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* CORRESPONDENCE ABSTRACT

Asad Vaisi-Raygani Objectives: In this study the association of phenotypes and activity of butyrylcholin-
Tel:+98 8314275494 esterase (BuChE) with serum level of lipid-lipoprotein and apolipoproteins during var-

ious phases of menstrual-cycle was determined.
CLBEE CHLBIEERD Methods: The study population consisted of 22 healthy women aged 19-25 years
E-mail:avaisiraygani@gmail.com with regular menstrual cycles, 26—30 days in length. The serum levels of lipids,
apolipoproteins, and BUChE activity were determined during menses (days 1-2 after
the beginning of menstruations), follicular (days 7-8) and luteal (days 21-22) phases
of the menstrual cycle.
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Introduction
uman butyrylcholinesterase (BuChk) is (succinylcholine) as well as of organophosphate
predominantly synthesized by the liver as andcarbamate insecticides [2-6].

a glycoprotein and is more abundant in
the serum [1]. BuChE cleaves hydrophilic and
hydrophobic choline esters and hydrolyzes a va-
riety of xenobiotics as a bioscavenger of drugs

More than 30 variants of serum cholinesterase
have been described. The carriers of some of var-
iants of BUChE (non-wild type (Non-UU) such as
the atypical (A), the silent (S) and the fluoride-
resistant (F) variants are prone to develop pro-
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longed apnea following the administration of the
muscle relaxant succinylcholine [7-8]. Five phe-
notypes of nine non-wild type of BUChE (BChE-
aa/ as/ af/ ss/ sf) are associated with low butyryl-
cholinesterase activity and hypersensitivity to
muscle relaxants succinylcholine and mivacuri-
um [6-13].

The physiologic function of plasma cholines-
terase remains unresolved [6]. We have recently
shown the association between serum BuChE
activity and phenotype with lipid profile in stroke
patients [14 18]. BuChE enzymatic activity has
been shown to be high in individuals with hyper-
tension, hyperlipidemia and high body weight
and low in individuals who had suffered acute
myocardial infarction or undergone treatment
with beta blockers [15-18, 19-22].

The activity of BUChE has been shown corre-
latedwith plasma low density lipoprotein choles-
terol (LDL-C), high density lipoprotein choles-
terol (HDL-C) and triacylglycerol (TG) concen-
trations [19-22, 23-26]. Besides cholinesterase,
the ability of estrogens and other sex hormones to
change plasma lipid and lipoprotein levels have
been shown [23-26, 27-30]. Due to importance of
sex hormones on lipid metabolism and alteration
of these hormones during menstrual-cycle, level
of lipid and lipoprotein have been studied during
menses, follicular and luteal-phases of menstrual-
cycle [23-28, 27-32]. Gevorkian et al. have found
that estradiol propionate induces tyrosine trans-
aminase and acetylcholinesterase but has not ef-
fect on butyrylcholinesterase [29 33]. Mahmoud
et al. have demonstrated that elevated BuChE
activity in normal pregnancy may correlate with
better ability to clear pregnancy-threatening tox-
ins [30, 31, 34-35].

To our knowledge, there are no published re-
ports related to the effect of menstrual cycle on
the activity of BUChE and its phenotypes. Due to
the cycling nature of circulating levels of sex
hormones in premenopausal women and their
possible impact on the activity of BuChE, in this
study we evaluated association between the se-
rum BuChE phenotypes and activity and lipids,
lipoproteins and hormonal levels during various
phases of the menstrual-cycle.

