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ABSTRACT
Intake of fluoridated water can be one of the most common neglected factors affecting the livers of individuals. 

Hepatocellular Carcinoma (HCC) is the most common malignant tumor responsible for a large number of deaths 

globally. Surveillance requires the early detection of HCC among patients at the first stage of cancer. The study aimed 

at the prognosis of HCC for which the Glypican-3 (GPC3) biomarker was used. Fluoride content in drinking water 

and serum of populations from district Narowal (sample) and DHA Lahore (control) was measured by the ion-selective 

electrode. The levels of expression of GPC3 in both samples and controls were determined by ELISA. The binding 

affinity of triptolide to glypican 3 using AutoDock Vina was determined by hydrogen bonds, binding energy, and 

clusters of interacting amino acid residues using discovery studio. Results analyzed by student’s t-test showed a 

significant increase (p=0.0001) in GPC3 with rising fluoride content in sample water and serum samples. Ligand 

binding modes with glypican3 showed the highest binding affinity (Δ -7.1 kcal/mol) with the lowest RMSD (0.000) by 

Autodock Vina. The study proves that the long-term consumption of fluoridated water is one of the leading causes of 

HCC that can be diagnosed at early stages by the detection of glypican 3 levels. Further, binding of triptolide to 

glypican3 in nonspecific manner demands structurally modified pharmacological targets for the prevention of HCC.
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INTRODUCTION

In humans, fluorine supports dental health, but in high 
concentrations, it quickly becomes toxic-leading to 
bioaccumulation in tissues. Dental fluorosis, skeletal fluorosis, 
arthritis, osteoporosis, and muscular damage are well-defined 
sequelae to toxic levels of Florine. Accumulations are also seen in 
the myocardium, arteries, nephron, liver, endocrine glands, and 
nervous system [1,2]. Significant effects are seen on the human 
immune, reproductive, gastrointestinal, and urinary systems of 
consuming greater than 1.0 mg/L of fluorine in water [3]. 
Fluorine also augments the toxicity of other heavy metals by 
binding with them and altering their excretion rates [4].

High concentrations of fluoride lead to histopathologic 
alterations in the liver [5]. Liver cells of rats exposed to high 
concentrations of fluoride show changes in proteins related to 
the endoplasmic reticulum, mitochondria, apoptosis, and 
cellular respiration [6]. In addition to these issues, another study 
reported changes in liver microstructure and the expressions of 
immune-related genes in Zebrafish [7]. Microstructural 
alterations in the liver increase with the concentration of 
fluoride as well as the duration of exposure. High fluoride is also 
linked to an increase in the apoptotic index and an upregulation 
of the Bax/Bcl2 apoptotic factor [8].

High fluoride has been reported for its ability to increase the 
expression of  GRP78  in  rat  liver,  which  denotes  endoplasmic 
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fertility, anticystogenesis, and chemoprotecting natural bioactive 
compound [25,26]. Commercial preparations are widely used to 
treat autoimmune and inflammatory diseases [27].

To our knowledge, no study has been carried out to investigate 
the binding affinity and inhibitory effects of triptolide to 
glypican 3 using computational tools. Since glypican 3 is a novel 
target for the clinical manifestation of HCC, our present study 
elucidated the mechanism of binding affinity of triptolide to 
glypican 3 using computational tools, AutoDock Vina. 

MATERIALS AND METHODS

Place of the study

This study was conducted in the department of Biochemistry, 
Minhaj University, Lahore from March 2020 to January 2021. 
Ethical approval was obtained from the institutional ethical 
committee at Minhaj University, Lahore.

Subjects

Male and female aged between 18 to 65 were included in the 
present study. Patients having recurrent complains of symptoms 
like vomiting, decreased appetite, excessive weight reduction, 
and yellow skin, abdominal pain consuming well water of 
Narowal for five years or more were included in the study after 
taking written informed consent. People aged 66 and above were 
not included in the study. Patients already diagnosed with HCC, 
HCV, HCB, under prolonged use of medications or exposed to 
alcohol or nicotine were also excluded. A total of 100 males and 
females were included in the study. Subjects were categorized 
into control subjects (n=30) from DHA and tests from Narowal 
(n=70). Each individual was subjected to written informed 
consent.

Collection of water samples

Water samples were collected from district Narowal for test and 
from DHA, Lahore for control and stored at 5°C to check 
fluoride levels.

Collection of blood samples

Venous blood sampling was performed obtaining 7 ml of blood 
by venipuncture. 4 ml was collected in a vial containing no 
additive and 3 ml of blood was collected in an EDTA vial to 
obtain plasma rather than serum for the estimation of fluoride 
contents from blood. The serum was extracted from blood 
samples by centrifuging blood at 3000 rpm for 15 minutes and 
was preserved at -20°C for further analysis

Estimation of fluoride contents in water and blood 
samples

Fluoride concentrations in water and blood samples were 
determined using the ion-specific electrode (fluoride electrode-
Orion, 9409). Its basic principle refers to the method established 
by Kissa [28]. The limit of detection of the electrode was 0.019 
mg/L.
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reticulum stress and protein misfolding. In a novel study on the 
proteomic analysis of liver cells chronically exposed to fluoride, 
forty-nine proteins related to metabolism were found 
significantly altered. In addition, proteins related to liver injury 
were found to increase, and those having antioxidant roles were 
depleted [9]. This all points to oxidative stress on the liver, and 
certain damage at a cellular level. Evidence of epigenetic changes 
is also reported, with disruption of DNA methylation seen with 
higher Fluoride exposure [10].

