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Abstract

Introduction: Obesityisacomplicated disease, including excessiveamounts
of body fat. Obesity is not just an aesthetic problem. It is also a medical
issue that increases your risk of other diseases and health conditions, like
heart disease, diabetes, and certain cancers. Ascorbic acid (AA) produced
analog enhancing effects in superoxide generation, DNA strand cutting,
and cytotoxicity. In leukocytes, toxicity due to mitochondrial permeability
was seen in cells exposed to AA/peroxynitrite, and these responses were
determined to occur independently of Ca2+. Plasma cholinesterase and
erythrocyte acetylcholinesterase activities have a long history of use in
monitoring workers at risk for organophosphorus pesticide (OPP) exposure.
Due to the wide variation between individuals, it is necessary to establish
unexposed, essential enzyme activities for correct interpretation.

Material and Method: Forty-four females and 32 males with a mean age of
40 + 11.4 years were included in our study. In our study, those with a BMI of
18-24 were considered as control or non-obese (group 1), those between
25 and 30 as obese (group 2), and those between 31 and 42 as extremely
obese (group 3). With a moderate standard deviation of 70 and 20 %
erosion rate, 76 subjects were determined for 93 % power at the 5 % level
of significance. Baseline comparisons among treatment sequences were
analyzed using a chi-square test for categorical variables and an unpaired
t-test for continuous variables. Mean and standard deviation values were
assessed using the SPSS package program, and a statistically significant
difference was determined at p-level below 0.05 value.

Results: As a result; Although the increase in PCE levels and the decrease in
ECE, PTA, and PA levels were significantly different. The difference between
group 2 and group 3 revealed the importance of these differences between
obese and non-obese patients.

Discussion: It has been determined that as obesity increases, the risk of
vitamin deficiency also increases. The superior bioavailability of EC in
leukocytes may be beneficial to overall immune function since intracellular
vitamin C levels are vital to the fundamental process of leukocytes. More
studies are needed to understand better how EC is associated with disease
prevention and treatment.
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Oz

Amag: Obezite, asin miktarda viicut yagi iceren karmasik bir hastaliktir. Obezite
sadece estetik bir problem degildir. Ayni zamanda kalp hastaligi, diyabet ve
bazi kanserler gibi diger hastaliklar ve saglik kosullari riskinizi artiran tibbi
bir sorundur. Askorbik asit (AA), sUperoksit Uretimi, DNA ipligi kesimi ve
sitotoksisitede analog artirici etkiler Uretir. Lokositlerde, AA/peroksinitrite
maruz kalan hucrelerde mitokondriyal gecirgenlige baglh toksisite gortlmus
ve bu yanitlarin Ca2+ 'dan bagimsiz olarak olustugu belirlenmistir. Plazma
kolinesteraz ve eritrosit asetilkolinesteraz aktiviteleri, organofosfor pestisit
(OPP) maruziyeti riski altindaki calisanlarr izlemede uzun bir kullanim gegmisine
sahiptir. Bireyler arasindaki genis cesitlilik nedeniyle, dogru yorumlama icin
maruz kalmamis, gerekli enzim aktivitelerinin olusturulmasi gerekmektedir.

Gereg ve Yontem: Calismamiza yas ortalamasi 40 + 11,4 olan 44 kadin ve
32 erkek dahil edildi. Calismamizda VKI'si 18-24 arasinda olanlar kontrol veya
obez olmayanlar (grup 1), 25-30 arasi olanlar obez (grup 2) ve 31-42 arasi asir
obez (grup 3) olarak kabul edildi. % 70 ve% 20'lik orta standart sapma ile,%
5 anlamlilik dizeyinde% 93 glg icin 76 denek belirlendi. Tedavi sekanslari
arasindaki temel karsilastirmalar, kategorik degiskenler icin bir ki-kare testi ve
surekli degiskenler icin eslesmemis bir t testi kullanilarak analiz edildi. Ortalama
ve standart sapma degerleri SPSS paket programi kullanilarak degerlendirildi
ve 0,05 degerinin altinda p duzeyi ile istatistiksel olarak anlamli fark kabul edildi.

