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Abstract

The present study aimed to analyze Cholinesterase (CE) levels in cord blood from preeclamptic 
women and to evaluate cholinesterase status in patients with osteosarcoma. Serum cholinesterase 
levels were assessed in 30 cases of osteosarcoma and 30 controls suffering from musculoskeletal 
pain. Additionally, maternal and cord blood samples were collected from 25 women with 
preeclampsia and compared with those from 25 normotensive pregnant women and 25 normal, 
healthy controls. The results indicated that serum cholinesterase levels were signiϐicantly lower in 
osteosarcoma patients (Group I) compared to those with musculoskeletal pain (Group II, p < 0.05). 
Similarly, cholinesterase levels were reduced in the maternal blood of women with preeclampsia 
when compared to normotensive controls. Cord blood cholinesterase levels were lower in the 
infants of normotensive mothers, with levels reaching 88.65% of the maternal levels. Furthermore, 
cord blood cholinesterase levels were signiϐicantly lower in preeclamptic women compared to 
normotensive pregnant women. When comparing cholinesterase levels to those of normal controls, 
it was observed that CE levels were signiϐicantly elevated in both normotensive and preeclamptic 
women. The ϐindings of low serum cholinesterase levels in this study suggest that cholinesterase 
secreted by osteoblasts is utilized in bone formation and tumorigenesis. Additionally, the decrease 
in cholinesterase levels associated with preeclampsia may be linked to the loss of muscarinic 
cholinergic receptors that occur in this condition.

fetal chondrocytes, the E6-AChE mRNA levels were raised 
however, this was not the case in the osteogenically impaired 
chondrocytes of dwarf fetuses with thanatophoric dysplasia. 
They suggested the morphogenic involvement of E6-AChE 
in maintaining the balance between proliferation and 
differentiation in human osteogenesis [5].

It has been reported that osteoblast-derived 
acetylcholinesterase is a novel mediator of cell-matrix 
interactions in bone. Osteosarcoma cell lines and primary 
cultures of osteoblasts have been reported to express AChE 
mRNA, indicating that AChE is a novel bone matrix protein 
that mediates cell-matrix interactions and bone formation 
and regulates remodeling [6].

A non-neural cholinergic system thus exists, along with 
the ubiquitous presence of cholinesterase and cholinergic 
receptors (nicotinic and muscarinic) [7]. Also, the cholinergic 
system has been demonstrated to exist in human endothelium 
and acetylcholine has multiple effects on the vascular 
endothelium-derived relaxing factor and cholinergic 
dysfunction is implicated in the pathophysiology of certain 

Introduction
Cholinesterase (ChE) enzymes catalyse the hydrolysis 

of choline esters, and acetylcholine (ACh) being the most 
important substrate. Also, AChE has The non-catalytic/ 
structural functions of AChE have a role in the proliferation 
and development of blood, retinal, and neuronal cells [1,2].

In acute hepatitis, cirrhosis of the liver, organophosphate 
poisoning, and some malignant tumours, levels of serum ChE 
are reduced. Recent studies have revealed the role of serum 
cholinesterase as a biomarker of various diseases in humans 
[3,4]. 

Low levels of cholinesterase have been demonstrated 
in cases of multiple myeloma and serum cholinesterase 
levels are reliable indicators for monitoring changes in 
behaviour and remission of multiple myeloma [3]. In the 
differentiating human osteosarcoma Saos-2 cells, Grisaru, 
et al. showed that morphogenic ally active 3′ alternative 
splicing variant of acetylcholinesterase increased and after 
midgestation in normal differentiating and post proliferative, 
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Results
In the present study, serum calcium levels were signiϐicantly 

raised in Group I as compared to Group II (p < 0.01). Serum 
phosphorus levels were lower in group I as compared to group 
II and the results were comparable (p > 0.05). Serum alkaline 
phosphatase levels were signiϐicantly raised in Group I as 
compared to Group II (p < 0.001, Table 1). 