Literature as early as 1991 reported mild carcinogenic activity of 
fluoride in male rats [11]. It was further supported by a study in 
1993 showing the promotive effect of fluoride on precancerous 
lesions of hepatocellular carcinoma in rats [12]. A study 
conducted to test the carcinogenicity of substances based on 
DNA-damage-induced gene expression in human HepG2 cells 
found sodium fluoride to be among the carcinogens [13]. 
According to one study in Colombo, rats that ingested water 
with fluoride levels up to 1.3 mg/L had a higher incidence of 
Hepatocellular Carcinoma [14]. However, little research is done 
to compare fluoride concentrations in drinking water with the 
symptomatic disease of hepatocellular carcinoma in humans. 
This is the first aim of our study-to investigate fluoride-induced 
hepatocellular carcinoma, using serum levels of Glypican-3 in 
the rural areas of district Narowal, Punjab, chronically exposed 
to high levels of fluoride in drinking water.

Hepatocellular carcinoma is 5th most commonly diagnosed 
carcinoma globally [15]. Glypican-3 is being used as a reliable 
biomarker for the early detection of hepatocellular carcinoma 
[16]. Pakistan reports high concentrations of fluoride in 
drinking water. A 2021 study conducted in Thar calculated the 
fluoride content of well water to be 6-8 mg/L [17]. In many rural 
parts of Pakistan, well water is consumed for drinking purposes. 
This challenges Pakistan to assess and counter any damage 
caused to these exposed populations.

GPC3 is a member of the glypican family and its expression is 
normally detected in the placenta, numerous embryonic tissue 
the mammary gland, adult ovary, lung, kidney, and mesothelium 
[18,19] . In healthy adult liver, no GPC3 expression is detected, 
however, its overexpression has been detected in HCC. Further, 
GPC3 protein and gene expression levels in the serum and 
tumor tissue are higher in HCC than in healthy or non-
malignant livers [20]. Glypican 3 promotes growth of HCC cells 
via Wnt signaling pathway [21]. It interacts with Wnt ligands and 
stimulates cell proliferation [22]. Another study reported the 
inhibition of HCC cell growth and proliferation by transforming 
growth factor β receptor (TGF-β2) in siRNA-GPC3-mediated 
growth suppression [23]. In an in-vitro experiment, small 
interference RNA with a glypican 3 small hairpin RNA was used 
to identify the effects of GPC3 in the malignant behavior of 
HCC on highly metastatic HCC cell lines (MHCC97-H). The 
authors reported that there is a significant role of glypican 3 in 
the malignant behavior of HCC [24].

Triptolide is an extract of Chinese herb, Tripterygiumwilfordii 
Hook F (TWHF) and is known for its clinical effects among four 
hundred components derived from TWHF. It has been reported 
as anti-immunosuppressive, anticancer, anti-inflammatory, anti-
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Preparation of macromolecule

The 3D crystal structure of the glypican 3 (PDB ID; 
AF_AFP51654) was downloaded from the protein databank, 
RCSB (Research Collaboratory for Structural Bioinformatics) 
site in PDB Format (www.rcsb.org/pdb)

Setting docking parameter

Molecular docking was performed using Autodock 4.0, 
AutodockVina to predict maximum binding affinity of the 
ligands. The SDF (Spatial Data File) format of the ligands was 
converted into PDBQT, Protein (P), Data Bank (DB), partial 
charge (Q), and Atom type (T) format using command prompt 
from open babel for further docking studies. Macromolecule 
was saved in PDBQT format followed by deleting water 
molecule, addition of polar hydrogen and kolman charges in 
Autodock Tools (ADT). The docking parameter file was 
generated with grid spacing 1 Å and dimensions of 3.997 × 
3.008 × 2.186 Å with x=50, y=50, and z=50 coordinates and 
saved as config_txt in the docking folder. The grids spacing used 
were set accordingly to keep enough space for ligand to be 
docked on the surface. Results were analyzed and a two-
dimensional graphical depiction of best complex was assessed 
using discovery studio visualization.

RESULTS
Table 1 shows concentration of glypican 3 in both controls and 
samples and level of fluoride in serum and water  collected  from 
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Estimation of glypican 3

Glypican 3 was estimated using an ELISA kit (creative 
diagnostic, USA: DEIB BJ188) This assay employs the 
quantitative sandwich enzyme immunoassay technique that can 
detect glypican 3 in the range of 0.156-10 ng/ml and the 
sensitivity of the method to detect glypican 3 according to 
manufacturers is 0.014 ng/ml. The absorbance was measured at 
450 nm.

Estimation of SGOT and SGPT

Estimation of SGOT/AST and SGPT/ALT was done through 
the biochemical Kinetics kit Method (CliniChem: USA-410S1) 
by spectrophotometer at wavelength 340 nm. The reference 
range according to the kit is 45 U/L.

Estimation of serum ALP

Alkaline phosphatase was measured using diethanolamine 
buffer, DJKC kit method. Reaction mixture with 20 ul test 
serum was monitored kinetically at 405 nm by the rate of 
formation of 4-nitrophenol, which is proportional to the 
presence of alkaline phosphatase present in the sample. The 
reference range for the determination of ALP according to the 
kit is 98-279 U/l.

Statistical analysis

The data was analyzed by a Statistical Program (SPSS). Student’s-t 
test was applied to analyze levels of glypican 3, SGOT, SGPT 
and ALP. P<0.05 was taken as statistically significant.

Molecular docking

Molecular docking was performed using the empirical scoring 
function of Autodockvina. The empirical scoring function 
calculates the fitness of interaction by summing up the 
contribution of a number of individual turns, which is an 
important energetic factor in protein-ligand binding.

Preparation of ligand

Triptolide, compound ID 107985, was downloaded in SDF (2D) 
format from pub-Chem database. The structure of compound is 
shown in Figure 1.
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Figure 1: Ligand, Triptolide, and compound ID 107985.