Materials and Methods

The study population consisted of 22 healthy
women aged 19-25 years with regular menstrual-
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cycles of 26-30 days in length (28+£2 days). The
inclusion criteria for the study were as follow:

1) Regular menstrual-cycles of 26-30 days, with
the cycle length not changing by more than two
days for the three prior months, 2) not taking any
type of oral contraceptives or lowering lipid
drugs for at least one year prior to study, 3) not
being pregnant or lactating for one year prior to
enrolment in the study, 4) body mass index <25
Kg/m?, 5) no past chronic illness, 6) no liver
problem (normal level of alanine aminotransfer-
ase, glutamic aminotransferase, alkaline phospha-
tase and bilirubin), 7) non-smoking and no histo-
ry of drinking alcohol, and 8) not taking any type
of anti-inflammatory or others drugs for the two
prior cycle. The subjects fulfilling the inclusion
criteria were asked to participate in this research
project. Written informed consent was obtained
from all those enrolled, according to the criteria
of the Ethical Committee of Hamadan University
of Medical Sciences.

Sample collection

Blood samples were obtained in menses (days
1-2 after the beginning of menstruations), follicu-
lar (days 7-8) and luteal-phases (days 21-22) of
the menstrual-cycle. In addition, the length of
menstrual-cycle of each participant was noted.
The blood samples were collected between 8:30
and 10:30 am after the overnight fasting.

Biochemical analysis

BuChE activity and phenotypes were deter-
mined according to the method of Whittaker us-
ing benzoylcholine chloride (50 umol/L) as sub-
strate in the presence or absence of the inhibitor
drugs dibucaine hydrochloride (10 pmol/L) and
sodium fluoride (50 umol/L) [for determination
of dibucaine (DN) and fluoride (FN) numbers], at
240 nm and at 25°C. Serum was pre-diluted 1 to
100 with phosphate buffer (pH 7.4, 133 mmol/L)
[13].

One unit of BuChE is defined as the amount
of enzyme required to hydrolyze 1 pmol of ben-
zoylcholine chloride per minute at standard assay
conditions. BUChE activity, DN and FN were
calculated as a follow.

Serum BUChE (IU/L) = AA/ min x 30.3x10°

DN or FN = (1- AA/ min with inhibitor/AA/min
without inhibitor) x100

The serum levels of lipid, lipoproteins,
apolipoproteins and LP(a) level were measured
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by commercially available
kits(Pars Azmon Kit, Iran).

enzyme  assay

Statistical analysis

BuChE activity, levels of lipids, apolipopro-
teins were compared among the three different
phases of the menstrual-cycle using the ANOVA.
The correlation values of serum parameters
measured, with BUChE activity and phenotypes
among the three different phases of the menstru-
al-cycle were calculated using Pearson correla-
tion, linear regression and an unpaired t-test,
ANOVA and post-hoc-Tukey. Statistical signifi-
cance was assumed at the P<0.05 level. The
SPSS statistical software package version 16 was
used for the statistical analysis.

Results

Among thirty subjects who were enrolled,
twenty-two women completed the study. Age of

participants and length of the menstrual-cycles
were 21.7+0.27 years and 28.2+0.25 days, re-
spectively. The BUChE activity and the serum
levels of lipids, lipoproteins, and apolipopro-
teinsat menses, follicular and luteal-phases of the
menstrual-cycle are reported in Table 1.

TheBuChE activity was (890+292 IU/L) the
highest during the follicular-phase, which was
significantly different from the luteal (707+211
IU/L, P=0.04) and the menses-phases (831 + 222
IU/L, P=0.048). The levels of serum LDL-C
(P=0.001), TC (P=0.005), TG (P=0.032) and
APOB (P=0.012) were significantly higher and
levels of HDL-C (P<0.001) and APOAl
(P=0.004) were significantly lower in the follicu-
lar-phase compared to those in the luteal and
menses-phases. We did not observe any signifi-
cant differences in the concentration of other pa-
rameters during menstrual-cycle.