Low serum cholinesterase levels were observed in group 
II (121.30 ± 40.80 μkat/L) when compared to group I (124.34 
± 27.87 μkat/L; p = 0.737, Table 2). In males, serum ChE 
levels were higher in group I compared to females (132.21 
± 30.78 μkat/L and 116.47 ± 23.0 μkat/L respectively, 
p = 0.124). In group II, serum ChE levels were signiϐicantly 
higher in males as compared to females (139.43 ± 39.21 
μkat/L and 103.17 ± 37.74 μkat/L respectively, p = 0.012). 
No statistically signiϐicant difference could be found between 
males and females of groups I and II (p = 0.579 and p = 0.227, 
respectively).

Signiϐicantly higher serum cholinesterase levels were 
noted in Group I when compared to Group II (137.77 ± 29.93 
μkat/L vs. 116.47 ± 23.0 μkat/L respectively, p = 0.007, 
Table 3). In preeclamptics, maternal serum cholinesterase 
levels were lowered as compared to healthy pregnant, 
although not statistically signiϐicant (121.09 ± 21.83 μkat/L 
vs. 137.77 ± 29.93 μkat/L; p = 0.092). Serum cholinesterase 
levels were higher in preeclamptic women when compared to 
osteosarcoma females, although non-signiϐicant statistically 
(121.09 ± 21.83 μkat/L and 103.17 ± 37.74 μkat/L respectively, 
p = 0.102).

Discussion
In several tissues, including keratocytes, cancer cells, 

immune cells, urinary bladder, airway epithelial cells, vascular 
endothelial cells, and reproductive organs, a non-neuronal 
cholinergic system has been reported. Cholinergic dysfunction 
has been implicated in the pathophysiology of certain diseases. 
The non-neuronal cholinergic components have local actions 
and act via paracrine and autocrine mechanisms to control 
basic cellular functions such as proliferation, differentiation, 
cell-cell interaction, and response to various insults including 
stress [13]. 

In human osteoblasts and chondrocytes, AChE is expressed 
depending on their proliferation and differentiation states. 
In osteoblast cells, nicotinic modulation of gene expression 
of MG-63 has been reported [14]. Also, acetylcholinesterase 

diseases. The human placenta, being a non-neuronal tissue, 
contains an active cholinergic containing acetylcholine 
(ACh), choline acetyltransferase (ChAT), acetylcholinesterase 
(AChE), and high-afϐinity muscarinic receptors. In the 
human placenta, anti-ChAT (choline acetyltransferase) 
immunoreactivity in multiple sub-cellular compartments 
is found, and enhanced levels of acetylcholine have been 
detected in various inϐlammatory diseases [8]. Placental 
concentration of Ach varies with gestational age and reaches 
a peak at approximately 20-22 weeks gestation and declines 
toward term [9].

Conϐlicting reports regarding plasma cholinesterase 
activity in pre-eclamptic pregnancies are available in the 
literature [10]. Decreased plasma cholinesterase activity 
in pre-eclamptic pregnancy when compared to normal 
pregnancy has been documented in the literature [11]. On the 
other hand, others have reported no signiϐicant difference in 
plasma cholinesterase activity between normal pregnant and 
preeclamptic women [12]. The exact mechanisms of reduction 
in plasma cholinesterase activity in normal and eclamptic 
pregnancies are not known.

Given the scanty and conϐlicting literature on cholinesterase 
levels in bone, placenta, and blood, the present study was 
designed to assess serum cholinesterase levels in healthy 
adults, osteosarcoma patients, and normotensive pregnancy 
and preeclamptic.

Data and methods
Method 

This study was done in the Departments of Biochemistry, 
Obstetrics and Gynaecology, and Orthopaedics Pt. B.D. Sharma, 
PGIMS, Rohtak. In this study, ninety subjects were included 
and sub-grouped as Group I (healthy Controls, n = 30);
Group II (histologically conϐirmed cases of osteosarcoma with 
localised without metastasis, n = 30); Group III (pregnant 
women, n = 30 who were further sub-grouped as Group III 
A (healthy pregnant, n = 15) and group III B (preeclamptic 
women, n = 15). Women with a history of smoking, metabolic 
disorders, anaemia, heart disease, diabetes, or renal disease 
were excluded from the study. Women who delivered by 
normal vaginal delivery were included in the study after 
taking informed consent. Four mL of venous blood was drawn 
aseptically and serum was separated by centrifugation. 
Routine investigations were done by standard methods. 
Quantitative in vitro cholinesterase activity was measured in 
serum by kinetic method [12].