Parameters Controls from DHA Test from narowal t value

Fluoride in water (µM/L) 0.415 ± 0.3 0.575 ± 0.34 t=6.30 p=0.0001***

Fluoride in water (µM/L) 1.62 ± 0.24 4.60 ± 0.36 t=7.0318 p=0.0001***

Glypican3 (µM/L) 0.2 ± 0.0830 6.671 ± 0.790 t=5.3419 p=0.0001***

Note: Statistical analysis was performed using students-t test. All values are represented ad means +SEM. The significance of difference is indicated 
by ***P<0.0001when test group from DHA was compared with respective control group.

Table 1: Concentration of Glypican 3 and fluoride levels in serum and water in controls and samples.



Mode 1 2 3 4 5 6 7 8 9

Binding
affinity

-7.1 -6.9 -6.9 -6.9 -6.6 -6.3 -6.3 -6.2 -6.2

Rmsd 0.000 1.654 2.725 14.127 12.387 14.811 11.994 12.041 9.144

Table 2: Binding affinity of ligand with receptor at different energy levels and Root Mean Square Deviation (RMSD) values.

Active site pockets No. of amino acid Amino acid residues in 
active sites

Center x Center y Center z

Pocket 1 12 LEU246, PHE248, 
SER249, GLY284, 
CYS 285, ALA287, 
GLY288, VAL289, 
LYS450, GLY 453, 
LEU 456, MET459

14.2065 -2.262 -15.1986

Pocket 2 07 MET255, ARG258, 
TYR277, VAL281, 
MET441, PHE445, 
LEU447

20.9917 0.09 -26.3614

Pocket 3 09 MET255, TYR277, 
VAL280, VAL281, 
GLN434, ALA437, 
ARG438, MET441, 
LEU447

17.7242 -2.1044 -29.265
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Table 3: Amino acid moieties in active site pockets of Glypican 3 with the x, y and z axis.

4

the respective populations. Results analyzed by students- t test 
show significant increase in fluoride concentration in water 
t=6.30 (p=0.0001) and in blood t=7.0318 (p= 0.0001) of 
samples collected from Narowal when compared to controls. 
Further, glypican 3 t=5.3419 (p=0.0001) also shows marked 
increase in its concentration when compared to controls.

Table 2 shows different modes of ligand interaction with the 
receptors at various energy levels and Root Mean Square 
Deviation (RMSD). The table shows that lower root mean 
squares require higher binding energy. Table 3 shows amino 
acid moieties in binding pockets of glypican 3. Results show 
three pockets. Pocket 1 constitute LEU246, PHE248, 
SER249, GLY284, CYS 285, ALA287, GLY288, VAL289, 
LYS450, GLY 453, LEU 456, MET459 amino acids with the 
x=14.2065, y=-2.262 and z =-15.1986 axis; pocket 2 constitutes 
MET255, ARG258, TYR277, VAL281, MET441, PHE445, 
LEU447 amino acids with x=20.99 , y=0.09 and z =-26.3 axis; 
and pocket 3 constitutes MET255, TYR277, VAL280, 
VAL281, GLN434, ALA437, ARG438, MET441, LEU447 
amino acids with the x=17.724, y=-2.104, and z=-29.26 axis.

Figure 2 shows significant increase in SGOT t=2.899 
(p=0.004), SGPT 2.289 (p=0.02) and Alkaline Phosphatase 
t=6.29 (p=0.03) when compared to controls. Figure 3 shows 
docking pose generated by autodockVina with the highest 
binding energy -7.1 kcal/mol. Figure shows glutamine 231, 
serine 571 and aspargine 234 to be the amino acids involved 
in non-covalent interaction with the receptor, glypican3.

Figure 2: Statistical analysis was performed using student’s t 
test. All values are expressed as means+SEM. The significance 
of difference is indicated by ***P<0.001,**P<0.01, *P<0.05 
when test group was compared with respective control. Note:
(     ) Controls, (    ) Sample.

Figure 4 shows docking pose of ligand interaction with receptor 
at highest binding energy (-7.1) showing conventional hydrogen 
bond interaction with serine 571 and aspargine 234 obtained 
through discovery studio. Figure shows vander Waal forces 
interaction with Gln 231, which is also confirmed by 
autodockvina with the highest binding energy with the ligand. In 
addition, amino acids Met 568, Val 572, Gln 112, Leu 157, Leu 
235 and Glu 238 also show van der Waal interaction.
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Figure 3: Docking pose generated by auto dock Vina with the 
highest binding energy -7.1 kcal/mol. Figure shows the 
glutamine 231, serine 571 and aspargine 234 are the amino 
acids involved in the non-covalent interaction with the 
receptor, glypican3.

Detection of glypican 3 levels in the plasma of the people of 
Narowal correlates their long-term exposure to fluoride in 
drinking water and the risk of developing HCC. Presence of 
GPC3 in serum is a positive indicator of HCC [38,39] . Studies 
on tissue microarray and immunohistochemical data report that 
70% of HCC samples show highly expressed GPC3 compared 
to normal liver tissues, liver cirrhosis or hepatitis tissues, benign 
liver lesions [40]. Full-length glypican 3 is a better predictive 
biomarker than alpha-fetoprotein to assess risk of HCC 
recurrence after radial surgery [41]. Expression of GPC3 is also 
correlated with poorer prognosis [42-45] further demonstrates 
the severity of the challenge Pakistan faces. On one hand, 
fluoridated water will not only lead to greater morbidity 
amongst the population, but it will also increase healthcare 
burden-with more cases of HCC emerging with time if this issue 
remains unresolved.

As stated earlier, people with a previously diagnosed cancer were 
excluded from this study. Hence, presence of HCC in serum of 
effected populations contributed to diagnosis. It can thus be 
suggested that long term consumption of fluoridated water 
played a major part in pathogenesis of the disease.

