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Decreased Serum Cholinesterase Activity-
A Reliable Diagnostic Aid for Tuberculosis
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ABSTRACT control (n=31), Group 2: lung disease control (n=31) and
Introduction: Siderophore, the low molecular weight ferric ~ Group 3: patients suffering from TB {3A: pulmonary TB (n=31)
iron chelator, is secreted extracellularly by Mycobacterium and 3B: extrapulmonary TB (n=31)}. Serum ChE activity for
tuberculosis, an obligate aerobe. The pathogenic mycobacteria @l the subjects were measured according to the method of
need iron as co-factor for the extracellularly secreted enzyme  Hestrin S. Serum ChE level was assayed for group 3 subjects
Superoxide Dismutase (SOD) for its pathogenicity as well as after additional one month’s anti-TB drug treatment and also
it requires iron for its metabolic functions like reduction of for group 2 subjects after one month with usual treatment. The
oxygen for synthesis of Adenosine Triphosphate (ATP), etc. level of significance was assessed using Student’s t-test.

The termination of impulse conduction is endorsed by the Results: There was a significant inhibition of serum ChE
rapid hydrolysis of Acetylcholine (ACh) by Acetylcholinesterase  activity in both pulmonary and extrapulmonary TB patients in
(AChE) in the central as well as peripheral nervous system comparison to that of in normal control as well as lung disease
(cholinergic pathway). The inhibitors to Cholinesterase (ChE)  control subjects (p<0.01). With the anti-tubercular drug therapy
might lead to accumulation of ACh, hyper stimulation of  for one month, there was significant recovery in the serum ChE

nicotinic and muscarinic receptors and also disruption of  activity in pulmonary as well as extrapulmonary tubercular
neurotransmission. Possibility of an inhibitor substance for  subjects (p<0.01).

AChE in Tuberculosis (TB) patients interestingly correlates with

) . : Conclusion: It appears that the high level of hydroxamate type
the symptom of night sweating in those subjects.

of siderophores (secreted by Mycobacterium tuberculosis for
Aim: To assay the level of serum ChE in normal control, lung acquiring iron) might form ACh ferric hydroxamate complex
disease control and tubercular subjects;circumvent the serum binding more strongly with serum ChE resulting in inhibition of
ChE level as a diagnostic potential in TB at an early stage. serum ChE activity in tubercular subjects. With anti-tubercular
Materials and Methods: The study was conducted on total 124  drug therapy, there was decrease in serum ACh ferric hydroxamate
subjects, and were divided into three groups: Group 1: normal  complex level resulting in recovery of serum ChE activity.

Keywords: Acetylcholine ferric hydroxamate complex, Extrapulmonary tuberculosis, Pulmonary tuberculosis, Siderophore

INTRODUCTION the key signs and also the degree of night sweat is an indicator of
Worldwide, TBis one of the 10 causes of death and the leading cause the body’s level of infection. In the published literature, the excess
from a single infectious agent {more than Human Immunodeficiency ~ ©f Tumour Necrosis Factor Alpha (TNF-o) as secreted by migratory
Virus, Acquired Immunodeficiency Syndrome (HIV/AIDS) cases). TB macrophages, had been implicated as the important factor for fever,
remains the top most killer from single infectious disease claiming ~ Weakness, night sweating, necrosis and progressive weight loss in
over 4000 lives a day globally on an average. Also, globally India TB [6]. But the recent publication had foreclosed this hypothesis
has to bear the major burden (27%) of tubercular subjects [1]. At and abdicated any specific reason for it and declared the causation
present, there does not exist a simple and rapid diagnostic test for ~ Of night sweating as unanswered [7].

TB; no simple and licensed serological test for diagnosing as wellas  To unravel the cause of night sweating, the author had mulled the
monitoring the course of TB treatment. Though withthe endorsement  possible important role of siderophores, secreted by pathogenic
of the newer diagnostics for TB there is a noteworthy influence on  Mycobacterium tuberculosis, to play with ACh and ChE. In this study,
the global campaign against TB, till then their full impact on the  the serum ChE had been assayed separately as two groups for

global campaign against TB is yet to be evaluated [2]. Even with i imonary tubercular as well as extrapulmonary tubercular subjects.
the introduction of very recent diagnostics for TB, the gap between

global estimates of incidence and new case notification is 4.1 million
people. More accurate, rapid and cost-effective screening tests are
needed to improve case detection [3].

Mycobacterium tuberculosis has an elaborate system for acquiring
iron by involving the abundant export of extra-cellular siderophores [8].
Iron is the important co-factor of the iron co-factored SOD secreted
by the pathogenic mycobacteria, which has a role in the pathogenesis
of TB [9]. ChE is a family of enzymes having high catalytic activity and
catalysing the hydrolytic breakdown of the neurotransmitter ACh into
serum ChE level in pulmonary tubercular subjects only and had  geetic acid and choline; each molecule of ChE degrading about 25000
reported inhibition of serum ChE activity in those subjects [4]. The  mojecules of ACh in one second. This reaction is really necessary for
other noteworthy paper published on serum ChE level showed the  gjiowing the cholinergic neuron to come back to its resting phase after
ratio of pleural fluid and serum ChE level for differentiating pleural being activated. The liberated choline is taken up by the pre-synaptic
transudate from exudate [5]. nerve and the neurotransmitter ACh is formed by the combination with
There are many symptoms of TB. Out of these, there are a few key ~ Acetyl-CoA (acetyl coenzyme A) through a single step biosynthetic
signs. Night sweat that is sweating profusely during night is one of  reaction catalysed by the enzyme choline acetyl transferase [10].

There are a very few researches published relating the serum ChE
level in TB. Nag D and Dey SC had conducted a study measuring
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The research aimed to study the serum ChE activity in tubercular
subjects, specially its activity to hydrolyse bound acetycholine
ferric hydroxamate complex, if it was formed in the serum of
tubercular subjects.

MATERIALS AND METHODS

The cohort study was conducted at BS Medical College and
Hospital, West Bengal, India, from June, 2004 to April, 2007.
Permission for the study was obtained from the Institution Ethical
Committee, BS Medical College and Hospital, Bankura (vide Memo
no.3/BSMC/04 dt 14-05-2004).

A total of 124 participants (aged 8-62 years) were enrolled. The
study was conducted in two phases. In the first phase total 60
participants were enrolled and was conducted between June, 2004
to July, 2004. The second phase was conducted between March,
2007 and April, 2007 and the total number of subjects enrolled were
84. Before collection of blood, a verbal consent was taken from
the tubercular patients as well as from the normal control and lung
disease control subjects.

The following groups of subjects were taken into consideration:

1. Normal control subjects: (31 subjects) These were relatives of
the patients with TB but without any clinical signs, symptoms
or X-ray finding suggestive of TB or any sort of diseases. They
were sputum negative for Acid Fast Bacilli (AFB).

2. Lung disease control subjects: (31 subjects) These were
the patients suffering from Respiratory Tract Infection (RTI)
or bronchiectasis or bronchial asthma or bronchogenic
carcinoma; and certainly not suffering from TB. That they were
not suffering from TB, was confirmed by clinical examination as
well as investigative procedures like: (I) chest X-ray; (Il) sputum
for AFB; (Ill) ELISA technique for serodiagnosis of TB; (IV) assay
of lipoarabinomannan in serum and urine. They were selected
from the patients attending the Out Patient Department (OPD).

3. Tubercular (TB) subjects: The patients with TB (irrespective
of age, sex and socio-economic status) attending the OPD,
and also TB patients admitted in the Isolation Ward of the
same hospital were taken into account. The TB patients
were diagnosed clinically by characteristic symptoms and
signs as well as by other investigative procedures like
radiological investigation, sputum for AFB, Fine Needle
Aspiration and Cytology (FNAC) whenever possible, ELISA
technique for serodiagnosis (detection of Myco-specific serum
immunoglobulin levels) [11], detection of lipoarabinomannan
(the secreted antigen of mycobacteria) in the serum and urine
of the subjects [12]. The tubercular subjects were divided
into two groups, of 31 patients in each. Group A: included
the subjects suffering from pulmonary TB; Group B: included
subjects suffering from extrapulmonary TB (lymphatic TB,
pleural TB, abdominal TB, disseminated TB and bone TB). In
these TB subjects, the anti-TB (A-TB) drug therapy was started
between 0-15 days.