Statistical analysis

Data so obtained was analyzed statistically using Excel 
2010 (14.0) and computed as mean ± SD, and Student’s 
t-test was applied, and p < 0.05 was accepted as statistically 
signiϐicant. 

Table 1: Serum Calcium, Phosphorus, and Alkaline Phosphatase Concentrations in 
Group I and Group II (MEAN ± S.D.).

           Parameter `       Group I          Group II
Serum calcium (mg/dL)  10.01 ± 0.58*  9.46 ± 0.70

Serum phosphorous (mg/dL)  4.41 ± 0.55  4.58 ± 0.51
Serum alkaline phosphatase (U/L)  331.73 ± 173.69**  120.23 ± 31.78

*p < 0.01 as compared to group II       
**p < 0.001 as compared to group II
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derived from osteoblasts has been reported to mediate bone 
cell-matrix interactions. Osteosarcoma cell lines and primary 
cultures of osteoblast express AChE mRNA, and tissue 
immunohistochemistry localization conϐirmed this, indicating 
that it may be a principal participant in organized bone 
formation and regulates remodeling [15].

In the present study, decreased serum cholinesterase 
levels were observed in osteosarcoma patients when 
compared to group I (p > 0.05, Table 1). Therapeutic beneϐits 
of serum cholinesterase levels have been reported in multiple 
myeloma patients, and the initial low value of cholinesterase 
detected in these patients indicated that cholinesterase has a 
role in the pathology of tumours [16]. Acetylcholinesterase 
expression occurs at the sites of new bone formation, being 
regulated by osteogenic stimuli. Findings of low levels of 
serum cholinesterase levels in the present study demonstrate 
that AChE secreted by osteoblasts is consumed in bone 
formation and tumorigenesis. Studies have reported that 
AChE inhibitors decrease osteoblastic adhesions in MC3T3-EI 
cells and HOBs cultures [17].

Signiϐicantly decreased levels of serum cholinesterase 
levels were noted in Group II when compared to healthy 
pregnant. Serum cholinesterase levels were comparable 
in both groups and slightly higher in preeclamptic than in 
osteosarcoma females.

Signiϐicant changes in maternal bone metabolism occur 
during pregnancy, and the mechanism of maternal placental–
fetal mineral homeostasis and skeletal development during 
pregnancy are still unclear. Cytokines and hormones derived 
from maternal sources possibly inϐluence the placental 
calcium transport to the fetus and have a direct effect on the 
placental function. During early fetal haematopoiesis, non-
neuronal cholinergic system components are expressed, and 
the colonization of the fetal bone with haematopoietic stem/
progenitor cells is affected by nicotine [18]. Nicotine and 
endothelial ACh are proangiogenic factors, and nicotine has 
been reported to promote atherosclerotic plaque growth, 
potentiate endothelial–monocyte interactions, and endothelial 
progenitor cells incorporation into newly established vessels. 
Nicotine has also been demonstrated to stimulate angiogenesis 
during inϐlammation, ischemia, tumour, or atherosclerosis 
and promotes the growth of atherosclerotic plaques, tumours, 
and pathological angiogenesis [19].

Conϐlicting reports are available regarding the status 
of cholinesterase levels in pregnancy. In the present study, 
serum cholinesterase levels of preeclampsia mothers 
were comparable and slightly lower when compared to 
normotensive mothers. Several workers have shown that 
plasma cholinesterase activity declines during normal 
pregnancy [17,20,21]. While others have reported no 
difference in plasma cholinesterase activity between 
preeclamptic and normal pregnancy [22-24].

In preeclamptic, decreased serum cholinesterase activity 
might be due to hemodilution and hypoalbuminemia. Also, 
preeclampsia-induced hepatic dysfunction may be another 
cause for this decline [25]. Lowered CE activity in cord blood 
may be due to smaller liver cell mass in newborns. Also, low 
serum CE and albumin concentrations in cord sera have been 
reported in the literature, indicating a lower liver function 
during this period of life [26].