Prolonged fluoride exposure causes vacuolization of hepatocytes, 
dilated and hypertrophic liver tissue, cellular necrosis, oxidative 
stress, and cellular damage [46]. In the present study, fluoride 
exposure was associated with higher concentrations of plasma 
fluoride and altered liver enzymes. Raised SGOT and SGPT 
levels in the affected population point to a significant positive 
correlation between consuming high levels of fluoride and liver 
injury. This is supported by previous literature which shows 
histological alterations in the liver followed by exposure to high 
levels of fluoride [6]. A time course study on various 
concentrations of fluoride exposure to rats has been shown to 
alter liver proteins related to mitochondrial oxidative stress and 
endoplasmic reticulum [47]. Similar to our finding, a dose 
dependent study demonstrated that fluoride exposure greater 
than 2 mg/L may lead to alter kidney and liver enzymes function 
[48]. It is previously accepted in medical literature that overall 
survival and tumor free survival of patients with elevated SGOT 
and SGPT is far worse than those who have these enzymes in the 
normal ranges [49]. This further establishes risk for greater 
morbidity amongst HCC patients consuming fluoridated water

High levels of ALP in the people of Narowal consuming 
fluoridated water may also serve as a poor prognostic marker in 
HCC. ALP is a hydrolase enzyme that is present in all tissues of 
the entire body [47]. Clinically, it is used as a stable serum 
marker of biliary obstruction and related diseases. In addition, 
ALP is a potential prognostic marker in HCC and is included in 
the Chinese University Prognostic index [50]. Hence, levels of 
ALP could be used to assess therapeutic efficacy, in addition to 
liver function.

We have established so far that long-term consumption of 
fluoridated water contributes to liver damage, upregulation of 
Glypican-3 and possibly the development of HCC. Therefore it 
is of interest to see if HCC can be managed by inhibiting 
glypican3 at translational and transcriptional level.

Keeping in view the potential targets, present study investigated 
potency of triptolide to inhibit glypican 3 proteins by computational 
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Figure 4: Binding of ligand with receptor at highest binding 
affinity showing non covalent interactions. Note: (   ) 
Hydrogen bonds and (        ) van der Waal forces.

DISCUSSION
Many natural processes and industrial activities cause 
contamination of ground water [29], resulting in fluoride 
contamination [30]. Present study shows that the rural area of 
district Narowal, Pakistan is an affected area of Pakistan with 
fluorotoxicity of drinking water. In parallel to present finding, 
Tharpakar, Peshawar, Nagar Parkar, Narowal, Dera Ghazi 
Khan, Lahore, Kasur, Faisalabad, Karachi, Sialkot have also 
reported flourotoxicity in drinking water [29,30-36]. These 
points to a serious challenge in healthcare for Pakistan-if this 
issue is not dealt with promptly, it could lead to life-threatening 
sequalae.

Management and controlling contamination by fluoride in 
drinking water is not an easy process and this toxicity is a threat 
to human health every day. High level of Fluoride content in 
the well-waters of district Narowal lead to significantly 
increased Fluoride levels in the serum of the consumers-this is 
well established in medical research and our study confirms 
that chronically elevated levels of fluoride in drinking water 
result in raised plasma fluoride levels [37].



docking studies. Binding of ligand to receptor at the lowest Root
Mean Square Deviation (RMSD) (0.000) showed (Δ-7.1 kcal/
mol) affinity by AutoDock Vina analysis. It was reported that if
the RMSD values of the best conformation is<2.0 Å from the
bound ligand in the experimental crystal structure then the used
scoring function is successful. Results show few non-covalent
interactions with glutamine 231, serine 571 and aspargine 234.
Analysis of ligand and receptor interaction shows conventional
hydrogen bond interaction with serine 571 and aspargine 234
while van der Waal forces interaction with Gln 231, Met 568,
Val 572, Gln 112, Leu 157, Leu 235 and Glu 238 amino acids
was observed. Triptolide exhibits a broad spectrum
pharmacological profile, but it has also been reported for its
narrow therapeutic window, poor water solubility (0.017 mg/ml,
pH 7.4 at room temperature) and multi- organ toxicity including
hepatotoxicity, nephrotoxicity, and reproductive toxicity [51-53].

Experimental evidences prove that triptolide induces apoptosis,
suppresses inflammation and provokes cyto protection by
inhibiting pro-inflammatory cytokines [54,55]. Active site
analysis of glypican 3 shows three pockets where ligand can bind
and contain 12, 7 and 9 amino acids in each pocket. Interaction
of glypican 3 with triptolide according to present results
obtained by autodock Vina does not show similarity to the
amino acids present in the active site pockets-hence triptolide
binds non-competitively at a site other than the active-site. In
addition, Prank web analysis showing three different pockets for
attachment indicate that the affinity of triptolide is not specific,
rather, its binding outside the active site was observed at
different x=3.997, y=3.008 and z=2.186 coordinates obtained by
Auto dock Vina. This may represent its broad-spectrum
mechanism of action-from its benefits to toxicity. Present results
are in agreement with previous findings reporting toxicity and
poor solubility in water, and due to this reason it is not used
systemically in the clinic [56].

CONCLUSION
Therefore, triptolide analogues have been synthesized with
diverse structural modifications. Structure activity relationship
studies reported hydrogen bonded C-14 of triptolide performs a
key role for its anticancer effects but its insolubility in water has
delayed its use in the clinic. It is suggested that the high fluoride
intake is one of the leading causes of HCC that can be
diagnosed earlier with the detection of glypican 3. Its
overexpression contributes to the development of HCC.
Further, binding of triptolide to glypican3 in nonspecific
manner demands structurally modified pharmacological targets
for the prevention of hepatotoxicity and glypican-3
overexpression.

AUTHORS CONTRIBUTION
Iffat Ara (supervised and performed docking), Burhan Khatri
(initial draft and revision of manuscript) Qurat-ul-Ain
Chaudhary (data collection, hospital survey and laboratory
estimations), Shakeel Ahmed (supervised data collection and
laboratory estimations).