Table 1. Comparison activities and levels of the studied parameters during the menses, follicular and luteal phases of men-

strual-cycle in a population from west Iran (n=22)

Parameters Menses-phase Follicular-phase Luteal-phase
I 8314222 8904292

BuChE Activity' 1U/L p=0.1 °p=0.04 2074211
®P=0.048
1.27+0.46

LDL-C (mmol/L) #P=0.2 EA 1+0.35
’P=0.13 "
1.26+0.26

HDL-C (mmol/L) #P=0.22 %‘F}_lg%gf 1.49+0.27
®p=0.018 e
3.741.25

TC (mmol/L) p=0.07 ?lf’_loié(')% 3.3+1.16
’P=0.58 e
0.64+0.29

TG (mmol/L) 3p=0.02 Qg’f’g%gg 0.67+0.33
*P=0.98 e
143+22.2

ApoAl (mg/dL) P=0.85 cgﬁ%ﬁf& 163+25
®P=0.017 I
21.8+18.5

LPO(a) (mg/dL) *Pp=0.86 24.5+18.2 15+14.3
b P=0.86

P=0.4

91+17.4

ApoB (mg/dL) P=0.46 "%7—1018624 81+11.8
®P=0.079 I

Fumol L—1min—1 at 25°C, substrate (benzoylcholine chloride).

%, ®p and °p parameters compared between menses with follicular, menses with luteal and follicular with luteal-phases, respectively.
BuChE, Butyrylcholinesterase ; TC, Total cholesterol; TG, Triglyceride; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density
lipoproteincholesterol; APoAl, Apolipoprotein A-1; LPO (a), Lipoprotein a; ApoB, Apolipoprotein B.

Correlations between BuChE activity and se-
rum levels of lipids, lipoproteins, and apolipopro-
teins for each phase of menstrual-cycle and over-

all in the menstrual-cycle are shown in Table 2.
We found a positive correlation between BuChE
activity and levels of LDL-C (r=0.49, P=0.025)

Avi J Med Biochem 2013; 1(1): 23-29.
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and TG (r=0.47, P=0.033) in the menses-phase. licular and luteal-phases of the menstrual- cycle
In the follicular-phase, we observed a positive are presented in Table 3. BUChE activity was
correlation between BUChE activity with LDL-C significantly different between UU and non-UU
(r=0.34, P=0.038). In the luteal-phase, the carriers in the follicular-phase (P=0.048), how-
BuChE activity on the other hand, was negatively ever HDL-C, total cholesterol (TC), TG an-
correlated with the levels of Lp(a) (r=-0.53, dAPOAL levelswere different between UU and

P=0.021). We did not found any significant cor- non-UU carriers in the follicular-phase but not
relation between BuChE activity and other pa- significant. Overall, we observed higher level of
rameters for each phase of menstrual-cycle and TC and lower levels of HDL-C and APOAL in
overall in the menstrual-cycle. non-UU compared to UU carriers in all three-

phases of the menstrual-cycle, other parameters

Association - of - BUChE-phenotypes — with showed no significant differences.

BuChE activity and serum levels of lipids, lipo-
proteins and apolipoproteinsfor the menses, fol-

Table 2.Correlation between BuChE activity with activities and levels of parameters have been compared various phases of
menstrual-cycle and overall menstrual-cycle (n=22)

BUChE activity of BUChE activity BuChE activi- BuChE activity of
menses-phase of follicular-phase ty of luteal-phase  overall menstrual-cycle
r=0.4 r=0.34 r=0.4
LDL-C (mmol/L) P=0.025 P=0.038 NS P=0.001
HDL-C (mmol/L) NS NS NS NS
r=0.304
TC (mmol/L) NS NS NS P=0.015
r=0.47 r=0.32
TG (mmol/L) P=0033 NS NS P=001
ApoAl (mg/dL) NS NS NS NS
r=-0.53 r=-0.29
LPO(a) (mg/dL) NS NS P=0.021 P=0.021
ApoB (mg/dL) NS NS NS NS

BuChE, Butyrylcholinesterase ; TC, Total cholesterol; TG, Triglyceride; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density
lipoproteincholesterol; APoA1,Apolipoprotein A-I; LPO (a), Lipoprotein a; ApoB, Apolipoprotein B; NS, Non-significant.