Sonug: Sonug olarak; EBE duzeylerindeki artis ve ECE, PTA ve PA 'da azalma
olmasina ragmen seviyeleri Gnemli dlctide farkliydi. Grup 2 ile grup 3 arasindaki
fark, obez ve obez olmayan hastalar arasindaki bu farkliliklarin 6nemini ortaya
koydu.

Tartisma: Obezite arttik¢a vitamin eksikligi riskinin de arttigi tespit edilmistir.
EC'nin I6kositlerdeki Gstiin biyoyararlanimi, hicre igi C vitamini seviyeleri
|6kositlerin temel streci icin hayati dnem tasidigindan, genel bagisiklik
fonksiyonu icin faydali olabilir. EC'nin hastalik 6nleme ve tedavi ile nasil iliskili
oldugunu daha iyi anlamak i¢in daha fazla calismaya ihtiyag vardir.

Anahtar Kelimeler: Askorbik asit, eritrosit kolinesteraz, obezite
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INTRODUCTION

Obesity is a complicated disease, including excessive amounts
of body fat. Obesity is not just an aesthetic problem. It is also
a medical issue that increases your risk of other diseases and
health conditions, like heart disease, diabetes, and certain
cancers. There are several causes of why some people have
trouble avoiding obesity. Constantly obesity outcomes from
genetic factors with the environment, personal diet, and
exercise options. The good news is that even a humble weight
sacrifice can develop or prohibit health problems related to
obesity. Food intake changes, increased physical activity, and
behavioral changes can help you lose heaviness. Recipe drug
usage and weight loss procedures are additional options for
obesity treatment."! Obesity, which tends to increase day by
day, is a significant social and clinical problem. The mortality
risk is higher than non-obese people. In this study, it was
aimed to investigate the relationship between the degree of
obesity and vitamin C, the relationship between the degree
of obesity and cholinesterase, whether there is a relationship
between vitamin C and cholinesterase, as well as to determine
the degree of vitamin C deficiency in obese patients.

Ascorbic acid (AA) produced analog enhancing effects in
superoxide generation, DNA strand cutting, and cytotoxicity.
However, while AA failed to improve the intra-leukocyte
mitochondrial concentration of Ca?* and the effects observed
in cells supplemented with peroxynitrite, it was not affected
by inhibiting Ca** mobilization or mitochondrial accumulation
of the cation. Simultaneously, it was also detected in human
monocytes and detected in macrophages not expressing
the ryanodine receptor. In leukocytes, toxicity due to
mitochondrial permeability was seen in cells exposed to AA/
peroxynitrite, and these responses were determined to occur
independently of Ca*" according to the above criteria. Thus,
the stimulatory effects of AA are similar to those mediated
by complex Ill inhibitors. However, the vitamin failed to
inhibit complex Ill directly and increased its sensitivity to
peroxynitrite's inhibitory effects.”

Plasma cholinesterase and erythrocyte acetylcholinesterase
activities have a long history of use, both in monitoring
workers at risk for organophosphorus pesticide (OPP)
exposure and investigating accidental exposures to OPPs.
Due to the wide variation between individuals, it is necessary
to establish unexposed, essential enzyme activities for correct
interpretation. OPP exposure inhibits plasma cholinesterase
activity more than erythrocyte acetylcholinesterase activity.®

Obesity is one of the crucial health threats worldwide.
Therefore, antioxidant-based treatments could be considered
as exciting approaches to prevent obesity from fat
aggregation complications. In this format, it has been shown
that vitamin C intake (ascorbic acid) is negatively associated
with the onset of various conditions such as hypertension,
gall bladder disease, stroke, cancer, and atherosclerosis as
the beginning of obesity in humans and animals. Among the
possible beneficial effects of ascorbic acid on obesity-related

mechanisms, it has been suggested that this vitamin may: (a)
modaulate adipocyte lipolysis; (b) regulation of glucocorticoid
release from the adrenal glands; (c) inhibits glucose
metabolism and leptin secretion on isolated adipocytes; (d)
leads to an improvement in hyperglycemia and a decrease
in glycosylation in obese-diabetic models; and (e) reducing
the inflammatory response. Probably all these properties
could be related to the extraordinary antioxidant properties
of this vitamin. Butyrylcholinesterase can be useful in lipid
metabolism by direct interaction of cholesterol or cholesterol
esters. Studies are conducted to reveal the relationship
between cholinesterase activity and triacylglycerol levels,
obesity, type 2 diabetes mellitus, and fatty liver.”