ACKNOWLEDGEMENT
Author (Ara Iffat) would like to thank all authors for their
contribution in data collection especially Mr. Shakeel Ahmed
for his supervision in laboratory estimations.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

REFERENCES
1. Solanki YS, Agarwal M, Gupta AB, Gupta S, Shukla P. Fluoride

occurrences, health problems, detection, and remediation methods for
drinking water: A comprehensive review. Sci Total Environ.
2022;807:150601.

2. Davoudi M, Barjasteh-Askari F, Sarmadi M, Ghorbani M, Yaseri
M, Bazrafshan E, et al. Relationship of fluoride in drinking water
with blood pressure and essential hypertension prevalence: A
systematic review and meta-analysis. Int Arch Occup Environ
Health. 2021;94(6):1137-1146.

3. Harrison PT. Fluoride in water: A UK perspective. J Fluor Chem.
2005;126(11-12):1448-1456.

4. Jackson PJ, Harvey PW, Young WF. Chemistry and bioavailability
aspects of fluoride in drinking water. Marlow, Buckinghamshire:
WRc-NSF. 2002.

5. Chattopadhyay A, Podder S, Agarwal S, Bhattacharya S. Fluoride-
induced histopathology and synthesis of stress protein in liver and
kidney of mice. Arch Toxicol. 2011;85:327-335.

6. da Silva Pereira HA, Dionizio AS, Araujo TT, da Silva Fernandes
M, Iano FG, Buzalaf MA. Proposed mechanism for understanding
the dose-and time-dependency of the effects of fluoride in the liver.
Toxicol Appl Pharmacol. 2018;358:68-75.

7. Cao J, Feng C, Xie L, Li L, Chen J, Yun S, et al. Sesamin attenuates
histological alterations, oxidative stress and expressions of immune-
related genes in liver of zebrafish (Danio rerio) exposed to fluoride.
Fish Shellfish Immunol. 2020;106:715-723.

8. Cao J, Chen J, Wang J, Jia R, Xue W, Luo Y, et al. Effects of
fluoride on liver apoptosis and Bcl-2, Bax protein expression in
freshwater teleost, Cyprinus carpio. Chemosphere. 2013;91(8):
1203-1212.

9. Pereira HA, Leite AD, Charone S, Lobo JG, Cestari TM, Peres-
Buzalaf C, et al. Proteomic analysis of liver in rats chronically exposed
to fluoride. PLoS One. 2013;8(9):e75343.

10. Meng X, Yao Y, Ma Y, Zhong N, Alphonse S, Pei J. Effect of
fluoride in drinking water on the level of 5-methylcytosine in human
and rat blood. Environ Toxicol Pharmacol. 2021;81:103511.

11. Bucher JR, Hejtmancik MR, Toft JD, Persing RL, Eustis SL,
Haseman JK. Results and conclusions of the National Toxicology
Program's rodent carcinogenicity studies with sodium fluoride. Int J
Cancer. 1991;48(5):733-737.

12. Liu YQ. Promotive action of sodium fluoride on precancerous lesions
of hepatocellular carcinoma induced by Diethylnitrosamine (DEN) in
rats--stereologic study of enzyme histochemistry. Zhonghua Bing Li
Xue Za Zhi. 1993;22(5):299-301.

13. Zhang R, Niu Y, Du H, Cao X, Shi D, Hao Q, et al. A stable and
sensitive testing system for potential carcinogens based on DNA
damage-induced gene expression in human HepG2 cell. Toxicol In
Vitro. 2009;23(1):158-165.

14. Thammitiyagodage MG, Gunatillaka MM, Ekanayaka N,
Rathnayake C, Horadagoda NU, Jayathissa R, et al. Ingestion of
dug well water from an area with high prevalence of Chronic Kidney

Ara I, et al.

J Clin Toxicol, Vol.13 Iss.3 No:1000534 6

https://www.sciencedirect.com/science/article/abs/pii/S0048969721056795?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969721056795?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969721056795?via%3Dihub
https://link.springer.com/article/10.1007/s00420-021-01714-x
https://link.springer.com/article/10.1007/s00420-021-01714-x
https://link.springer.com/article/10.1007/s00420-021-01714-x
https://www.sciencedirect.com/science/article/abs/pii/S0022113905002599
https://americanfluoridationsociety.org/wp-content/uploads/2016/05/Jackson-lead-corrosive-wrcreport.pdf
https://americanfluoridationsociety.org/wp-content/uploads/2016/05/Jackson-lead-corrosive-wrcreport.pdf
https://link.springer.com/article/10.1007/s00204-010-0588-7
https://link.springer.com/article/10.1007/s00204-010-0588-7
https://link.springer.com/article/10.1007/s00204-010-0588-7
https://www.sciencedirect.com/science/article/abs/pii/S0041008X18304101?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0041008X18304101?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050464820306033?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050464820306033?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050464820306033?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653513001173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653513001173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653513001173?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0075343
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0075343
https://www.sciencedirect.com/science/article/abs/pii/S1382668920301873?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1382668920301873?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1382668920301873?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/ijc.2910480517
https://onlinelibrary.wiley.com/doi/10.1002/ijc.2910480517
https://pesquisa.bvsalud.org/odontologia/resource/espt/mdl-8168199
https://pesquisa.bvsalud.org/odontologia/resource/espt/mdl-8168199
https://pesquisa.bvsalud.org/odontologia/resource/espt/mdl-8168199
https://www.sciencedirect.com/science/article/abs/pii/S0887233308002671?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0887233308002671?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0887233308002671?via%3Dihub
https://cmj.sljol.info/articles/10.4038/cmj.v62i1.8428
https://cmj.sljol.info/articles/10.4038/cmj.v62i1.8428


Disease of unknown etiology (CKDu) and development of kidney and
liver lesions in rats. Ceylon Med J. 2017;62(1):20-24.

15. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer. 2010;127(12):2893-2917.