Perfusion is regulated by endothelial cells and in vascular 
tissue via activation of mAChRs (M3 and M1 subtypes), ACh 
acts as a mediator for releasing Nitric Oxide (NO), endothelium-
derived hyperpolarizing factor, and prostanoids. Non-neuronal 
acetylcholine release from the human placenta is mediated by 
organic cation transporters (OCTs: OCT1 and OCT3 subtypes). 
In cytotrophoblast and some mesenchymal cells in the human 
placenta, ChAT is localised. ACh modulates NO by acting on 
trophoblast cell membrane muscarinic receptors, and these 
signalling interactions may have a physiological relevance at 
the maternal-fetal interface. It has been demonstrated that 
in the placenta, cholinergic recognition sites exist, and the 
placental cholinergic system may have a possible signiϐicant 
role in the pathophysiology of preeclampsia. In the present 
study, CE levels were signiϐicantly raised both in normotensive 
as well as preeclamptic women (p < 0.001 in both cases). 

Nicotinic acetylcholine receptors have been reported to 
mediate angiogenesis in response to diverse stimuli, and 
an endogenous cholinergic pathway exists for angiogenesis 
[27] that might play a role in pathological and therapeutic 
angiogenesis. In human cytotrophoblast cells and immune cells, 
the non-neuronal cholinergic system is expressed as having 
homeostatic regulatory functions [28-30]. The results of the 
present study support a novel role of acetylcholine derived 
from trophoblast cells for modulating antigen-presenting cell 
migration and activation, favoring an immunosuppressant 
proϐile at the maternal-fetal interface during pregnancy for 
the maintenance of immune homeostasis. 

Table 2: CE (μkat/L) Levels in Osteosarcoma and Controls (Mean ± SD).
Control Male (n = 15) Control Female (n = 15)  Group I (n = 30) Cases Male (n = 15) Cases Female (n = 15) Group II (n = 30)

132.21 ± 30.78 116.47 ± 23.0 124.34 ± 27.87 139.43 ± 39.21* 103.17 ± 37.74 121.30 ± 40.80
*p < 0.01 as compared to group II females.

Table 3: CE (μkat/L) Levels in Osteosarcoma, Healthy Pregnant and Preeclamptics (Mean ± SD).
Control female (n = 15) Osteosarcoma female (n = 15) Healthy Pregnant (n = 15) Preeclamptics (n = 15)

116.47 ± 23.0 103.17 ± 37.74 137.77 ± 29.93* 121.09 ± 21.83
*p < 0.01 as compared to group I females.



Expression of Cholinesterase in Bone Tumors, Blood and Cord Blood

 www.obstetricgynecoljournal.com 123https://doi.org/10.29328/journal.cjog.1001178

Endogenous acetylcholine in the normal human maternal–
placental interaction has a boosting effect. In microarray 
studies of term placenta from women treated with choline, 
it was shown that placental and circulating levels of the 
anti-angiogenic factor fms-like tyrosine kinase-1 (sFLT1) 
were decreased, and they proposed it as a pre-eclampsia 
risk biomarker [28]. High maternal choline intake among 
third-trimester pregnant women has been reported to lower 
placental and circulating concentrations of the antiangiogenic 
factor fms-like tyrosine kinase-1 (sFLT1) that was further 
conϐirmed in human trophoblast cell lines, and this was found 
to be associated with enhanced signalling of acetylcholine. 
In contrast, another study reported that pregnancies 
complicated by preeclampsia have very low ACh synthesis 
in the trophoblast cells that are undergoing advanced cell 
degeneration. 

The ϐindings of the present study lend support to the 
studies suggesting that cholinesterase secreted by osteoblasts 
is utilized in bone formation and tumorigenesis [31-33].

Limitations and, future research directions

The sample size was small, and it was conducted at a 
single institution. A larger cohort of multi-centric settings 
could provide more statistically robust results. Bone tumors 
comprise a range of histological subtypes having potentially 
different cholinesterase expression patterns. In the present 
study, only the osteosarcoma cases without metastasis were 
collected, and limited stratiϐication of data by tumor type may 
obscure subtype-speciϐic trends. 

No follow-up was possible in this study, and incorporating 
follow-up data in larger, multi-centric cohorts to observe 
cholinesterase expression changes over time and during 
treatment can offer insights into its potential as a prognostic 
marker. 

Future studies investigating the relevance of cord blood 
cholinesterase expression are required in predicting future 
risk or susceptibility to bone tumors or other malignancies.

Conclusion
The ϐindings of the present study suggest that dysregulation 

of the non-cholinergic system occurs in various diseases and 
this system can be a promising target for developing newer 
therapeutic strategies. Integration of cholinesterase activity 
analysis in future research with other biomarkers, along with 
transcriptomics or proteomics, would elucidate the clinical 
relevance of cholinesterase in bone tumors and cholinergic 
dysfunction during pregnancy and its potential as a diagnostic, 
prognostic, or therapeutic biomarker.

Declaration

Ethical declaration: Informed patient consent was 
obtained for the data publication from all the groups involved 
in the study (Groups I-IV), and the study was approved by 
the Institutional Review Board for the study. The study 

was conducted adhering to the Declaration of Helsinki 
and approved by the Institutional Review Board (or Ethics 
Committee) of Pt. BDS PGIMS, Rohtak, for studies involving 
humans.

Informed consent statement: Written Informed consent 
was obtained from all subjects involved in the study. 

References
1. Kawashima K, Fujii T. Basic and clinical aspects of non-neuronal 

acetylcholine: Overview of non-neuronal cholinergic systems and their 
biological signiϐicance. J Pharmacol Sci. 2008;106:167-173. Available 
from: https://doi.org/10.1254/jphs.fm0070073 

2. Garcia SC, Wyse AT, Valentini J, Roehrs M, Moro AM, Paniz C, Schmitt 
G, Grotto D, Pomblum VJ. Butyrylcholinesterase activity is reduced in 
haemodialysis patients: is there association with hyperhomocysteinemia 
and/or oxidative stress? Clin Biochem. 2008;41(7-8):474-9. Available 
from: https://doi.org/10.1016/j.clinbiochem.2008.01.005 

3. Bessmel'tsev SS, Rybakova LP, Gritskevich NL, Golota GZ, Blinov 
MN, Abdulkadyrov KM. Diagnostic and prognostic signiϐicance of blood-
serum ceruloplasmin, acetylcholinesterase and total proteolytic activity 
in patients with multiple myeloma. Vopr Onkol. 1999;45:398-404. 
Available from: https://pubmed.ncbi.nlm.nih.gov/10532099/ 

4. Chougule A, Hussain S, Agarwal DP. Prognostic and diagnostic value of 
serum pseudocholinesterase, serum aspartate transaminase, and serum 
alanine transaminase in malignancies treated by radiotherapy. J Cancer 
Res Ther. 2008;4:21-5. Available from: 
https://doi.org/10.4103/0973-1482.39601 

5. Grisaru D, Lev-Lehman E, Shapira M, Chaikin E, Lessing JB, Eldor A, et al.
Human osteogenesis involves differentiation-dependent increases 
in the morphogenically-active 3’alternative splicing variant of 
acetylcholinesterase. Mol Cell Biol. 1999;19:788-95. Available from: 
https://doi.org/10.1128/mcb.19.1.788 

6. Genever PG, Birch MA, Brown E, Skerry TM. Osteoblast-derived 
acetylcholinesterase: a novel mediator of cell-matrix interactions in 
bone? Bone. 1999;24:297-303. Available from: 
https://doi.org/10.1016/s8756-3282(98)00187-2 

7. Ness RB and Sibai BM. Shared and disparate components of the 
pathophysiologies of fetal growth restriction and preeclampsia. 
Am J Obstet Gynecol. 2006;195:40-49. Available from: https://doi.
org/10.1016/j.ajog.2005.07.049 

8. Gluckman PD and Brinsmead MW. Somatomedin in cord blood: 
relationship to gestational age and birth size. J Clin Endocrinol Metab. 
1976;43:1378-81. Available from: 
https://doi.org/10.1210/jcem-43-6-1378 

9. Burkhardt T, Matter CM, Lohmann C, Cai H, Luscher TF, Zisch AH, et al.
Decreased umbilical artery compliance and igf-I plasma levels in 
infants with intrauterine growth restriction - implications for fetal 
programming of hypertension. Placenta. 2009;30:136-141. Available 
from: https://doi.org/10.1016/j.placenta.2008.11.005 

10. Baker J, Liu JP, Robertson EJ and Efstratiadis A. Role of insulin-like 
growth factors in embryonic and postnatal growth. Cell. 1993;75:73-82. 
Available from: https://pubmed.ncbi.nlm.nih.gov/8402902/ 

11. Sferruzzi-Perri AN, Owens JA, Pringle KG, Robinson JS, Roberts CT. 
Maternal insulin-like growth factors I and -II act via different pathways 
to promote fetal growth. Endocrinol. 2006;147:3344-55. Available from: 
https://doi.org/10.1210/en.2005-1328 

12. Proposal of standard methods for the determination of enzyme 
catalytic concentrations in serum and plasma at 37 degrees C.II. 
Cholinesterase (acylcholine acylhydrolase, EC 3.1.1.8).Working Group 
of enzymes, German Society for Clinical Chemistry. Eur J Clin Biochem. 
1992;303:163-70. Available from: 
https://pubmed.ncbi.nlm.nih.gov/1599981/ 



Expression of Cholinesterase in Bone Tumors, Blood and Cord Blood

 www.obstetricgynecoljournal.com 124https://doi.org/10.29328/journal.cjog.1001178

13. Kawashima K, Fujii T. Basic and clinical aspects of non-neuronal 
acetylcholine: Overview of non-neuronal cholinergic systems and their 
biological signiϐicance. J Pharmacol Sci. 2008;106:167-173. Available 
from: https://doi.org/10.1254/jphs.fm0070073 

14. Rothem DE, Rothem L, Dahan A, Eliakim R,  Soudry M. Nicotinic 
modulation of gene expression in osteoblast cells, MG-63. Bone. 
2011;48:903-9. Available from: 
https://doi.org/10.1016/j.bone.2010.12.007 

15. Tsakiris S, Schulpis KH, Papaconstantinou ED, Tsakiris T, Tjamouranis I,
Giannoulia-Karanatana A. Erytrocyte membrane acetylcholinesterase 
activity in subjects with MTHFR 677CT genotype. Clin Chem Lab Med. 
2006;441:23-7. Available from: https://doi.org/10.1515/cclm.2006.005 

16. Bessmel'tsev SS, Rybakova LP, Gritskevich NL, Golota GZ, Blinov MN,
Abdulkadyrov KM. Diagnostic and prognostic signiϐicance of blood-
serum ceruloplasmin, acetylcholinesterase and total proteolytic activity 
in patients with multiple myeloma. Vopr Onkol. 1999;45:398-404. 
Available from: https://pubmed.ncbi.nlm.nih.gov/10532099/ 

17. Howard JK, East NJ, Chaney JL. Plasma cholinesterase activity in early 
pregnancy. Arch Environ Health. 1978;33: 277-79. Available from: 
https://doi.org/10.1080/00039896.1978.10667347

18. Nosse ME, Hartmann S, Trinkaus K, Alt V, Stigler B, Heiss C, et al. 
Expression of the non-neuronal cholinergic system in osteoblast-like 
cells and its involvement in osteogenesis. Cell and Tissue Research. 
2009;338:45-7. Available from: 
https://doi.org/10.1007/s00441-009-0871-1 

19. Wessler I, Kirkpatrick C J. Acetylcholine beyond neurons: the non-
neuronal cholinergic system in humans. Br J Pharmacol. 2008;154:1558–
71. Available from: https://doi.org/10.1038/bjp.2008.185 