Additionally, it is thought that a high-fat diet in mice lacking
the butyrylcholinesterase gene causes obesity. HMG-CoA
reductase inhibitors and statins are considered to have
inhibitory properties on cholinesterases. It is known that
statins and similar lipid-lowering agents reduce cholesterol
levels and act as a protective agent against Alzheimer's
disease. The subject of new research is that they can be
protective-preventive agents for conditions such as lipid
metabolism, cardiovascular diseases, and stroke.™!

This study tried to evaluate the relationship between serum
and intra-leukocyte ascorbic acid and plasma and intra-
erythrocyte cholinesterase levels in controls and obese
individuals.

MATERIAL AND METHOD

Forty-four females and 32 males with a mean age of 40+11.4
years were included in our study. In our study, those with a
BMI of 18-24 were considered as control or non-obese (group
1), those between 25 and 30 as obese (group 2), and those
between 31 and 42 as extremely obese (group 3). The study
consists of 24-h test periods, each preceded by a 7-day
washout period.”! During the Screening Visit, subjects' medical
history and other therapies were reviewed, and qualification
was determined based on the inclusion and exclusion criteria.
Blood samples and analyzed for the pharmacokinetics of
plasma and leucocyte vitamin C. Blood was collected in a 6
mL sodium heparin tube (BD Vacutainer, Mississauga, Ontario)
inverted several times to ensure a complete mixture of blood
and anticoagulant. The tube was centrifuged at 4°C for 10
min at 3000 rpm to separate the plasma and buffy coat layers.
Absorbance measurements were obtained on a Perkin-Elmer
(Waltham, Massachusetts, USA) (Lambda-15) UV/visible dual-
beam spectrophotometer and paired 10 mm silica cuvettes.
The necessary reagents and sample preparation processes
for the study were carried out manually in the laboratory.
Cholinesterase levels were assessed using an improved
version of Garry and Routh's colorimetric assay for serum
pseudocholinesterase [Clin. Chem. 11, 91 (1965)] and a
variation of this method for measuring cholinesterase in cells.
Ascorbic acid concentrations were calculated by subtracting
the measured ascorbic acid concentration from that of total
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ascorbic acid analyzed after reducing the dehydroascorbic

acid present; a method referred to as the subtraction method.

Other biochemical parameter data were obtained from

medical records. Comparative analysis was performed by

studying and calculating the parameters stated below:

« Lipid and lipoprotein parameters as triglyceride (Trig.),
total cholesterol (T.Kol), HDL-cholesterol (HDL), LDL-
cholesterol (LDL),

« Free blood sugar (FBG),

« Plasma cholinesterase
cholinesterase ( ECE),

(PCE), intra-erythrocyte

- Totalplasmaascorbate (PTA), plasmaascorbate (PA), plasma
hydro-ascorbate (PDA), total leukocyte ascorbate (LTA),
leukocyte ascorbate (LA), leukocyte dehydroascorbate
(LDA),

- PDA/PA, PDA/PTA, PA/PTA, LDA/LA, LDA/LTA, LA/LTA ratios,
It was aimed to determine

a) the relationship between the degree of obesity and
vitamin C,

b) the relationship between the degree of obesity and
cholinesterase, and

c) the relationship between vitamin C and cholinesterase
and the determination of vitamin C deficiency levels in
obese patients.

With a moderate standard deviation of 70 and 20% erosion
rate, 76 subjects were determined for 93% power at the
5% level of significance. Baseline comparisons among
treatment sequences were analyzed using a chi-square test
for categorical variables and an unpaired t-test for continuous
variables. Mean and standard deviation values were assessed
using the SPSS package program, and a statistically significant
difference was determined at p-level below 0.05 value.

RESULTS

Inthe controls (group 1) theresults were; PTA 1.26+0.69 mg/dL,
PA 1.13+£0.66 mg/dL, PDA 0.11+0.09 mg/dL, LTA 36.97+14.98
ug/108 leuc, LA 22.45+7.68 ug/108 leuc, LDA 14.52+7.66
ug/108 leuc, PCE 5685+1014 U/L, ECE 28.24+8.10 gr/Hb, FBG
99.7£14 mg/dl, Trig. 79.5+45 mg/dl, Col. 165.65+35 mg/dl,
HDL 47.86+7.41 mg/dL, LDL 116.54£25 mg/dL. In the obeses
(group 2) the results were; PTA 0.86+0.40 mg/dL, PA 0.78+0.43
mg/dL, PDA 0.12+0.07 mg/dL, LTA 34.29+13.4 pg/108 leuc,
LA 21.95+6.39 ug/108 leuc, LDA 12.34+7.41 ug/108 leuc, PCE
6884+1535 U/L, ECE 22.64+7 U/gr Hb, FBG 110+9.3 mg/dL,
Trig. 121.8+49 mg/dL, T. Kol. 201.1+39 mg/dL, HDL 47.27+9
mg/dL, LDL 139.5£51.7 mg/dL. In the malignant obeses
(group 3) the results were; PTA 0.70+0.29 mg/dL, PA 0.60+0.26
mg/dL, PDA 0.11+£0.09 mg/dL, LTA 35.41+£12.4 ug/108 leuc,
LA 22.49+5.83 ug/108 leuc, LDA 12.92+6.95 ug/108 leuc PCE
7470+1240 U/L, ECE 24.59+4.49 U/grHb, FBG 117.6+17.6 mg/
dL, Trig. 145.9+64.2 mg/dL, T.Kol 221.7£51.7 mg/dL, HDL
47.6+9.7 mg/dL, LDL 149.4+50.6 mg/dL. FBG, Trig., T. Kol. and

LDL levels the parameters have a positive correlation with BMI;
r:0.41, p<0.001; r: 0.44, p<0.001; r:0.54, p<0.001, respectively.
PCE levels gradually increased according to BMI and this
increase was higher between the first two groups (p<0.001)
and between group 2 and 3 (p<0.001). ECE levels gradually
decreased compared to BMI and this decrease was statistically
significant especially between group 1 and group 2 (p<0.05)
and between group 2 and group 3 (p<0.05). PTA and PA
levels tend to decrease compared to BMI, and this decrease
is in between group 1 and group 2 shows p<0.05 value and
in between group 1 and group 3 the p value was<0.001. No
significant difference was found in PDA, LTA, LA and LDA
values compared to BMI. Group values of mean and SD are
given in Table 1.

Table 1. Mean and SD values of biochemical parameters among groups

Parameters Control Obese Morbid Obese
PTA (mg/dL) 1.26+0.69 0.86+0.40 0.70+0.29
PA (mg/dL) 1.1320.66 0.78+£0.43 0.60%0.26
PDA (mg/dL) 0.11+0.09 0.12+0.07 0.11+0.09
LTA (ug/108 leuc) 36.97+14.98 34.29+134 35.41+£12.4
LA (ug/108 leuc) 22.45+7.68 21.95+6.39 22.49+5.83
LDA (ug/108 leuc) 14.52+7.66 12.34+£7.41 12.924+6.95
PCE (U/L) 5685+1014 6884+1535 74701240
ECE (gr/Hb) 28.24+8.10 22.64+7 24.59+4.49
FBG (mg/dL) 99.7+14 110+9.3 117.6+£17.6
Trig (mg/dL) 79.5+45 121.8+49 145.9+64.2
T. Col (mg/dL) 165.65+35 201.1£39 221.7451.7
HDL (mg/dL) 47.86%7.41 47.27+9 47.6£9.7
LDL (mg/dL) 116.54+25 139.5+£51.7 149.4+£50.6
DISCUSSION

Under normal conditions, vitamin C exists as both ascorbate
(reduced form, AA) and dehydroascorbate (DHA, oxidized
form). It has been reported that leukocytes predominantly
ingest vitamin C in the form of DHA in a passive, gradient-
dependent manner.”? This uptake is affected by the initial
oxidation of vitamin C to DHA and its reduction to AA
once it enters the cell. This lets leukocytes store vitamin C
at higher concentrations than plasma, which is essential
for proper cellular function.®! The vitamin C metabolites
generated after oxidation to DHA are thought to maintain
the extracellular oxidation and metabolism of DHA and/or
empower the passive, facilitated, or active transport signaling
mechanisms required for intracellular Access.” The high
retention of vitamin C in leukocytes helps provide maximum
cellular levels of vitamin C for normalized biochemical
activity, including immune function. In a study with two
non-ascorbate synthesizing rats, EC-fed animals showed
higher vitamin C activity, and body weight gain than the
group provided AA." In humans, leukocytes' fundamental
processes, specifically neutrophil phagocytic capacity, can
be lowered when leukocytes have less vitamin C. Besides,
repletion with vitamin C can help restore these crucial
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functions." To the best of our knowledge, one published
clinical trial has demonstrated the disease treatment roles of
vitamin C—the study determined that compared to placebo,
EC (1000 mg of vitamin C per day) can significantly lessen
colds and shorten the duration of severe symptoms in winter
over two months.'?Vitamin C supports the immune system,
alleviates allergic reactions, and protects against fighting
infections thanks to its antioxidant effect. However, vitamin
C's importance and beneficial impact in clinical conditions
such as cancer, atherosclerosis, diabetes, neurodegenerative
disease, and metal toxicity remains unclear.! However,
vitamin C has various roles as an antioxidant that protects
immune cells against damage by intracellular reactive
oxygen radicals (ROR) during the inflammatory response,
acts as an enzymatic cofactor, ensures tissue integrity, and
plays a critical role in the formation of skin, epithelial and
endothelial barriers."¥ Knowing the levels of intracellular
fluid and intracellular vitamin C can provide an idea about
the effectiveness of our biological defense mechanisms,
as provided by the results of our study. Further studies are
needed to analyze how the level of vitamin C in leukocytes
affects neutrophil function and is associated with disease
prevention and treatment. The leukocyte vitamin C
concentrations reported in our study can serve as future
reference values.

OPPs are hazardous components and are insecticides that
cause diseases that can result in death. Overexposure can
lead to clinical situations requiring immediate intervention.
Their mechanism of action is through inhibition of the
cholinesterase enzyme in the nervous system. Symptoms
and signs depend on the balance between nicotinic
and muscarinic receptors. Treatment consists of general
supportive therapy, decontamination, inhibition of
absorption, and antidote administration. Depending on
the dose resulting from toxicity, nonspecific influenza-
like situations may be seen, specific findings may develop,
and the clinical picture can be defined as mild, moderate,
and severe toxicity." The researchers found no significant
relationship between the severity of OPP poisoning and ECG
findings in terms of mortality. They indicated a statistically
significant association between low serum cholinesterase
level and mortality in severe intoxication.'® Examination
findings may not be clearly defined according to the clinically
experienced physician's knowledge. It may be delayed in
the differential diagnosis, and it may be challenging to
differentiate the clinical picture with precise limits. For this
reason, the ability to make measurements, as we did in our
study, can be vital for certain patients.

CONCLUSION

As a result; Although the increase in PCE levels and the
decrease in ECE, PTA, and PA levels were significantly different.
The difference between group 2 and group 3 revealed the
importance of these differences for obese and non-obese

patients. It has been determined that as obesity increases,
the risk of vitamin deficiency also increases. This study will be
useful in providing an idea to emergency physicians about the
ECG findings that can be seen in OPP poisoning and its effects
on mortality and contributing to their clinical experience.
However, more detailed studies are needed on this subject.
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