16. Mann SA, Saxena R. Predictive biomarkers and targeted therapies in
hepatic, pancreatic, and biliary cancers. Predictive Biomarkers
Oncol. 2019:437-444.

17. Ahmed I, Salman S, Iqbal S, Siddiqui A, Fatima I. Effect of
drinking high fluoride water on liver enzymes a comparitive cross-
sectional study. J Community Hosp Intern Med Perspect.
2021;11(3):350-353.

18. Filmus J. Glypicans in growth control and cancer. Glycobiology.
2001;11(3):19R-23R.

19. Iglesias BV, Centeno G, Pascuccelli H, Ward F, Peters MG,
Puricelli L, et al. Expression pattern of glypican-3-GPC3-during
human embryonic and fetal development. Histol Histopathol.
2008;23(11):1333-1340.

20. Capurro M, Wanless IR, Sherman M, Deboer G, Shi W, Miyoshi
E, et al. Glypican-3: A novel serum and histochemical marker for
hepatocellular carcinoma. Gastroenterology. 2003;125(1):89-97.

21. Capurro MI, Xiang YY, Lobe C, Filmus J. Glypican-3 promotes the
growth of hepatocellular carcinoma by stimulating canonical Wnt
signaling. Cancer Res. 2005;65(14):6245-6254.

22. Filmus J, Capurro M, Rast J. Glypicans. Genome Biol. 2008;9(5):
1-6.

23. Sun CK, Chua MS, He J, Samuel KS. Suppression of glypican 3
inhibits growth of hepatocellular carcinoma cells through up-
regulation of TGF-β2. Neoplasia. 2011;13(8):735-747.

24. Ruan J, Liu F, Chen X, Zhao P, Su N, Xie G, et al. Inhibition of
glypican-3 expression via RNA interference influences the growth and
invasive ability of the MHCC97-H human hepatocellular carcinoma
cell line. Int J Mol Med. 2011;28(4):497-503.

25. Owa C, Ziaei S, Romel B, Weeks M, Halaby R. Triptolide induces
cytosolic translocation of lysosomal hydrolases and mitochondrial
permeabilization in MCF-7 cells. Int J Res Cancer Therapy.
2022;1(1):12-19.

26. Fang WY, Tseng YT, Lee TY, Fu YC, Chang WH, Lo WW, et al.
Triptolide prevents LPS‐induced skeletal muscle atrophy via inhibiting
NF‐κB/TNF‐α and regulating protein synthesis/degradation pathway.
Br J Pharmacol. 2021;178(15):2998-3016.

27. Qiu D, Kao PN. Immunosuppressive and anti-inflammatory
mechanisms of triptolide, the principal active diterpenoid from the
Chinese medicinal herb Tripterygium wilfordii Hook. f. Drugs R D.
2003;4(1):1-8.

28. Kissa E. Determination of inorganic fluoride in blood with a fluoride
ion-selective electrode. Clin Chem. 1987;33(2):253-255.

29. Siddique A, Mumtaz M, Saied S, Karim Z, Zaigham NA. Fluoride
concentration in drinking water of Karachi City (Pakistan). Environ
Monit Assess. 2006;120:177-185.

30. Tahir MA, Rasheed H. Fluoride in the drinking water of Pakistan
and the possible risk of crippling fluorosis. Drink Water Eng Sci.
2013;6(1):17-23.

31. Brahman KD, Kazi TG, Afridi HI, Naseem S, Arain SS, Ullah N.
Evaluation of high levels of fluoride, arsenic species and other
physicochemical parameters in underground water of two sub districts
of Tharparkar, Pakistan: A multivariate study. Water Res. 2013;47(3):
1005-1020.

32. Rafique T, Naseem S, Usmani TH, Bashir E, Khan FA, Bhanger
MI. Geochemical factors controlling the occurrence of high fluoride
groundwater in the Nagar Parkar area, Sindh, Pakistan. J Hazard
Mater. 2009;171(1-3):424-430.

33. Malana MA, Khosa MA. Groundwater pollution with special focus
on arsenic, Dera Ghazi Khan-Pakistan. J Saudi Chem Soc.
2011;15(1):39-47.

34. Farooqi A, Masuda H, Firdous N. Toxic fluoride and arsenic
contaminated groundwater in the Lahore and Kasur districts, Punjab,
Pakistan and possible contaminant sources. Environ Pollut.
2007;145(3):839-849.

35. Kausar R, Ahmad S, Rehman KL, Ahmad R. Fluoride status of
underground water of Faisalabad city area. Int J Agric Biol.
2003;5:536-539.

36. Ullah R, Malik RN, Qadir A. Assessment of groundwater
contamination in an industrial city, Sialkot, Pakistan. Afr J Environ
Sci Technol. 2009;3(12):429-446.

37. Thippeswamy HM, Devananda D, Nanditha Kumar M, Wormald
MM, Prashanth SN. The association of fluoride in drinking water
with serum calcium, vitamin D and parathyroid hormone in pregnant
women and newborn infants. Eur J Clin Nutr. 2021;75(1):151-159.

38. Wang W, Zhao LJ, Wang Y, Tao QY, Feitelson MA, Zhao P, et al.
Application of HBx-induced anti-URGs as early warning biomarker of
cirrhosis and HCC. Cancer Biomark. 2012;11(1):29-39.

39. Abdelgawad IA, Mossallam GI, Radwan NH, Elzawahry HM,
Elhifnawy NM. Can Glypican3 be diagnostic for early hepatocellular
carcinoma among Egyptian patients?. Asian Pac J Cancer Prev.
2013;14(12):7345-7349.

40. Sun B, Huang Z, Wang B, Yu Y, Lin S, Luo L, et al. Significance of
Glypican-3 (GPC3) expression in hepatocellular cancer diagnosis.
Med Sci monit. 2017;23:850-855.