Table 3. Association of BuChE-phenotypes (UU (n=17) and None-UU (n=5)) with BUChE activity, activities and levels of parameters com-
pared during various phases of menstrual-cycle and overall menstrual-cycle

BUChE phenotype Menses-phase (n=22) Follicular-phase (n=22) Luteal-phase (n=22)  Overall menstrual-cycle
uu None-UU uu None-UU uu None-UU uu None-UU
BuChE activity 866+320 831+£209 1070+475° 861+210 756+353 710£193 910+405 801+204

(IUL)
LDL-C (mmol/L) 1.24+0.29 1.3+0.52 1.53+0.47 1.54+0.59 1.01+0.37 1.01+0.32 1.26+0.53 1.27+0.4

HDL-C (mmol/L) 1.44#0.15 1.21#0.28  1.28+0.16  1.07#0.9  1.6+0.3 144+0.12 1.4+0.19° 1.24+0.32
TC (mmol/L) 355+0.21  4.3+1.24  43+125  544+51 324101  3.9+63  3.68+1.24° 4.56+1.48
TG (mmol/L) 0.64+0.3 0.72#0.32  0.89+0.37 1.29+0.01  0.66+0.34 0.77+0.34 0.71+0.34  0.92+0.5
ApoAl (mg/dL) 1564132 14124 136420  155+19.6 1804265 159+10.6 145+24.5°  164+14
LPO(a) (mg/dL)  17.2#11.7 22.1+205  222+19.3 23.7#18.2 11+10.7 153+12.6 16.8+14.2 20.6+17.7
ApoB (mg/ dL) 91420 94+12  95.3+149  102+23 79+¢115 86143 89+17 94+17.2

P and ¢ is significant differences between carrier BUChE U/Uand Non-U/U(U/A,U/F,U/S) phenotypes in the follicular phase and overall of
menstrual-cycles, respectively (P<0.05). BUChg, Butyrylcholinesterase ; TC, Total cholesterol; TG, Triglyceride; LDL-C, Low-
density lipoprotein cholesterol; HDL-C, High-density lipoproteincholesterol; APoAl, Apolipoprotein A-1; LPO (a), Lipoprotein a; ApoB,
Apolipoprotein B.
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Discussion

This study is unique in that it provides im-
portant data for the effect of menstrual-cycle on
the activity of BUChE. We found significant dif-
ferences between activities of BuChE during
three-phases of menstrual-cycle. The BUChE ac-
tivity in the luteal phase was significantly lower
than that in menses and follicular phases.

We analyzed the lipid profiles during men-
strual-cycle, it was observed that the levels of
serum LDL-C, TC, TG and ApoB at follicular-
phase were significantly higher than those at the
menses and luteal-phases (follicular-
phase>menses-phase>luteal-phase). = However,
the levels of HDL-C and APoAl were signifi-
cantly higher at luteal-phase compared to the fol-
licular-phase (luteal-phase>menses
phase>follicular-phase). These results are con-
sistent with the results of previous studies
[32,33,36,37] demonstrating a significant in-
crease in the level of HDL-C during the luteal-
phase compared with the follicular-phase of the
menstrual-cycle. These findings together are in
accord with Barnett et al. [23, 27] hypothesis of
association between lipid and lipoprotein profile
with decreased risk of CHD during the luteal-
phase compared with the follicular-phase of the
menstrual-cycle.

Interestingly, we found a positive and signifi-
cant correlation between BUChE activity with the
levels of LDL-C and TG in the menses and LDL-
C in follicular-phase and negative correlation
with Lp(a) concentrations in luteal-phase. In ad-
dition, a positive and significant correlation was
found between BuChE activity with LDL-C, TC
and TG levels and inverse significant correlation
with LP(a) level in all three-phases of the men-
strual cycle. These findings are consistent with
the results of other studies indicated a positive
association between BuChE activity and serum
cholesterol and triglyceride concentrations
[14,17,18, 20-22, 24, 26] and the reports of an
inverse association between BuChE activity with
HDL-cholesterol [14,17, 18, 21]. These results
together suggest that significant fluctuations ob-
served in lipid profiles levels. We suggest further
work to confirm these results.