20. Evans RT, O’Callaghan J, Norman A. A longitudinal study of 
cholinesterase changes in pregnancy. Clin Chem. 1988; 34:2249-52. 
Available from: https://pubmed.ncbi.nlm.nih.gov/3180418/ 

21. De Peyster A, Willis WO, Liebhaber M. Cholinesterase activity in 
pregnant women and newborns. J Toxicol Clin Toxicol. 1994;32:683-96. 
Available from: https://doi.org/10.3109/15563659409017975 

22. Kambam JR, Mouton S, Entman S, Sastry BV, Smith BE. Effect of 
preeclampsia on plasma cholinesterase activity. Can J Anaesth. 
1987;34:509-11. Available from: https://doi.org/10.1007/bf03014359 

23. Prichard JA. Plasma cholinesterase activity in normal pregnancy and 
clastogenic toxaemias. Am J Obstet Gynecol. 1955;70: 1083. Available 
from: https://doi.org/10.1016/0002-9378(55)90017-x 

24. Harma M, Harma M, Verit F, Kafali H, Artuc H, Demir N. Plasma 
cholinesterase levels in non-pregnant, normal pregnant and 
preeclamptic patients. Hr U Tip Fak Der. 2004:2. Available from: https://
web.harran.edu.tr/assets/uploads/sites/232/arsiv/200412_2.pdf 

25. Weinstein L. Preeclampsia/eclampsia with hemolysis, elevated liver 
enzymes and thrombocytopenia. Obstet Gynecol. 1985;66: 657-60. 
Available from: https://pubmed.ncbi.nlm.nih.gov/4058824/ 

26.  Areekul S, Srichairat S, Churdchu K, Yamarat P. Red cell and serum 
cholinesterase activities in adult and cord blood. J Med Ass Thailand. 
1981;64:510-3. Available from: 
https://pubmed.ncbi.nlm.nih.gov/7256362/ 

27. Paparini, D, Gori S, Grasso E, Scordo W, Calo G, Pérez Leirós C, et al.
Acetylcholine contributes to the control of the physiological 
inϐlammatory response during the peri-implantation period. Acta 
Physiol. 2015;214:237–47. Available from: 
https://doi.org/10.1111/apha.12494 

28. Jiang X, Bar HY, Yan J, Jones S, Brannon PM, West AA, et al. A higher 
maternal choline intake among third-trimester pregnant women 
lowers placental and circulating concentrations of the antiangiogenic 
factor fms-like tyrosine kinase-1 (sFLT1). FASEB J. 2013;27:1245- 53. 
Available from: https://doi.org/10.1096/ϐj.12-221648 

29. Kharb S, Panjeta P, Kala V, Ghalaut VS, Bala J, Nanda S. Cholinesterase 
levels in cord blood in preeclamptics. J Cardiovasc Disease Res. 
2018;9:156-159. Available from: https://pdfs.semanticscholar.
org/8aac/fac470bf7838adfa2c5b54dc4dϐb01c06b2d.pdf 

30. Mohammad FK, Mohammed AA, Garmavy HM, Rashid HM. Association 
of reduced maternal plasma cholinesterase activity with preeclampsia: a 
meta-analysis. Cureus. 2023;15(10): e47220. Available from: 
https://doi.org/10.7759/cureus.47220 

31. Chen J, Cheuk IWY, Shin VY, Kwong A. Acetylcholine receptors: Key 
players in cancer development. Surg Oncol. 2019;31:46-53. Available 
from: https://doi.org/10.1016/j.suronc.2019.09.003 

32. Pérez-Aguilar B, Marquardt JU, Muñoz-Delgado E, López-Durán 
RM, Gutiérrez-Ruiz MC, Gomez-Quiroz LE, et al. Changes in the 
acetylcholinesterase enzymatic activity in tumor development and 
progression. Cancers. 2023; 15(18):4629. Available from:
https://www.mdpi.com/2072-6694/15/18/4629 

33. Richbart, SD, Merritt JC, Nolan NA, Dasgupta P. Acetylcholinesterase 
and human cancers. Adv Cancer Res. 2021; 152:1-66. Available from: 
https://doi.org/10.1016/bs.acr.2021.05.001