41. Miura M, Fujinami N, Shimizu Y, Mizuno S, Saito K, Suzuki T, et
al. Usefulness of plasma full‑length glypican‑3 as a predictive marker
of hepatocellular carcinoma recurrence after radial surgery. Oncol
Lett. 2020;19(4):2657-2666.

42. Zhang J, Zhang M, Ma H, Song X, He L, Ye X, et al.
Overexpression of glypican-3 is a predictor of poor prognosis in
hepatocellular carcinoma: An updated meta-analysis. Medicine.
2018;97(24):e11130.

43. Wang L, Pan L, Yao M, Cai Y, Dong Z, Yao D. Expression of
oncofetal antigen glypican-3 associates significantly with poor
prognosis in HBV-related hepatocellular carcinoma. Oncotarget.
2016;7(27):42150.

44. Zhou F, Shang W, Yu X, Tian J. Glypican‐3: A promising biomarker
for hepatocellular carcinoma diagnosis and treatment. Med Res Rev.
2018;38(2):741-767.

45. Shirakawa H, Suzuki H, Shimomura M, Kojima M, Gotohda N,
Takahashi S, et al. Glypican‐3 expression is correlated with poor
prognosis in hepatocellular carcinoma. Cancer Sci. 2009;100(8):
1403-1407.

46. Atmaca N, Atmaca HT, Kanici A, Anteplioglu T. Protective effect
of resveratrol on sodium fluoride-induced oxidative stress,
hepatotoxicity and neurotoxicity in rats. Food Chem Toxicol.
2014;70:191-197.

47. Wei Q, Deng H, Cui H, Fang J, Zuo Z, Deng J, et al. A mini review
of fluoride-induced apoptotic pathways. Environ Sci Pollut Res.
2018;25:33926-33935.

48. Xiong X, Liu J, He W, Xia T, He P, Chen X, et al. Dose-effect
relationship between drinking water fluoride levels and damage to
liver and kidney functions in children. Environ Res. 2007;103(1):
112-116.

49. Xu XS, Wan Y, Song SD, Chen W, Miao RC, Zhou YY, et al.
Model based on γ-glutamyltransferase and alkaline phosphatase for
hepatocellular carcinoma prognosis. World J Gastroenterol.
2014;20(31):10944.

50. Leung TW, Tang AM, Zee B, Lau WY, Lai PB, Leung KL, et al.
Construction of the Chinese university prognostic index for

Ara I, et al.

J Clin Toxicol, Vol.13 Iss.3 No:1000534 7

https://cmj.sljol.info/articles/10.4038/cmj.v62i1.8428
https://cmj.sljol.info/articles/10.4038/cmj.v62i1.8428
https://onlinelibrary.wiley.com/doi/10.1002/ijc.25516
https://onlinelibrary.wiley.com/doi/10.1002/ijc.25516
https://link.springer.com/chapter/10.1007/978-3-319-95228-4_40
https://link.springer.com/chapter/10.1007/978-3-319-95228-4_40
https://www.tandfonline.com/doi/full/10.1080/20009666.2021.1898088
https://www.tandfonline.com/doi/full/10.1080/20009666.2021.1898088
https://www.tandfonline.com/doi/full/10.1080/20009666.2021.1898088
https://academic.oup.com/glycob/article/11/3/19R/677253?login=false
https://www.hh.um.es/Abstracts/Vol_23/23_11/23_11_1333.htm
https://www.hh.um.es/Abstracts/Vol_23/23_11/23_11_1333.htm
https://www.gastrojournal.org/article/S0016-5085(03)00689-9/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://www.gastrojournal.org/article/S0016-5085(03)00689-9/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://aacrjournals.org/cancerres/article/65/14/6245/518307/Glypican-3-Promotes-the-Growth-of-Hepatocellular
https://aacrjournals.org/cancerres/article/65/14/6245/518307/Glypican-3-Promotes-the-Growth-of-Hepatocellular
https://aacrjournals.org/cancerres/article/65/14/6245/518307/Glypican-3-Promotes-the-Growth-of-Hepatocellular
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2008-9-5-224
https://www.sciencedirect.com/science/article/pii/S1476558611800084?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558611800084?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1476558611800084?via%3Dihub
https://www.spandidos-publications.com/10.3892/ijmm.2011.704
https://www.spandidos-publications.com/10.3892/ijmm.2011.704
https://www.spandidos-publications.com/10.3892/ijmm.2011.704
https://www.spandidos-publications.com/10.3892/ijmm.2011.704
https://rubatosis.org/journals/index.php/ijrct/article/view/21
https://rubatosis.org/journals/index.php/ijrct/article/view/21
https://rubatosis.org/journals/index.php/ijrct/article/view/21
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bph.15472
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bph.15472
https://link.springer.com/article/10.2165/00126839-200304010-00001
https://link.springer.com/article/10.2165/00126839-200304010-00001
https://link.springer.com/article/10.2165/00126839-200304010-00001
https://academic.oup.com/clinchem/article-abstract/33/2/253/5653119
https://academic.oup.com/clinchem/article-abstract/33/2/253/5653119
https://link.springer.com/article/10.1007/s10661-005-9056-x
https://link.springer.com/article/10.1007/s10661-005-9056-x
https://dwes.copernicus.org/articles/6/17/2013/
https://dwes.copernicus.org/articles/6/17/2013/
https://www.sciencedirect.com/science/article/abs/pii/S0043135412007725?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135412007725?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135412007725?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389409009303?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389409009303?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319610310001146
https://www.sciencedirect.com/science/article/pii/S1319610310001146
https://www.sciencedirect.com/science/article/abs/pii/S0269749106003289?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749106003289?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749106003289?via%3Dihub
http://www.fspublishers.org/published_papers/99758_..pdf
http://www.fspublishers.org/published_papers/99758_..pdf
https://www.ajol.info/index.php/ajest/article/view/56273
https://www.ajol.info/index.php/ajest/article/view/56273
https://www.nature.com/articles/s41430-020-00707-2
https://www.nature.com/articles/s41430-020-00707-2
https://www.nature.com/articles/s41430-020-00707-2
https://content.iospress.com/articles/cancer-biomarkers/cbm00261
https://content.iospress.com/articles/cancer-biomarkers/cbm00261
http://koreascience.or.kr/article/JAKO201305981342418.page
http://koreascience.or.kr/article/JAKO201305981342418.page
https://medscimonit.com/abstract/index/idArt/899198
https://medscimonit.com/abstract/index/idArt/899198
https://www.spandidos-publications.com/10.3892/ol.2020.11371
https://www.spandidos-publications.com/10.3892/ol.2020.11371
https://journals.lww.com/md-journal/Fulltext/2018/06150/Overexpression_of_glypican_3_is_a_predictor_of.68.aspx
https://journals.lww.com/md-journal/Fulltext/2018/06150/Overexpression_of_glypican_3_is_a_predictor_of.68.aspx
https://www.oncotarget.com/article/9892/text/
https://www.oncotarget.com/article/9892/text/
https://www.oncotarget.com/article/9892/text/
https://onlinelibrary.wiley.com/doi/10.1002/med.21455
https://onlinelibrary.wiley.com/doi/10.1002/med.21455
https://onlinelibrary.wiley.com/doi/10.1111/j.1349-7006.2009.01206.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1349-7006.2009.01206.x
https://www.sciencedirect.com/science/article/abs/pii/S0278691514002452?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691514002452?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691514002452?via%3Dihub
https://link.springer.com/article/10.1007/s11356-018-3406-z
https://link.springer.com/article/10.1007/s11356-018-3406-z
https://www.sciencedirect.com/science/article/abs/pii/S0013935106001265?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935106001265?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935106001265?via%3Dihub
https://www.wjgnet.com/1007-9327/full/v20/i31/10944.htm
https://www.wjgnet.com/1007-9327/full/v20/i31/10944.htm
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.10384