The results of this study indicated that BuChE
activity in the follicular-phase is significantly dif-
ferent between UU and non-UU carriers. During
menstrual cycle TC and TG levels were signifi-
cantly higher in carriers of non-UU compared to

UU-phenotypes carriers. In addition, HDL-C and
APOAL level was significantly higher in UU-
phenotype carriers compared to non-UU-
phenotype carriers.

The importance of increased BuChE activity
in follicular-phase is not clear. Mahmouda et al.
[30,31] have demonstrated an elevated BuChE
activity in normal pregnancy and reported a posi-
tive correlation between BUChE activities with
recurrent spontaneous abortion (RSA). The toxic
metabolites released upon T-cell activation in
RSA may be responsible for the observed elevat-
ed BUChE activity in RSA patients. The positive
correlation of BUChE activity with total antioxi-
dant capacity was reported in gestational diabe-
tes, healthy pregnancies and non-pregnant
healthy controls [30-31, 34-35, 37]. Thus, the
homeostasis of BUChE activity in the human fe-
male reproductive tract may be of importance.

Conclusion

Our results demonstrate that serum BuChE ac-
tivity elevates during menstrual cycle. It is low
during luteal phase and reaches to a high level in
follicular-phase. The lipid profiles are also af-
fected by BuChE activity throughout the men-
strual-cycle in reproductive aged, regularly cy-
cling and young healthy women. In addition, car-
riers of the non-UU-phenotypes had higher levels
of serum TC and TG and lower levels of HDL-C
compared to UU-phenotype carriers. Further-
more, we have two speculates based on our re-
sults in this study: 1) in carriers of the non-UU-
phenotypes the risk of prolonged apnea may be
more increases after receiving a muscle relaxant
such as succinylcholine or mivacurium might
during the luteal-phase than that of the follicular
and menses-phase of menstrual-cycle. We sug-
gest further work to confirm this speculate 2)
BuChE activity may play a role in the regulation
of menstrual-cycle. Further works is necessary to
confirm this hypothesis.

Acknowledgment

This research was supported by a grant
(N0.90020) from Kermanshah University of
Medical Sciences.

Conflict of interest

The authors report no conflict of interest.

Avi J Med Biochem 2013; 1(1): 23-29.



28 Serum butyrylcholinesterase activity and menstrual cycle

References

1. La Du BN, Bartels CF, Nogueira CP, Arpagaus O,
Lockridge M. Proposed nomenclature for human
butyrylcholinesterase genetic variants identified by
DNA sequencing. Cell Mol Neurobiol 1991;
11:79-89.

2. Massoulié J, Pezzementi L, Bom S, Krejci E. Mo-
lecular and cellular biology of cholinesterase. Prog
Neurobio 1993; 41:31-41.

3. Muller TC, Rocha JB, Morsch VM, Neis RT,
Schetinger MR. Antidepressants inhibit human ac-
etylcholinesterase and butyrylcholinesterase activi-
ty. Biochim Biophys Acta 2002; 1587: 92-8.

4. Lockridge O. Structure of human serum cholines-
terase. Bioessays 1988; 9:125-8.

5. Mehrani H. Simplified procedures for purification
and stabilization of human plasma butyrylcholin-
esterase. Proc Biochem 2004; 39:877-82.

6. Valle A, O’Connor TC, Taylor P, et al. Butyryl-
cholinesterase: association with the metabolic syn-
drome and identification of 2 gene loci affecting
activity. Clin Biochem 2006; 52:1014-20.

7. Kalow W. Human pharmacogenomics: the devel-
opment of a science. Hum Genomics 2004; 1:375-
80.

8. Vaisi-Raygani A, Rahimi Z, Kharrazi H, Tavilani
H, Amminian M, Pourmotaabed T. Determina-
tion of butyrylcholinesterase (BChE) phenotypes
to predict the risk of prolonged apnea in persons
receiving succinylcholine in the healthy population
of Western Iran. Clin Biochem 2007; 40:629-33.

9. Lockridge O, Masson P. Pesticides and susceptible
populations: people with butyrylcholinesterase ge-
netic variants may be at risk. Neurotoxicology
2000; 21:113-26.

10.Brock A, Brock V. Factors affecting inter-
individual variation in human plasma cholinester-
ase activity: body weight, height, sex, polymor-
phism and age. Arch Environ Contam Toxicol
1992; 24:93-9.

11.Evans RT. Cholinesterase phenotyping: clinical
aspects and laboratory applications. CRS Crit Rev
Clin Lab Sci 1986; 23:35-64.

12.Lando G, Mosca A, Bonora RM, Azzario F, Penco
S, Marocchi A. Panteghini MC. Frequency of bu-
tyrylcholinesterase gene mutations in individuals
with abnormal inhibition numbers: an Italian-
population  study. Pharmacogenetics  2003;
12:265-70.

13.Whittaker M. In: BackmanKarger L, editor. Cho-
linesterase monographs inhumans, genetics, vol.
11. Switzerland: R.L. Basel; 1986. p.1-90.

Avi J Med Biochem 2013; 1(1): 23-29.

14. Vaisi-Raygani A, Tavilani H, Rahimi Z, Zahrai
M, Sheikh N, Aminian M, Pourmotaabed T. Se-
rum butyrylcholinesterase activity and phenotype
associations with lipid profile in stroke patients.
Clin Biochem 2009; 42:210-14.

15. Darvesh S, Hopkins DA, Geula C. Neurobiology
of butyrylcholinesterase. Neuroscience 2003;
4:131-7.

16. Alcantara VM, Chautard-Freire-Maia EA, Scar-
tezini M, Cerci MS, Braun-Prado K, Picheth G.
Butyrylcholinesterase activity and risk factors for
coronary artery disease. Scand J Clin Lab Invest
2002; 62:399-04.

17. Magarian EO, Dietz AJ. Correlation of cholines-
terase with serum lipids and lipoproteins. J Clin
Pharmacol 1987; 27:819-20.

18. Berry WTC, Cowin PJ, Davies DR. A relationship
between body fat and plasma pseudo-
cholinesterase. Br J Nutr 1954; 8:5-7.

19. Abbott CA, Mackness MI, Kumar S, et al. Rela-
tionship between serum butyrylcholinesteraseac-
tivity, hypertriglyceridaemia and insulin sensitivity
in diabetes mellitus. Clin Sci (Lond) 1993; 85:77—
81.

20. Alcantara VM, Oliveira LC, Rea RR, Suplicy HL,
Chautard-Freire-Maia EA. Butyrylcholinesterase
activity and metabolic syndrome in obese patients.
Clin Chem Lab Med 2005; 43: 285-8.

21. Kutty KM, Payne RH. Serum pseudocholinester-
ase and very-lowdensity lipoprotein metabolism. J
Clin Lab Anal 1994, 8:247-50.

22. Rustemeijer C, Schouten JA, Voerman HJ,
Beynen AC, Donker AJ, Heine RJ. Is pseudo-
cholinesterase activity related to markers of tri-
acylglycerol synthesis in type Il diabetes mellitus?
Clin Sci (Lond) 2001; 101:29-35.

23. Barnett JB, Woods MN, Lamon-Fava S, et al.
Plasma lipid and lipoprotein levels during the fol-
licular and luteal phases of the menstrual cycle. J
Clin Endocrinol Metab 2004; 89: 776-82.

24. Woods M, Schaefer EJ, Morrill A, et al. Effect of
menstrual cycle phase on plasma lipids. J Clin En-
docrinol Metab 1987; 65:321.

25. Reed RG, Kris-Etherton P, Stewart PW, Pearson
TA. Variation of lipids and lipoproteins in
premenopausal women compared with men and
postmenopausal women. DELTA (Dietary Effects
on Lipoproteins and Thrombogenic Activity) in-
vestigators. Metabolism 2000; 49:1101-05.

26. Muesing RA, Forman MR, Graubard BI, et al.
Cyclic changes in lipoprotein and apolipoprotein
levels during the menstrual cycle in healthy


http://www.ncbi.nlm.nih.gov/pubmed/14764796
http://www.ncbi.nlm.nih.gov/pubmed/14764796

Vaisi-Rayganiet al 29

premenopausal women on a controlled diet. J
ClinEndocrinolMetab 1996; 81:3599-603.

27. Esposito K, Ciotola M, Maiorino Ml, et al. Hyper-
lipidemia and sexual function in premenopausal
women. J Sex Med 2009; 6:1696—703.

28. Salonia A, Pontillo M, Nappi RE, Zanni G, Fabbri
F, Scavini M, Daverio R, Gallina A, Rigatti P,
Bosi E, Bonini PA, and Montorsi F. Menstrual cy-
cle-related changes in circulating androgens in
healthy women with self-reported normal sexual
function. J Sex Med 2008; 5:854-63.

29. Gevorkian ES, Sarkisian EG, Panosian GA. In-
duction of various enzymes in the rabbit uterus
with estradiol. Vopr Med Khim 1982; 28:45-8.

30. Mahmoud F, Haines D, Abul H, Omu A. Butyryl-
cholinesterase activity and pregnancy-associated
differences in immunologically relevant peripheral
blood leukocyte populations. AJRI 2003; 50:77—
82.

31. Mahmoud F, Abul H, Haines D, et al. Butyryl-
cholinesterase activity and lymphocyte subpopula-
tions in peripheral blood of Kuwaiti women expe-
riencing recurrent spontaneous abortion. J Reprod
Immunol 2008; 77:186-94.

32. Mattsson LA, Silfverstolpe G, Samsioe G. Lipid
composition of serum lipoproteins in relation to
gonadal hormones during the normal menstrual
cycle. Eur J Obstet Gynecol Reprod Biol
1984;17:327-35

33. Nduka EU, Agbedana EO. Total cholesterol, high
density lipoprotein cholesterol and steroid hor-
mone changes in normal weight women during the
menstrual cycle. Int J Gynecol Obstet 1993;
41:265-68.

34. Fairbrother A, Wagner SL, Welch S, Smith BB.
Influence of menstrual cycle on serum cholinester-
ase. Environ Res 1989; 49:181-9.

35. Randell EW, Mathews MS, Zhang H, Seraj JS,
Sun G. Relationship between serum butyrylcholin-
esterase and the metabolic syndrome. Clin Bio-
chem 2005; 38:799-805.

36. Calderon-Margalit R, Adler B, Abramson JH,
Gofin J, Kark JD. Butyrylcholinesterase activity,
cardiovascular risk factors, and mortality in mid-
dle-aged and elderlymales and females in Jerusa-
lem. Clin Chem 2006; 52: 845-52.

37. Omu AE, Al-Azemi MK, Omu FE, et al. Butyryl-
cholinesterase activity in women with diabetes
mellitus in pregnancy: correlation with antioxidant
activity. J Obstet Gynaecol 2010; 30: 122-6.

Avi J Med Biochem 2013; 1(1): 23-29.


javascript:AL_get(this,%20'jour',%20'Vopr%20Med%20Khim.');
javascript:AL_get(this,%20'jour',%20'J%20Reprod%20Immunol.');
javascript:AL_get(this,%20'jour',%20'J%20Reprod%20Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fairbrother%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagner%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Welch%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20BB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/2753004
http://www.ncbi.nlm.nih.gov/pubmed/2753004
javascript:AL_get(this,%20'jour',%20'Environ%20Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Omu%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Al-Azemi%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Omu%20FE%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Obstet%20Gynaecol.');