In this study, besides the 62 TB patients, there were also some TB
subjects enrolled for the study; but later on, they were diagnosed
as Multi-Drug Resistant TB (MDR-TB) cases. Notwithstanding,
those subjects were omitted from the field of result section; but
the estimation of serum ChE in those MDR-TB subjects had
indoctrinated a great envisage to diagnose the drug resistant (both
primary and secondary) cases at an early period. In the discussion
section, it had been elaborated.

In this study, all the subjects (groups 1,2 and 3) having normal liver and
kidney function, normal serum glucose level were considered. To have
normal Liver Function Tests (LFT) was very important in this study. It was
done to exclude the possibility of having a lower serum ChE activity for
deranged liver function as it had been reported by Gokani RS et al., that
the serum ChE was significantly lower in liver disease patients [13].
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Collection of blood: About 2 mL of blood was collected from each
subject by venipuncture and the blood was left to clot; the serum so
obtained was stored in the refrigerator at 2-4°C until assayed. It is to
mention that the assay for serum ChE was done on the same day
after preparation of the serum. Repeat blood collection was done
after 30 days in lung disease control and TB subjects with usual
treatment and the serum so obtained was assayed similarly for ChE.
During this additional 30 days, the tubercular subjects were under
Directly Observed Treatment (DOT) program under Revised National
Tuberculosis Control Program (RNTCP). The lung disease control
subjects were under individual treatment procedure. The serum ChE
activity was measured according to the method of Hestrins [14]. The
principle of the assay is based on the reaction between ACh and
hydroxamate to form acetyl hydroxamate which on reacting with ferric
iron (ion) in an acidic medium forms a red-purple coloured complex
which is measured at 530 mpu using a spectrophotometer (Baush
and Lomb Co.). ACh chloride was used as a substrate and the ChE
activity in serum was expressed as units/hour/mL of serum.

STATISTICAL ANALYSIS

The statistical analysis of the results was made by using Statistical
Software for Social Sciences (SPSS version 21.0). The level of
significance was assessed using independent Student’s t-test. The
p<0.05 was considered to be significant statistically.

RESULTS

All the groups constituted majorly male patients. [Table/Fig-1] shows
that there was a highly significant inhibition of serum ChE activity in
both pulmonary and extrapulmonary TB patients, compared with
normal control and lung disease control subjects. With the anti-
TB drug treatment for one month, there had been a significant
recovery in the serum ChE activity in both pulmonary as well as
extrapulmonary tubercular subjects (p=0.008). On the other hand,
the change in serum ChE activity in lung disease control subjects
after one month’s usual treatment was not significant (p=0.1).

With the result as depicted in [Table/Fig-1], statistical computation
was looked up to engross any cut-off value of serum ChE level
to diagnose TB to the earliest. The area under the normal curve
between (X-3SD) and (X+3SD) is 99.74% of total area under the
curve (X is mean and SD is standard deviation). As the serum ChE
of patients with TB shows marked inhibition, the values as depicted
in the right half of the normal curve have been considered for
statistical computation and for that purpose three times of the SD
value has been added to the mean value for pulmonary TB and extra
pulmonary TB patients. Again, the serum ChE of normal control
and lung disease control subjects did not show any inhibition at
all. For them, the left half of the normal curve has been considered
for statistical computation and three times of SD value has been
subtracted from mean value for these groups of subjects.

So, if from the mean value of serum ChE level in normal control
subjects is subtracted the three times of standard deviation (SD),
it becomes (127.1-3x9.7)=98.0 units/hr/mL. Similarly, the said
value in lung disease control subjects becomes (120.4-3x7.2)=98.8
units/hr/mL (considering the serum ChE level at the beginning). On
the other hand, if with the mean value of serum ChE level at the
beginning in pulmonary tubercular subjects is added the three times
of SD value it becomes (24.7+3x9.6) 53.5 units/hr/mL. Similarly,
Mean Value+3xSD in extrapulmonary tubercular subjects at the
beginning becomes (26.5+3x8.8) 52.9 units/hr/mL. So, if in a
clinically suspected TB subjects, the serum ChE level falls below
50 units/hr/mL, it might clinch to the diagnosis of TB, specially
before the institution of anti-TB drug therapy.

DISCUSSION

The ACh is the neurotransmitter at the sweat gland as well as at
the piloerector muscle of the sympathetic autonomic nervous
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At the baseline After one month
No. of male (M) and female (F) ChE activity in

Subjects subjects Age (years) ChE activity in units/hr/mL units/hr/mL p-value (Student’s t-test)
1. Normal control M-22 38.3+9.8 127.1£9.7

F-09

' M-17

2. Lung disease control F-14 41.4+7.8 120.4+7.2 126.8+8.9 0.10
3. Tubercular subjects

M-20
A. Pulmonary F11 40.7+12.2 24.7+9.6 64.6+4.8 0.005

M-22
B. Extrapulmonary F-09 39.6+11.7 26.5+8.8 69.2+3.7 0.008

[Table/Fig-1]: Serum Cholinesterase (ChE) activity in normal control, lung disease control and tubercular subjects (both pulmonary and extrapuimonary) and the serum

cholinesterase (ChE) activity after one month.

system. The two types of ChE are AChE and Butylcholinesterase
or Butyrylcholinesterase (BChE). AChE (EC3.1.1.7) which is also
known as true ChE. Red Blood Cells (RBC) ChE or erythrocyte
ChE, ChE | etc., is found primarily in the blood on RBC membranes,
in neuromuscular junction and neural synapses. BChE (EC3.1.1.8)
also known as ChE II, pseudo ChE, plasma ChE, serum ChE etc., is
synthesised in liver and is found primarily in blood plasma. The term
serum ChE is generally used in the reference to a clinical test that
reflects levels of both of these enzymes in the blood [15].

The major groups of siderophores include the catecholates,
hydroxamates and carboxylates [16]. Siderophores produce a
complex preferentially with Fe*® which is a strong Lewis acid. It
has preference to strong Lewis bases such as anionic or neutral
oxygen atoms to co-ordinate with [17]. Again, ChE carries one or
more ‘peripheral’ anionic sites distinct from the choline-binding
pocket of the active site. The site is meant for binding ACh and
other quaternary ligands acting as uncompetitive inhibitors that bind
at a site clearly distinct from that occupied by the monoquaternary
competitive inhibitors [18]. This site is also involved in the substrate
inhibition characteristic of ChE [19]. ACh is the neurotransmitter that
is responsible for hastening the rate of sweat in human. As ChE
rapidly hydrolyses ACh, it is logical to note that ChE is responsible
for the modulation of sweat rate. It was reported earlier that with
the local application of ChE inhibitor neostigmine intradermally at
the forearm with varying concentration of ACh, there was significant
increase in sweat rate locally when ACh had been administered at
a low to moderate concentration [20]. To examine and study for the
nature of inhibition of serum ChE in tubercular subjects, Lineweaver-
Burk plot was plotted and the plot had demonstrated a line parallel
to the original enzyme-substrate plot, but with a higher intercept.
This confirmed the uncompetitive type of inhibition [21]. As reported
previously, in uncompetitive (also known as anti-competitive) type
of inhibition, the enzyme inhibitor had bound only to the complex
formed between the enzyme and substrate [22].

Again as reported, siderophores, being amongst the strongest
binders to Fe*®, the siderophore desferrioxamine has been getting
greater momentum in the widespread use as chelators in iron
poisoning cases and also in thalassaemia [23]. It had also been
reported that the growth of Mycobacterium tuberculosis was
impaired in mice and macrophages by the genetic disruption of
siderophore expression. It demonstrates that the mycobacteria
virulence is dependent on its essential role of iron acquisition by
siderophores [24].

It is presumed that the Fe*® present in siderophores being a
strong Lewis acid does co-ordinate with anionic or neutral oxygen
atom. Also, the peripheral anionic site present in ChE is involved
in substrate inhibition of uncompetitive nature. It appears that in
the serum of tubercular subjects, ACh ferric hydroxamate complex
might be formed, which binds more strongly with serum ChE and
remains unhydrolysed and as a result inhibition of ChE was the
result in tubercular subjects. It is evident therefore that high level of

siderophores excreted extracellularly for acquiring iron by pathogenic
Mycobacterium tuberculosis might be correlated with the formation
of high concentration of serum ACh ferric hydroxamate complex
which remains bound to serum ChE. Anti-tubercular drugs cause a
decrease in serum siderophore level resulting in diminution of serum
hydroxamate level in tubercular subjects and therefore a decrease in
ACh ferric hydroxamate complex level. So, the ChE enzyme activity
in the serum of tubercular subjects increases with treatment with
anti-TB drugs.

As reported earlier, the enzymatic inhibition in uncompetitive type
could not be reversed by increasing the substrate concentration.
Also, the same research reported uncompetitive type of inhibition of
AChE by tertiary amines (R,N) [25]. In another study published by
the index authors, it was reported that with zinc supplementation
(50 milligram of elemental zinc orally daily) for one month along
with the usual anti-TB drug treatment, this recovery of serum ChE
activity was more significant in both pulmonary and extrapulmonary
TB subjects [26]. Zinc, being an antioxidant element inhibits the
formation of superoxide in the host tissue and also hastens the
process of normal compartmentalisation of iron in the tissues. So, oral
supplementation of zinc destabilises the decompartmentalisation of
iron and hastens the process of compartmentalisation of iron. Thus,
it helps to prevent Mycobacterium tuberculosis from getting iron
which is very much needed as co-factor for the iron co-factored
SOD secreted extracellularly by the pathogenic mycobacteria to
obtain the soluble oxygen by dismutation reaction, which is very
much needed for this obligate aerobe. Anti-tubercular drugs along
with zinc when instituted, there was qualitative and quantitative
recovery of serum ChE activity in tubercular patients, possibly due
to the replacement of Fe*® ions from ACh complex by zinc causing
a qualitative and quantitative recovery of serum ChE activity in
tubercular subjects. The tubercular subjects later diagnosed as
MDR-TB were omitted from the field of study, but for them the
serial measurement for serum ChE level was continued even after
30 days. Some of those patients had shown no noteworthy recovery
of serum ChE activity from the very beginning. These subjects might
be diagnosed as primary drug resistant. On the other hand, the
rest of the subjects with anti-TB drugs had an initial appreciable
recovery of serum ChE activity but later on showed a fall in serum
ChE activity. Those subjects might be diagnosed as secondary drug
resistant tubercular subjects.

It is noteworthy to mention that the enzyme ChE, which has been
assayed in this study, in the serum of tubercular subjects is of
host origin. The author has two recent publications elaborating
the two biomarkers; Glutamine Synthetase (GS) and SOD for
early diagnosis of TB [27,28]. These two enzymes are secreted as
leaderless proteins extracellularly by pathogenic Mycobacterium
tuberculosis. GS, an essential enzyme for the survival and growth
of Mycobacterium tuberculosis had been demonstrated to be
present in the serum of subjects suffering from pulmonary as well
as extrapulmonary TB; whereas normal control and lung disease
control subjects did not have detectable serum GS activity at all.
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The GS activity as detectable in the serum of tubercular subjects
was of Mycobacterium tuberculosis origin as the serum GS activity
of those subjects was reduced while incubating the serum with
L-methionine- S, R-sulfoximine, aselectiveinhibitor of Mycobacterium
tuberculosis GS [27]. Again, there was an elevated serum level of
SOD in tubercular subjects (both pulmonary and extrapulmonary),
which had been resistant to sodium Cyanide (NaCN). This iron co-
factored SOD was Mycobacterium tuberculosis origin, which had
been secreted extracellularly by the pathogenic mycobacteria [28].
Elaboration of two Mycobacterium tuberculosis origin biomarkers
(SOD and GS) in an enhanced concentration and the inhibited host
origin serum ChE concentration might increase the specificity for
diagnosing TB at a very early stage by assaying serum SOD, GS
and ChE simultaneously.

Limitation(s)

The activity of both AChE and butylcholinesterase has been
measured together in this study. As reported by Macabeo APG,
et al., globospiramine, the bisindole alkaloid, and deoxyvobtusine
identified from Voacanga globosa had exhibited potent anti-TB
and BChE activity, respectively. The rapport of deoxyvobtusine had
been mentioned with BChE form of ChE [29]. So, assay of the two
forms of ChE separately might unravel some facts regarding the
pathogenesis of Mycobacterium tuberculosis.

CONCLUSION(S)

The assay of ChE activity in serum for diagnosing TB is a simple,
rapid, not too expensive method. Nevertheless, this assay will be
helpful to diagnose pulmonary as well as extrapulmonary TB cases
with confidence. Also, the assay is very praiseworthy to monitor the
effectiveness of treatment and also to diagnose the primary and
secondary drug resistant cases effectively as mentioned already.
This simple and not too expensive assay might be an effective
weapon to break the transmission of TB by instituting early and
prompt treatment.

REFERENCES

[1] Global Tuberculosis Report, World Health Organization.2019:WHO; https://
apps.who.int/iris/handle/10665/329368; WHO/CDS/TB/2019.15.

[2] Cudahy P, Shenoi S. Diagnostics for pulmonary tuberculosis. Postgrad Med J.
2016;92:187-93.

[8] Walzl G, McNemey R, Plessis ND, Bates M, McHugh TD, Chegou NN, et al.
Tuberculosis: Advances and challenges in development of new diagnostics and
biomarkers. Lancet Infect Dis. 2018;18(7):e199-210.

[4] Nag D, Dey SC. Cholinesterase activity in pulmonary tuberculosis. Ind J Chest
Dis All Sci. 1988;30(2):93-97.

[5] Cho H, Kim H IIl, Eum MS, Kwon HJ, Oh YL, Kim KS, et al. Pleural fluid to serum
cholinesterase ratio for the differential diagnosis of transudates and exudates.
Tuberc Respir Dis. 2000;48(5):781-87.

[6]

[7]
[8]

[e]

[a]

1l

2]

[13]

[14]
[15]
[1e]
N7
e
9]
[20]
[21]
[22]
[23]

[24]

[25]
[26]

[27]

[28]

[29]

Dipak Kumar Chattopadhyay, Serum Cholinesterase as a Diagnostic Aid for Tuberculosis

Tramontana JM, Utaipat U, Molloy A, Akarasewi P, Burroughs M, Makonkawkeyoon
S, et al. Thalidomide treatment reduces tumour necrosis factor alpha production
and enhances weight gain in patients with pulmonary tuberculosis. Mol Med.
1995;1(4):384-97.

Mold JW, Holtzclaw BJ, Mccarthy LH. Night sweats: A systemic review of
literature. J Am Board Fam Med. 2012;25(6):878-93.

Gobin J, Moore CH, Reeve JR Jr, Wong DK, Gibson BW, Horwitz MA. Iron
acquisition by Mycobacterium tuberculosis: Isolation and characterization of a
family of iron-binding exochelins. Proc Natl Acad sci USA.1995;92:5189-93.
Harth G, Horwitz MA. Export of recombinant Mycobacterium tuberculosis
superoxide dismutase is dependent upon both information in the protein and
mycobacterial export machinery: A model for studying export of leaderless
proteins by pathogenic mycobacteria. J Biol Chem. 1999;274:4281-92.
Taylor P, Radic Z. The cholinesterase from genes to proteins. Annual Review of
Pharmacology and Toxicology. 1994;34:281-320.

Wang S, Wu J, Chen J, GaoY, Zhang S, Zhou Z, et al. Evaluation of Mycobacterium
tuberculosis-specific antibody response for the discrimination of active and latent
tuberculosis infection. Int J Infect Dis. 2018;70:01-09.

Dudchenko A, Averbakh M, Karpina N, Ergeshov A. Capacities of blood serum
lipoarabinomannan in the diagnosis of tuberculosis at a late stage of HIV infection.
European Respiratory Journal. 2018;52:PA4738:doi:10.1183/13993003:congre
ss-2018:PA4738.

Gokani RS, Jadav P, Saikh N, Shah R, Chhatriwala M, Patel B. Serum
cholinesterase as diagnostic marker of liver disease. International Journal of
Biomedical and Advance Research. 2014;5(9):439-42.

Hestrin S. Estimation of acetylcholinesterase. J Biol Chem. 1949;180:249-61.
Manu MS, Prashant V, Akila P, Sum MN, Basavanagowdappa H. A retrospective
analysis of serial measurement of serum cholinesterase in acute poisoning with
organophosphate compounds. Toxicol Int. 2012;19(3):255-59.

Hider RC, Kong X. Chemistry and biology of siderophores. Nat Prod Rep.
2010;27(5):637-57.

Miethke M, Marahiel M. Siderophore-based iron acquisition and pathogencontrol.
Microbiol Mol Biol Rev. 2007;71(3):413-51.

Taylor P, Lappi S. Interaction of fluorescence probes with acetylcholinesterase.
Site and specificity of propidium binding. Biochemistry. 1975;14:1989-97.
Massoulie J, Pezzementi L, Bon S, Krejci E, Vallette FM. Molecular and cellular
biology of cholinesterase. Prog Neurobiol. 1993;41(1):31-91.

Shibasaki M, Crandall CG. Effect of local acetylcholinesterase inhibition on sweat
rate inhumans. J Appl Physiol. 2001;90(3):757-62.

Rhodes D. Enzyme kinetics-single substrate, uncompetitive inhibition,
Lineweaver-Burk Plot. Prude University. 2013; Retrived 31 August, 2013.
Vladimir L. Comprehensive enzyme kinetics. Kluwer Academic Publishers.
2014;ISBN978-0306467127:0CLC517776240.

Zhou T, Ma Y, Kong X, Hider RC. Design of iron chelators with therapeutic
application. Dalton Transactions. 2012;41(21):6371-89.

De Voss JJ, Rutter K, Schroeder BG, Su H, Thu Y, Barry CE 3. The salicylate-
derived mycobactin siderophores of Mycobacterium tuberculosis are essential
for growth in macrophages. Proc Natl Acad. 2000;97:1252-57.

Mathews CK, Vanholde KE, Appling DR, Anthony-Cahill SJ. Biochemistry (4 ed).
Pearson. 2012; ISBN-978-0138004644.

Chattopadhyay DK, Nag D. Efficacy of zinc supplementation as an adjunct to
anti- tubercular drug therapy. Ind Med Gaz. 2014;CXLVIII(1):21-24.
Chattopadhyay DK. Serum glutamine synthetase activity as biomarker for
tuberculosis diagnosis and monitoring anti-tubercular drug therapy success.
Indian J Biochem Biophys. 2019;56:427-32.

Chattopadhay DK. Superoxide dismutase: A biomarker for early diagnosis of
tuberculosis. J Clin Diagn Res. 2019;13(7):BC01-083.

Macabeo APG, Vidar WS, Chen X, Decker M, Heilmann J, Wan B, et al.
Mycobacterium tuberculosis and cholinesterase inhibitors from Voacanga
globosa. Eur J Med Chem. 2011;46(7):3118-23.

PARTICULARS OF CONTRIBUTORS:

1. Senior Pathologist, Department of Biochemistry and Pathology, Onda Superspeciality Hospital, Bankura, West Bengal, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Dipak Kumar Chattopadhyay,

Pratap Bagan Bankura Near Bangiya Gramin Bikash Bank,

Bankura, West Bengal, India.

E-mail: drpadhyay1976@rediffmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:
e \Was Ethics Committee Approval obtained for this study? Yes

¢ Was informed consent obtained from the subjects involved in the study? Yes
L]

None

For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2021 Mar, Vol-15(3): BC16-BC19

PLAGIARISM CHECKING METHODS: tanHetall

ETYMOLOGY: Author Origin

® Plagiarism X-checker: Sep 09, 2020
* Manual Googling: Jan 07, 2021
e Thenticate Software: Jan 23, 2021 (10%)

NA

Date of Submission: Aug 28, 2020
Date of Peer Review: Nov 20, 2020
Date of Acceptance: Jan 19, 2021

Date of Publishing: Mar 01, 2021