hepatocellular carcinoma and comparison with the TNM staging
system, the okuda staging system, and the cancer of the liver Italian
Program staging system: A study based on 926 patients. Cancer.
2002;94(6):1760-1769.

51. Wang X, Jiang Z, Cao W, Yuan Z, Sun L, Zhang L. Th17/Treg
imbalance in triptolide-induced liver injury. Fitoterapia.
2014;93:245-251.

52. Yang F, Ren L, Zhuo L, Ananda S, Liu L. Involvement of oxidative
stress in the mechanism of triptolide-induced acute nephrotoxicity in
rats. Exp Toxicol Pathol. 2012;64(7-8):905-911.

53. Liu J, Jiang Z, Liu L, Zhang Y, Zhang S, Xiao J, et al. Triptolide
induces adverse effect on reproductive parameters of female Sprague-
Dawley rats. Drug Chem Toxicol. 2011;34(1):1-7.

54. Chen M, Lv Z, Huang L, Zhang W, Lin X, Shi J, et al. Triptolide
inhibits TGF-β1-induced cell proliferation in rat airway smooth
muscle cells by suppressing Smad signaling. Exp Cell Res.
2015;331(2):362-368.

55. Hou W, Liu B, Xu H. Triptolide: Medicinal chemistry, chemical
biology and clinical progress. Eur J Med Chem. 2019;176:378-392.

56. Zhou ZL, Yang YX, Ding J, Li YC, Miao ZH. Triptolide: Structural
modifications, structure-activity relationships, bioactivities, clinical
development and mechanisms. Nat Prod Rep. 2012;29(4):457-475.

Ara I, et al.

J Clin Toxicol, Vol.13 Iss.3 No:1000534 8

https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.10384
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.10384
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.10384
https://www.sciencedirect.com/science/article/abs/pii/S0367326X14000124?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X14000124?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299311000649?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299311000649?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0940299311000649?via%3Dihub
https://www.tandfonline.com/doi/abs/10.3109/01480541003774358?journalCode=idct20
https://www.tandfonline.com/doi/abs/10.3109/01480541003774358?journalCode=idct20
https://www.tandfonline.com/doi/abs/10.3109/01480541003774358?journalCode=idct20
https://www.sciencedirect.com/science/article/abs/pii/S0014482714004777?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014482714004777?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0014482714004777?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523419304428?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0223523419304428?via%3Dihub
https://pubs.rsc.org/en/content/articlelanding/2012/NP/c2np00088a
https://pubs.rsc.org/en/content/articlelanding/2012/NP/c2np00088a
https://pubs.rsc.org/en/content/articlelanding/2012/NP/c2np00088a

	Contents
	Prognosis of Hepatocellular Carcinoma with the Detection of Glypican 3 and its Inhibition by Triptolide using Docking Studies with Autodock Vina
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Place of the study
	Subjects
	Collection of water samples
	Collection of blood samples
	Estimation of fluoride contents in water and blood samples
	Estimation of glypican 3
	Estimation of SGOT and SGPT
	Estimation of serum ALP
	Statistical analysis
	Molecular docking
	Preparation of ligand
	Preparation of macromolecule
	Setting docking parameter

	RESULTS
	DISCUSSION
	CONCLUSION
	AUTHORS CONTRIBUTION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES

	JCT-23-24401.pdf
	Contents
	Prognosis of Hepatocellular Carcinoma with the Detection of Glypican 3 and its Inhibition by Triptolide using Docking Studies with Autodock Vina
	ABSTRACT
	INTRODUCTION
	CONCLUSION
	AUTHORS CONTRIBUTION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES


	JCT-23-24401.pdf
	Contents
	Prognosis of Hepatocellular Carcinoma with the Detection of Glypican 3 and its Inhibition by Triptolide using Docking Studies with Autodock Vina
	ABSTRACT
	INTRODUCTION
	CONCLUSION
	AUTHORS CONTRIBUTION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES





