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ENDOMETRIOSIS-ASSOCIATED INFERTILITY:
THE ROLE OF HORMONES AND ITS CORRECTION

*1.I. Kulyk, S.V. Khmil
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Endometriosis-associated infertility (EAI) has a number of specific features, which are crucial
in the choice of medical treatment.

Objective. The aim of the study is to analyze endocrine profile in women with EAI before and after
sclerotherapy and pregravid preparation (PP), which includes a vitamin complex FT 500 plus with inositol and
vitamin D3.

Methods. The study involved 70 women aged 21-40 years with endometriosis-associated infertility. The
comparison group included 30 women with tuboperitoneal infertility. ELISA was used to determine concentrations
of Anti-Mullerian hormone (AMH), follicle stimulating hormone (FSH), luteinizing hormone (LH), progesterone and
estradiol in blood serum using a standard kit by Diagnostic Systems Laboratories, Inc (USA). During two menstrual
cycles the FT 500 plus was prescribed once a day from the 2"/3 day of the cycle, vitamin D3 was prescribed at
the dose of 2,000 IU for women without its deficiency and in therapeutic doses in case of hypovitaminosis. The
sclerotherapy with 95% ethanol solution was performed on the 6%-8" day of menstrual cycle.

Results. It was established that in women with EAI undergoing PP and sclerotherapy the level of AMH was
lower (by 12.90%) as well as progesterone (by 9.84%), while FSH (by 14.47%), LH (by 21.14%) and estradiol (by
35.55%) was higher compare to the comparison group. At the same time, FSH (by 21.98%), LH (by 32.89%) and
estradiol (by 32.23%) concentrations were significantly lower compare to their primary indices before sclerotherapy.

Conclusions. Sclerotherapy and PP with a vitamin complex, inositol and vitamin D3 has a positive effect on
endocrine profile in women with endometriosis-associated infertility
KEYWORDS: infertility; endometriosis; hormones; sclerotherapy; inositol; vitamin D3.

Introduction

Genital endometriosis is one of the most
common diseases in women of reproductive
age. It attracts attention of scientists and prac-
titioners around the world. According to the
literature, every tenth woman of reproductive
age suffers from endometriosis that is 176
million women (World Population Projection
Tables by Country and Group, 2010). The main
symptoms of endometriosis are infertility, me-
norrhagia, dysmenorrhea, dyspareunia, chronic
pelvic pain. In 20-25% of women, this disease
is asymptomatic [1].

Endometriosis-associated infertility is cha-
racterized by a number of specific features that
must be considered when choosing treatment
methods. In each case, treatment should be
individual, taking into account all clinical
factors, as well as the impact of the disease and
the effect of treatment on the quality of wo-
man'’s life [2, 3].

*Corresponding author: Iryna Kulyk, PhD student, Department
of Obstetrics and Gynecology, I. Horbachevsky Ternopil Na-
tional Medical University, 1 Maidan Voli, Ternopil, 46001
Ukraine. Email: kulyk_iryna1@ukr.net

The classic surgical treatment of endo-
metriosis is necessary in cases of cyst capsule;
according to the literature, it facilitates the
lowest number of recurrences and the highest
number of clinical pregnancies [4-7]. However,
it should be taken into account that besides the
capsule, a significant part of healthy ovarian
tissue with antral follicles is removed [8]. There-
fore, the search for less traumatic and more
effective treatment, i.e. puncture of endo-
metriomas and sclerotherapy, is carried on [9].

To date, the choice of treatment for women
with endometriosis-associated infertility for
assisted reproductive technology (ART) prog-
rams is still controversial. According to evidence-
based medicineitis established that in women
with endometriosis-associated infertility, the
balance between intracellular trace elements
is disturbed; free radical oxidation processes
are activated, which leads to oxidative stress,
which consecutively may disturb the effec-
tiveness of ART. Reactive oxygen species are
usually significantin a number of reproductive
tract functions, but their overproduction has a
negative effect on estrogen levels, altering
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steroidogenesis, thereby preventing oocyte
maturation and ovulation [10, 11]. Therefore,
we consider using antioxidants during pregravid
preparation of patients with endometriosis-
associated infertility before COS protocol
reasonable.

The aim of the study was to analyze con-
centrations of the reproductive hormones in
women with endometriosis-associated infertility
before and after sclerotherapy and pregravid
preparation with a complex vitamin medication
comprising inositol and vitamin D3.

Methods

The study involved 70 women aged 21-40
years with endometriosis-associated infertility,
who were treated in the Medical Center “Clinic
of Professor Stefan Khmil” in 2015-2020. The
comparison group included 30 women of the
same age with tuboperitoneal infertility,
diagnosed by laparoscopy or echosalpingo-
graphy. Exclusion criteria were for patients with
endometriosis, stage 3-4, polycystic ovary
syndrome, uterine fibroids (submucosal,
symptomatic subserosal or intramural with a
diameter of more than 2 cm), who were not
included into the study groups. External genital
endometriosis was verified by laparoscopy and
confirmed by histopathological examination
(endometrioid cyst of an ovary or both ovaries).

The patients with endometriosis-associated
infertility were divided into 2 groups. Group 1
(n=34) involved women of reproductive age
(21-40 years old) with endometrioid cysts of up
to 6.5 cm in diameter, who underwent scle-
rotherapy and pregravid preparation with a
complex vitamin medication comprising ino-
sitol and vitamin D3; group 2 (n=36) comprised
women, who underwent sclerotherapy. The
presence of cysts was confirmed by ultrasound
and bimanual examination.

Determination of hormone indicators was
performed in different phases of the cycle
before and after sclerotherapy and pregravid
treatment. Determination of concentrations of
reproductive hormones was performed in the
certified laboratory of the Medical Center “Clinic
of Professor Stefan Khmil”. ELISA was used to
determine the concentrations of Anti-Mullerian
hormone (AMH), follicle stimulating hormone
(FSH), luteinizing hormone (LH), progesterone
and estradiol (E2) in blood serum according to
manufacturer’s instructions using a standard
set of reagents provided by Diagnostic Systems
Laboratories, Inc. (USA), by means of the
StatFax analyzer.

The vitamin complex FT 500 plus for women
of group 1 was prescribed at the dose of
1 sachet once a day from the 2" or 3 day of
the cycle, after taking blood test for hormones,
i.e. AMH, FSH and LH, during 2 menstrual cycles
(cycle in which sclerotherapy was performed
and subsequent cycle). Vitamin D3 was pre-
scribed at prophylactic doses of 2,000 IU to
those patients who were not diagnosed with a
deficiency of this vitamin and at medium
therapeutic doses in cases of hypovitaminosis
during 2 menstrual cycles.

The procedure of sclerotherapy was per-
formed in a sterile surgery room with or without
general anesthesia on the 6™-8™ day of the
menstrual cycle by transvaginal puncture of the
cyst and aspiration of its contents under the
control of transvaginal ultrasound, introduction
of sclerosing solution into the cyst capsule
(without violating its integrity). 76 % ethanol
solution was used as a sclerosant installed in a
volume of 50%-90% of the cyst size under ultra-
sound control with its subsequent aspiration.

Statistical analysis of the results was per-
formed using Microsoft Office Excel and
Statistica 7.0 software. The choice of the data
analysis method was based on the number of
the groups, their distribution, as well as the
equality of variances. All data were verified by
the one sample Kolmogorov-Smirnov test to
confirm normality. Abnormal distribution data
was analyzed by a nonparametric test (the
Mann-Whitney U test and the Kruskal-Wallis
test). The indicators with abnormal distribution
were defined as Me (Q25; Q75) (medians and
Q25 and Q75 quartiles). The biochemical fin-
dings were analyzed by repeated non-para-
metric ANOVA test for multiple comparisons. A
probability level of less than 0.05 was considered
to be statistically significant.

Results

Study of the reproductive hormones of the
women with endometriosis-associated infertility
proved a significantly lower level of Anti-Mulle-
rian hormone (AMH) in women before and after
sclerotherapy compare to the comparison
group. It was established that sclerotherapy in
women with endometriosis-associated infertility
caused a decrease of FSH by 20.31% compare
to the indices before the therapy for endo-
metriomas but was still statistically significantly
higher compare to the comparison group (by
20.75%).

Also, a decrease of the LH concentration by
16.96% was evidenced in the patients after

(=p]
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sclerotherapy compare to the indices before
the therapy for endometriomas. It was sta-
tistically significantly higher than those of the
comparison group (by 39.02%). The level of
estradiol in blood serum of the women with
endometriosis-associated infertility after
sclerotherapy was significantly lower by 26.63%
compared to that before surgery, but was still
significantly higher compare to the comparison
group (by 41.11%). Similar changes were ob-
served for progesterone levels on the 19%-21st
day of menstrual cycle (d.m.c.) in blood serum
of the women with endometriosis-associated
infertility after sclerotherapy; specifically, it
increased by 14.94% compare to the indices
before sclerotherapy, but was by 25.11% lower

compare to the comparison group. Please note
that sclerotherapy did not affect the level of
prolactin (Table 1).

The women with endometriosis-associated
infertility, who underwent pregravid preparation
with a complex vitamin medication comprising
inositol and vitamin D3 as well as sclerotherapy
had significantly lower levels of AMH (by
12.90%), progesterone (by 9.84%) and
significantly higher levels of FSH (by 14.47%),
LH (by 21.14%) estradiol (by 35.55%) compare
to the comparison group. At the same time,
significantly lower levels of FSH (by 21.98%), LH
(by 32.89%) and estradiol (by 32.23%) were
evidenced compare to those before sclero-
therapy (Table 2).

Table 1. Concentration of reproductive hormones in the women with endometriosis-associated
infertility before and after sclerotherapy and no pregravid preparation (Me (Q25; Q75))

. Comparison group | Before sclerotherapy | After sclerotherapy
Indicators (n=30) (n=36) (n=36)
AMH, pmolL/L 1.75 1.50*% 1.50%
(1.56; 1.92) (1.30; 1.73) (1.30; 1.73)
FSH, IU/L 7.95 11.55* 9.60%*
(6.93; 8.50) (10.90; 12.43) (8.78; 10.60)
LH, IU/L 6.15 10.00* 8.55*
(5.45; 6.80) (9.30; 10.70) (7.98; 9.23)
Estradiol on the 2d-3 d.m.c., 36.85 65.85* 52.00%*
pmolL/L (33.70; 40.08) (60.40; 73.90) (48.63; 55.53)
Progesterone on the 19™-21std.m.c. 13.95 9.70% 11.15%
nmol/L (12.63; 15.58) (8.18; 11.43) (9.63; 12.23)
Prolactin, ng/mL 10.95 10.40 10.30
(10.40; 12.28) (9.60; 11.40) (9.50; 11.08)

Notes. Statistically significant difference (p<0.05) compared to: * - the comparison group. Me (Q25; Q75) (median, Q25 and

Q75 quartiles).

Table 2. Concentration of reproductive hormones in the women with endometriosis-associated
infertility before and after sclerotherapy, who underwent pregravid preparation with a complex
vitamin medication comprising inositol and vitamin D3 (Me (Q25; Q75))

. Comparison group | Before sclerotherapy | After sclerotherapy
Indicators (n=30) (n=34) (n=34)
AMH, pmolL/L 1.75 1.55% 1.50%*
(1.56; 1,92) (1.40; 1.78) (1.30; 1.80)
FSH, IU/L 7.95 11.10* 9.10*
(6.93; 8.50) (10.50; 12.40) (8.30; 9.88)
LH, IU/L 6,15 9.90* 7.45%#
(5.45; 6.80) (8.65; 11.00) (6.93; 8.65)
Estradiol on the 2M-37 d.m.c., 36.85 66.05* 49.95%*
pmol/L (33.70; 40.08) (61.50; 74.10) (43.73; 55.38)
Progesterone on the 19™-21std.m.c. 13.95 10,45* 12.70%#
nmol/L (12.63; 15.58) (8.95; 12.48) (11.13; 13.50)
Prolactin, ng/mL 10.95 11.00 10.80
(10.40; 12.28) (9.53; 12.18) (10.00; 12.00)

Note. Statistically significant difference (p<0.05) compared to: * - the comparison group, # - data before sclerotherapy.
Me (Q25; Q75) (median, Q25 and Q75 quartiles).
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In order to compare the data, we analyzed
the effect of pregravid preparation on the
concentration of reproductive hormones in
women with endometriosis-associated infertility
after sclerotherapy, so the value of hormones
before this surgical manipulation, we considered
100%. It was found that the use of a complex
vitamin medication comprising inositol, as well
as vitamin D3 caused a decrease of LH level (by
10.25%), as well as an increase of progesterone
level (by 6.58%).

Discussion

The results of the study proved a positive
effect of sclerotherapy on the endocrine profile
of women with endometriosis-associated
infertility. According to the literature, sclero-
therapy of endometriomas is recommended
for women with recurrent endometrioid cysts
[12] to preserve the ovarian reserve avoiding
surgical excision [13]. It was established that
the recurrence rate after sclerotherapy ranged
from 12.9% to 20% that almost did not differ
from the indicators after laparoscopic cys-
tectomy [14, 15].

It was found out that the number of antral
follicles was increasing in the patients who
underwent sclerotherapy for recurrent endo-
metriomas [16, 17]. The AMH blood level was
an indirect marker of ovarian reserve. In our
study, there were no significant changes in the
AMH level in blood serum before and after
sclerotherapy that is consistent with other
studies [18]. Sclerotherapy can improve ovarian
blood supply and follicle development [16],
which consecutively may increase the probability
of future fertility in the women undergoing
sclerotherapy. The effect of sclerotherapy on
the reproductive hormones level is still doubtful.
Thus, Wang Xiaotao et al. established decreased
levels of E2, FSH and LH [19]. In a study of Saeed
Alborzi et al., the effect of sclerotherapy was
associated with ovarian activity; in particular, a
decrease of the FSH level as well as an increase
of the AMH level and antral follicles [20]. On the
other hand, Aflatoonian A et al. did not prove
any significant difference between the studied
hormones (FSH, LH) before and after sclero-
therapy. The difference of the results may be
due to different sizes of cysts in the studied

female patients (our study involved women
with endometrioid cysts of up to 6.5 cm in
diameter), presence of cystectomy in medical
history, localization (unilateral or bilateral
endometrioma), and recurrence of endometrioid
cysts.

Pregravid preparation with a complex vita-
min medication comprising inositol and vitamin
D3 had an effect. Inositol is a component of
phospholipids and is a part of the cytoplasmic
membranes as a phosphoinositide. Inositol
binds Ca?* channels and stimulates intracellular
release of Ca?*. Increased intracellular Ca?* level
is significant for oocyte maturation, fertilization,
and embryonic development. A sufficient
concentration of inositol in the follicular fluid
reduces the free radicals’ level and membrane
protein damage and increases the number of
good quality oocytes [21]. 1.25-dihydroxy-
vitamin-D3 (vitamin D), except calcium-phos-
phate homeostasis, has a significant immu-
nomodulatory effect (affects the local immune
environment in an autocrine/paracrine way),
affects the processes of cell proliferation and
differentiation. Studies have shown that vitamin
D reduces concentration of anti-inflammatory
cytokines: IL-6, interferon-g, IL-2, and TNF-a
[21]. The combination of vitamin D3 multivitamin
complex comprising inositol leads to normal
ovarian activity, improves metabolic and hor-
monal profile, in particular, controls increased
level of luteinizing hormone and oxidative
stress [22].

Conclusions

Sclerotherapy and pregravid preparation
with a complex vitamin medication comprising
inositol and vitamin D3 has a positive effect on
the endocrine profile in women with endo-
metriosis-associated infertility.
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OCOB/IMBOCTI TOPMOHAJIBHOTO ®OHY JKIHOK 3 BE3IUIIAASAM
HA ®OHI EHAOMETPIO3Y TA METOAH IX KOPEKIIII

. 3 . LI Kynuk, C.B. Xminb
TEPHOIML1bCbKUN HALIOHATIbHN MEANYHWN YHIBEPCUTET IMEHI 1.A. TOPBAYEBCHKOIO,
TEPHOILJ1b, YKPAIHA

BcTtyn. be3nnidds Ha GoHi 2eHIMAALHO20 eHOOMempio3y XapaKmepu3yeMsCa HU3KOK cneyudiyHux
ocobsausocmed, AKi HEOb6XiOHO 8paxysamu npu 8ubopi Memodis NiKy8aHHA.

MeTa pgocnigyKeHHs - npoaHanizysamu KOHYeHmpayito 20pMOoHie penpodyKmueHOI cucmemu y HiHOK 3
6e3n/1i005M Ha GoHi eHOoMempio3y o ma nic/as ckaepomepanii i3 30CMocy8aHHAM npe2pasioapHoi nid2omosku
KOMN/IeKCHUM 8iMAaMIiHHUM npenapamom 3 iHo3Uumo/s1oM ma eimamiHom D3.

MeToaun pocnim>keHHsA. Y docnidxweHHA ysiliuno 70 xiHok sikom 8id 21 0o 40 pokie 3 eHOomempios-
acoyitiosaHum 6e3nniddsam ma 30 HIHOK 3 MpPYy6HO-NepuUMOoHeasbHUM PaKMopoM, AK 2pyna NOpPi8HAHHS.
Bu3Ha4eHHs KOHYeHMpayii 20pMoHie (AHMUMH1/1ep08020 20pMOHY (AMT), p0oa10iKy10CMUMYNHO0H020 20PMOHY
(OCT, nromeinisyroquli 20pmoH (J1I), npozecmepoH ma ecmpadion) npogodusnu 3a donomoz2or IPA 3 suko-
pucmaHHAM Habopie «Diagnostic Systems Laboratories, Inc.» (CLLIA) Ha aHanizamopi «StatFax».

Mpenapam FT 500 plus 011 xciHOK 12pynu npusHa4yanu 8 003ye8aHHi 1 cawe - 1 pa3 e deHb 3 2-20 060 3-20
OHS YUKAY NPOMA20M 2-X MEHCMPYansHUX YUKAI8 (UK Y AKOMY Np0800U/ACE CKAepOo mepanis ma HacmynHul
yukn). Bimamin D3 npusHayascs y npoginakmudHux do3ax 2000 O/ xciHKaMm, y AKUX He Byn10 0ia2HOCMO8AHO
degiyumy daHo20 8imaMiHy ma 8 cepedHbomepanesmMuyHuUx 003axX NpU 2iN08IMAMIHO3i npomsa2om
2-X MeHCMpyansHUX Yyuknis. [poyedypa ckaepomepanii npogoouaacs 8 yMosax cmepusabHoi onepayiliHoi Ha
6-8-li 0eHb MeHCMPYaaAb6HO20 YUKAY WASXOM MPAHCBA2IHANLHOI NyHKYii Kicmu ma acnipayii ii emicmy nio
KOHMposieM mpaHceaziHaA6H020 Y3/, esedeHHS 8 kancyay kKicmu 95 % po34yuHy emaHosy.

Pe3ynbTaTun. Y iHOK 3 6€3n1i00M Ha $OHi eHOoMempio3y, AKUM NPU3HAYAAU npezpasioapHy nNid20mosky
KOMN/eKCHUM 8iMmaMiHHUM hpenapamom 3 iH03umosioM ma eimamiHoM D3 ma nposoduau ckaepomepanito,
8CMQAHO08/1EHO 8ip02i0HO HUXYUl pieeHb AMI (Ha 12,90 %) ma npozecmepoHy (Ha 9,84 %) i 8ipozioHo suwjuli
piseHe @CT (Ha 14,47 %), JII (Ha 21,14 %) ma ecmpadiony (Ha 35,55 %) 8i0HOCHO 2pynu nopieHAHHA. [pu YoMy
8CMQAHO0B/1EHO 8ip02idHO HUMCYi nokasHUKkuU DCI (Ha 21,98 %), JII (Ha 32,89 %) ma ecmpadiony (Ha 32,23 %)
npomu ix 3Ha4yeHb 00 NposedeHHs ckaepomepanii.

BUCHOBKW. Y KOXHOMY KOHKpemHOoMy 8unadky AiKy8aHHA MAE 6ymu iHOUBIdyanbHUM, NOBHICMHIO
8paxos8ysamu 8Ci KAiHIYHI PaKmMopu, @ MAKOX# 8NU8 30X80PHBAHHA MA epekm NiKY8AHHA HA AKICMb Xumms
MHCiHKU. [TposedeHHS ckaepomepanii i3 3acmocy8aHHAM hpezpasioapHoi nid20mosku KOMNAEKCHUM 8iMmaMiHHUM
npenapamom 3 iHo3umosioM ma gimamiHom D3 y xiHok 3 eHOoMempio3-acoyiliosaHum 6e3nai0dam mae
no3umusHuli 8naue Ha 20pMOHANbHUU POH.

K/HOYOBI C/IOBA: 6e3nniaasa; eHAOMeTpios; ropMOHU; CKaepoTepanis; iHo3UToMm; BiTamiH D3.
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PLEURAL ENDOMETRIOSIS: BLOODY PLEURAL EFFUSION IN
A 28-YEAR-OLD FEMALE WITH PRIMARY INFERTILITY (CASE REPORT)

S. Saheer, A. Paul, P. James, R. Palak
CHRISTIAN MEDICAL COLLEGE AND HOSPITAL, TAMIL NADU, INDIA

Background. Endometriosis is defined as presence of endometrial glands outside the uterine cavity and it
most commonly involves the structures within the pelvic cavity. Thoracic endometriosis syndrome usually presents
as pneumothorax, hemoptysis, hemothorax or pulmonary nodules. Endometriosis presenting as hemorrhagic
pleural effusion is rarely reported.

Objectives. The aim of the study was to describe pleural endometriosis presenting as hemorrhagic pleural
effusion and to insist on the role of medical thoracoscopy in making the diagnosis with the help of a case report.

Methods. A case report of pleural endometriosis as a non-resolving hemorrhagic pleural effusion is presented.

Results. A 28-years old female on treatment for her primary infertility presented with non-resolving bloody
pleural effusion and she was on empirical anti-tubercular drugs for the last four months. Medical thoracoscopy
revealed flat brownish grey plaques over the diaphragmatic pleura and the histology of pleural tissue revealed
pleural endometriosis. She was initiated on gonadotropin releasing hormone-leuprolide and there was some

clinico-radiological improvement.

Conclusions. Thoracic endometriosis should be considered as one of the differentials for pleural effusion
in female patient especially on treatment for infertility. Medical thoracoscopy should be the investigation of choice
for evaluating pleural effusions before initiating empirical treatments.

KEYWORDS: pleural endometriosis; catamenial pleural effusion; thoracic endometriosis syndrome;

hemorrhagic pleural effusion.

Introduction

Endometriosis is defined as presence of
endometrial glands outside the uterine cavity
and it most commonly involves the structures
within the pelvic cavity. Thoracic endometriosis
syndrome usually presents as pneumothorax,
hemoptysis, hemothorax or pulmonary
nodules. Pleural endometriosis is characterized
by presence of functional endometrial tissue in
the pleura[1]. Malignancy and tuberculosis are
common causes of hemorrhagic pleural effu-
sion. Endometriosis presenting as hemorrhagic
pleural effusion are rarely reported [2]. Here
we report a case of this rare entity in a 28-years
old female.

Case Report

A 28-years old non-smoker female patient
was referred to our department with moderate
pleural collection after presenting to emergency
department with cough and exertional breath-
lessness. Her cough was dry in nature and her
effort tolerance was around 500 meters. There

*Corresponding Author: Dr. Akhil Paul, Department of Pulmo-
nary Medicine, Christian Medical College and Hospital, Tamil
Nadu, India. E- mail: akhil_pauli@yahoo.com

was no history of fever, chest pain, hemoptysis,
loss of appetite and weight loss. The patient
had significant past history, as she was being
treated for her primary infertility for the last
two years and has received multiple doses of
clomiphene citrate.

As she failed in medical management, she
was advised intrauterine insemination. During
the work up for the above she was incidentally
diagnosed to have right moderate pleural
collection. Diagnostic thoracocentesis revealed
straw colored exudative lymphocytic fluid,
ultrasound guided pleural biopsy was done with
Abram needle and the histopathology revealed
lymphohistiocytic infiltrates. Based on the
above results she was initiated on four anti-
tubercular drugs of rifampicin, isoniazid,
ethambutol and pyrazinamide according to
body weight.

She attained menarche at the age of se-
venteen and had dysmenorrhea in her each
cycle, which lasts for 8-10 days. She had no past
history of diabetes, hypertension, asthma or
tuberculosis. There was no history suggestive
of connective tissue disease. Patient was born
from a non-consanguineous marriage; both
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her parents and siblings were healthy. Her
general examination, cardiovascular, abdominal
and neurological system examinations were
unremarkable. Respiratory examination re-
vealed reduced chest expansion, stony dull note
and reduced breath sounds in right mammary,
interscapular and infrascapular areas.

Her blood investigations revealed hemo-
globin of 12.8 gm/dL, platelets of 2,86,000/pL
and total leukocyte count 8,500/pL with diffe-
rentials (neutrophil 62%, lymphocyte 37%, and
eosinophils 1%). She had normal renal and liver
function (protein and albumin 6.4 and 4.5 g/dL
respectively) tests. Her sputum smears were
negative for acid fast bacilli. Underlying con-
nective tissue and vasculitis were ruled out by
appropriate investigations. Admission chest
X ray showed moderate pleural effusion on the
right side and computed tomography revealed
normal lung parenchyma with moderate
pleural effusion on the right side.

Diagnostic thoracocentesis revealed he-
morrhagic lymphocytic exudative pleural effu-
sion (total cell count: 480/pL mainly lymphocytic
[78%]); proteins: 4.5g/dL; glucose: 107 mg/dL;
LDH: 4551IU/L; adenosine deaminase: 18.6 U/L).
Pleural fluid gram stain, tubercular cultures
were sterile and cytological examination was
negative for malignant cells. Bronchcoscopy
done ruled out endobronchial lesions. Medical
thoracoscopy revealed normal visceral pleura,
minimal adhesions in the posterior costophrenic
recess and flat brownish gray plaques with he-
matoma were noticed in parietal pleura (Fig. 1).

Fig. 1. Medical thoracoscopy revealing flat brownish
gray plaques (black arrows) with hematoma over
diaphragmatic pleura.

Biopsies were obtained from parietal and
diaphragmatic pleura and they revealed
fragments of endometrial glands lined by
columnar cells surrounded by endometrial
stroma along with hemosiderin-laden macro-
phages (Fig. 2).

Fig. 2. Microphotograph of the biopsy specimen
showing foci of endometrial glands surrounded by
endometrial stroma. (H&E x20).

The pleural tissue stained positive for
estrogen receptor and CD 10 immunostains
(Fig. 3).

As the patient presented with pleural effu-
sion the possible etiology considered was for:

- Tuberculosis;

- Malignancy;

- Secondary to connective tissue disease;

- Ovarian hyperstimulation syndrome
secondary to clomiphene.

Tuberculosis and malignancy were ruled
out by histopathology of pleural tissue obtained
by medical thoracoscopy. Similarly, ovarian
hyperstimulation was ruled out clinically by
absence of features like weight gain, abdominal
pain, vomiting, ascites and bilateral pleural
effusion. Connective tissue disease was ruled
out by absence of symptoms, clinical features
and serology. Patient was diagnosed to have
pleural endometriosis and was started on
leuprolide (gonadotropin releasing hormonal
analogue) after getting expert opinion from
gynecologist. Post second day lung thoracoscopy
showed adequate expansion and intercostal
drainage was removed. She was discharged on
leuprolide with the advice to review after three
months. The patient and her family were
educated about the nature of disease; treatment
options and the need of regular follow up. After
three months on follow up the patient showed
good clinical and radiological improvement.

N
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Fig. 3. Immunohistochemical analysis demonstrating positive staining estrogenic receptor and CD 10 stains

(Original magnification x20xdigital magnification).

Discussion

Maurer in 1958 for the first time described
thoracic endometriosis; it is associated with
growth of endometrial tissue in the bronchial
tree, lung parenchyma and pleura [1, 3]. Tho-
racic endometriosis is a rare uncommon entity
and usually it affects right hemi-thorax [3] in
92% and left in 5% of cases. Pleural cavity is
involved more commonly than lung paren-
chyma. The disease usually affects nulliparous
women in their child bearing ages with a peak
incidence between 20-30 years of age. The
common presentations of thoracic endo-
metriosis syndrome (TES) are pneumothorax
(70%), hemothorax (12%), hemoptysis (7%) and
lung nodules (6%) [4]. Chest pain, hemoptysis
and breathing difficulty are common clinical
manifestations of TES and symptoms typically
present in 48-72 hours after start of menst-
ruation.

The exact etiopathogenesis of TES is
unknown, but many hypotheses have been
suggested for presence of endometrial tissue
in the thoracic cavity. Pleural TES is explained
by Ivanoff's metaplasia theory (local metaplasia
of cholemic epithelium) and Sampson’s retro-
grade menstruation theory (trans diaphragmatic
pass of endometrial tissue and implantation in
thoracic cavity). Hematogenous migration of
endometrial tissue via vascular and lymphatic
micro embolization after gynaecological pro-
cedures like caesarean and curettage have
been suggested as causes for parenchymal TES
(hematogenous migration theory/micro-
embolization theory) [1].

TES is diagnosed clinically based on pre-
sence of symptoms during menstruation [1, 5].
Histopathological confirmation is needed for
definitive diagnosis. Thoracoscopy is increa-

singly used as the diagnostic modality for
obtaining tissue for histology. As in our case,
pleural and diaphragmatic implants can be
seen in thoracoscopy and to increase the yield
itis better to perform the procedure during the
menstruation [6]. Medical treatment of TES
includes hormonal manipulation and itinvolves
suppression of ectopic endometrium with oral
contraceptive pills, danazol, progestins and
gonadotropin releasing hormonal analogues
[7]. Surgical intervention is reserved of patients
in whom the disease recurs after hormonal
therapy. Pleurodesis and tissue resection are
the treatment modalities surgically performed

[7].

Conclusion

Pleural endometriosis and ovarian hyper
stimulation syndrome should be among the
differentials for pleural effusion especially in
females on infertility treatment. Medical tho-
racoscopy should be considered as the inves-
tigation of choice for evaluating pleural effu-
sions before initiating on empirical treatments.
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TJIEBPAJIHUI EHAOMETPIO3: TEMOPATTYHU IUTEBPAJIFHUN
BHIIIT V 28-PTYHOI JKIHKH 3 IIEPBUHHOIO BE3IUIITHICTIO
(K/ITHIYHU U BHUITA/IOK)

S. Saheer, A. Paul, P. James, R. Palak
CHRISTIAN MEDICAL COLLEGE AND HOSPITAL, TAMIL NADU, INDIA

BcTyn. EHOoMempio3 Xapakmepu3yemoscs HasI8HICMIO eHOOMempito N03a NOPOXCHUHOK MaMKU i 3a38u4ali
8iH BUABMSAEMbLCA 8 OP2AHAX MAA020 Ma3y. EkKmpazeHimansHa (io20 popma - eHOOMempio3 fe2eHs - 3a38u4ali
MaHipecmye y su2150i NHeEBMOMOPAKCY, KPOBOXAPKAHHSA, 2eMOMOPAKCY abo nezeHegux 8y3uKig. Bkpal pioko
3ycmpiyaromecs N08i0OMIEHHSA NPO eHOoMempio3 e2eHs 3 KAiHIYHUMU NPoS8aMU 2eMOpa2iYHO20 NAespPaabHO20
sunomy.

MeTa. Memoto docnioxceHHs 6yno onucamu eHOoMempio3s se2eHs, Wo MaHipecmysas K 2emopaziyHull
nsaespanbHUl 8UNIM MA NOKA3AMU 8AXIUBICMb MeOUYHOI mopakockonii' y nocmaHosyi 0iazHo3y.

MeTopun. OnucaHo KAiHiYHUU 8UNAdOK pidKiCHOI popmu eHOOMempio3y fezeHb - 2eMOpPa2iYH020
nsaespasnbHo20 sUNomy, AKUl He po3cCMOKMye8ascs.

PesynbTaTw. [IpedcmasneHo kKaiHiYHuli 8unadok 28-pivyHoi ¥iHKU, AKA NiKy8aaacs 3 npusody nepeuHHo20
6e3n.1i005, 3 2eMOpPa2iYHUM NAEBPAALHUM 8UNOMOM, AKUU He po3cMokmysascs. Yepes nidospy Ha mybepkyn603
npomsa2oM 0CMAHHIX YoOMupLOX MiCAYi8 8OHA NPULIMAAA NPU3HAYEHI likapeM Yomupu hpomumy6epKynb03HUX
npenapamu. Medu4yHa mopakockonis 8UA8UAA NAOCKI KOPUYHEBO-CIipi 6AAWKU HAO 0iagpazManLHOK Naesporo,
0 2icmo/102is Nae8panbHOI MKAHUHU 8uA8uUAG eHOoMempio3 naespu. [ayieHmuyi 6yn0 npusHa4veHo aelinponidy
ayemam (cuHmMemuyYHuUl 020HICM 20HAOOMPONIH-PUNIZUH2 20PMOHY), NiC/IA 4020 CNOCMepPi2anocs KAiHiko-
peHmM2eH0/102i4He NOKPAUYeHHS.

BucHOBKMW. [Ipu npogedeHHi dupepeHyianeHoi diazHOCMUKU naespaasHo20 8UNOMYy y NayieHMokK, 0cobaugo
npu niky8aHHi 6e3nnidos 0608°a3k080 €10 po32nadamu imMosipHicms eHOoMempio3y nezeHs. MeduyHa
mopakockonii NoOBUHHA bymu MemodoM 8UbOPYy npu OYiHYi niespaneHo20 sunomy neped NOYAMKOM
eMnipu4Ho20 NiKy8AHHS.

K/TKOYOBI C/TOBA: eHAOMeTpio3 NereHb; KaTaMeHianbHU NaeBpasbHUA BUNIT; reMopariuHui
naeBpasbHUNIA BUNIT.
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DIAGNOSTIC UTILITY OF LEUKOCYTE PARAMETERS
IN THE PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

*D.V. Zhehestovska, M.V. Hrebenyk
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Inflammation is one of the key players in acute myocardial infarction (AMI). One of the ways
to evaluate it indirectly is to analyze leukocyte parameters of complete blood count (CBC), which is a routine and
affordable method of diagnosis. Leukocyte counts can provide additional information about the course, as well
as a potential prognosis for complications of AMIL. We suggest that the dynamic changes of CBC during the
treatment of the patients with AMI may be of value to assess the prognosis of the course of the disease, and
therefore require further study.

Objective. The aim of the study to evaluate the diagnostic and prognostic potential of leukocyte indexes of
CBG, in particular the levels of leukocytes, lymphocytes, neutrophils and N/L, WBC/MPV, PLT/L ratios in the patients
with AMI at the time of hospitalization and on the 7% day of hospital stay.

Methods. The study involved 204 individuals: 152 patients with AMI (Group 1), 30 patients with stable
coronary heart disease (Group 2) and 24 healthy volunteers (Group 3). Hemogram parameters and their ratios,
in particular the levels of leukocytes, lymphocytes, neutrophils, ESR, as well as the ratios of N/L and PLT/L were
studied.

Results. Levels of leukocytes, neutrophils, lymphocytes, as well as N/L, WBC/MPV, MPV/L ratios were
significantly higher in the patients with AMI compared to other groups. The best diagnostic value had such
indicators as the total number of leukocytes (sensitivity 71.7%, specificity 69.7%, AUC 0.794), the absolute number
of granulocytes (sensitivity 81.7%, specificity 77.4%, AUC 0.803), the N/L ratio (sensitivity 75.0%, specificity 71.7%,
AUC 0.791) and the WBC/MPV ratio (sensitivity 76.7%, specificity 62.3%, AUC 0.760). The PLT/L ratio calculated on
the 7t day of hospital stay correlated with the risk of in-hospital (r=0.369, p=0.002) and 6-month mortality (r=0.338,
p=0.004) according to the GRACE score.

Conclusions. Leukocytes, granulocytes, N/L and WBC/MPV ratios had a fairly high diagnostic value for the
patients with AMI. Regarding the prognostic potential assessment, only the PLT/L ratio on the 7% day of
hospitalization correlated with the risk of in-hospital and 6-month mortality. This proves the importance of
assessing CBC parameters not only at the time of hospitalization, but also in the dynamics of AML

KEYWORDS: inflammation; acute myocardial infarction; complete blood count; leukocytes.
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Introduction

Inflammation plays a key role in the
pathophysiology of acute myocardial infarction
(AMI), both at the time of its development and
later on [1, 2]. Leukocytes are the main cont-
ributors in the formation and subsequent
destabilization of fibroatheroma. At the same
time, they are closely related to activation of
platelets increasing their prothrombotic po-
tential [3, 4]. Different white blood cell (WBC)
subtypes play their own role in this process.
There are several studies that prove not only
the diagnostic but also the prognostic value of
assessment of leukocyte indexes and their
ratios in management of the patients with AMI
*Corresponding author: Diana Zhehestovska, PhD student,

I. Horbachevsky Ternopil National Medical University, Ternopil,
46000, Ukraine. E-mail: zhehestovska_dv@tdmu.edu.ua

[5-7]. However, most of these works are focu-
sed on the complete blood count (CBC) para-
meters only at the time of hospitalization. We
suggest that the dynamic changes of CBC
during treatment of the patients with AMI may
be of value to assess the prognosis of the disea-
se course and therefore require further study.

Methods

The study involved 152 inpatients with AMI -
Group 1. Besides, two more study groups were
formed: a comparison group, which included
patients with stable ischemic heart disease
(SIHD) (n=30) - Group 2, and a control group of
healthy volunteers (n=28) - Group 3. The study
was carried out at Ternopil City Municipal
Hospital No. 2 (Ukraine) in October 2018 - June
2019.
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The diagnosis of AMI was verified following
the clinical guidelines [8, 9]. Clinical symptoms
of AMI, in particular the duration of angina
pectoris and symptom-to-balloon time, the
results of biochemical blood tests, angiographic
protocols were evaluated. In addition, the risk
of complications for acute coronary syndrome
was assessed using the GRACE score [10, 11].

Blood sampling was performed from the
ulnar vein in the first hour and on the 7" day
after hospitalization. CBC was performed using
an automated hematology analyzer; in addition,
a manual count of leukocyte fractions in peri-
pheral blood was performed, as well as the
erythrocyte sedimentation rate measurement
(ESR).

Statistical data was processed using the
application package SPSS v25.0, as well as
Microsoft Excel spreadsheets. The data were
presented in the format of “mean + standard
error of the mean”. The significance of the diffe-
rences between the two independent samples
in the case of normal data distribution was
determined using the Student’s t-test; in the
case of abnormal data distribution - the non-pa-
rametric Mann-Whitney test. To compare three
or more independent samples, one-factor ana-
lysis of variances was used - the ANOVA (analysis
of variance), in the case of abnormal data
distribution - the Kruskal-Wallis ranking criterion.

The ROC analysis was used to identify the
diagnostic value of individual ZAK indicators.
Such parameters as an area under the curve
(AUCQ), as well as the sensitivity and specificity
of the test, were analyzed.

The Pearson’s correlation analysis was used
to assess the relationships between the studied
indicators with a normal distribution of data,
and the Spearman’s correlation analysis - in
the case of abnormal distribution. The null
hypothesis was denied at p<0.05. The correlation
coefficient was evaluated according to the
following criteria: r<0.3 - weak relationship;
r=0.30-0.49 - moderate; r=0.50-0.69 - sig-
nificant; r=0.70 - 0.89 - strong; r>0.90 - very
strong, close to the functional association.

Results

A mean age of the patients with AMI was
(62.91+10.90) years old, among them the male
predominated (n=116, 76.3%). More than half
of the subjects had concomitant pathology in
the form of hypertension (n=134, 88.16%) and
diabetes mellitus (n=29, 19.08%).

Comparing the parameters of the CBC
between the three groups (Table 1) it was
established that in the group of patients with
AMI the level of leukocytes was significantly
higher than in the control and comparison
groups. There was no significant difference in

Table 1. Comparison of CBC parameters between the patients with AMI,
SIHD and healthy volunteers

Group 1 Group 2 Group 3 P-value P value
(n=152) (n=30) (n=24) (ANOVA)
Age, years 63.11+0.89 56.13+1.66 45.75+3.30 <0.001 0.012bc
Men, n (%) 116 (76.3) 24 (77.4) 17 (70.8) NS NS
WBC, 10°/L 9.10+0.24 6.89+0.26 6.45+0.35 <0.001 <0.0012b
Lymphocytes, 10°/L 1.85+0.13 2.14+0.12 2.40+0.18 0.038 0.023°
Monocytes, 10°/L 0.51+0.06 0.64+0.16 0.78+0.20 NS NS
Granulocytes, 10°/L 7.01+0.41 5.29+0.94 3.6610.33 0.001 <0.001°
N/L ratio 5.54+0.64 2.53+0.31 1.64+0.17 <0.001 <0.0012P
0.015¢
WBC/MPV ratio 1.03+0.05 0.76+0.03 0.78+0.04 <0.001 <0.001°
0.002° i
MPV/L ratio 7.00+0.66 4.6310.36 5.13+0.31 0.001 0.0022 s
<0.001° 5
PLT/L ratio 161.59+11.86 113.99+9.07 114.36+7.83 0.004 0.022 E
0.001° 48|
ESR, mm/hour 11.20+0.75 8.26+0.81 7.71+0.92 0.048 <0.052P =
Notes: é
a - comparing groups 1 and 2, b - comparing groups 1 and 3, ¢ - comparing groups 2 and 3. Z.
NS - not significant ~
WBC - white blood cells, N/L ratio - neutrophils to lymphocytes ratio, WBC/MPV ratio - white blood cells to mean platelet volume Fa
ratio, MF"V/L rat/:o - mean platelet volume to lymphocyte ratio, PLT/L ratio - platelet count to lymphocytes ratio, ESR - erythro- E
cyte sedimentation rate. —
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the absolute number of lymphocytes and
granulocytes between the AMI and comparison
groups, but such differences were found when
comparing the AMI patients and healthy
volunteers: in the AMI group, there was a
significantly lower lymphocyte count and
higher granulocytes. The N/L ratio differed
between the three groups and was the highest
in the patients with AMI (p<0.001).

The ratios that simultaneously reflected two
links in the pathogenesis of coronary heart
disease: inflammation and platelet activation,
such as PLT/L, WBC/MPV and MPV/L, were of
particular interest. All of them were significantly
higher in the patients with AMI, compared with
the control and comparison groups.

Taking into account the obtained results of
average values comparison, the diagnostic
value was determined, as well as the sensitivity
and specificity of certain parameters of the CBC
in the patients with AMI (Fig. 1).

As seen in Table 2, the indicators such as
total leukocyte count, absolute granulocyte
count, N/L ratio, and WBC/MPV ratio were of
the best diagnostic value.

A negative correlation was found between
symptom-to-balloon time and the absolute
level of lymphocytes (r=-0.38; p=0.008), while

/ WBC
y ~ — Granylocytes
Reference line

Sensitivity
AN

0.0 02 04 06 08 10

1-  Specificity

the positive correlation was determined with
the following indicators: the N/L (r=0.370;
p=0.07), PLT/L (r=0.380; p=0.06) and MPV/L
(r=0.351; p=0.011) ratios. Also relationships
were found between the duration of angina,
i.e. the duration of ischemia and the number
of granulocytes (r=0.366; p=0.004), the N/L
(r=0.370; p=0.004) and PLT/L (r=0.260; p=0.045)
ratios and the number of lymphocytes (r=-
0.268; p=0.038).

The relationship between the level of CPK
MB and the N/L ratio (r=0.567; p<0.001), as well
as hematocrit (r=0.406; p=0.004) was also
established.

Any significant relationships between CBC
and prognostic markers of AMI, such as the
GRACE score, have not been established at this
stage.

The dynamics of general blood test in the
patients with AMI were further analyzed
(Table 3).

A decrease in the levels of leukocytes and
neutrophils was evidenced (p<0.001 and
p=0.012).Instead, the ESRincreased significantly.

Discussion
High levels of neutrophils in the patients
with AMI found in our study are associated with
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Fig. 1. Receiver operating characteristics analysis of leukocyte parameters in the AMI patients.

Table 2. Diagnostic sensitivity and specificity of the CBC parameters in the AMI patients

AUC Sensitivity, % Specificity, % Cut-off point
WBC, 10°/L 0.794 71.7 69.7 7.61
Granulocytes, 10°/L 0.803 81.7 77.4 4.99
N/L ratio 0.791 75.0 71.7 2.40
PIt/L ratio 0.654 65.0 52.8 108.49
WBC/MPV ratio 0.760 76.7 62.3 0.85
MPV/L ratio 0.051 66.7 64.2 4.44

Notes: AUC - area under the curve. WBC - white blood cells, N/L ratio - neutrophils to lymphocytes ratio, WBC/MPV ratio - white
blood cells to mean platelet volume ratio, MPV/L ratio - mean platelet volume to lymphocyte ratio, PLT/L ratio - platelet count

to lymphocytes ratio, ESR - erythrocyte sedimentation rate.
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Table 3. Comparison of CBC parameters in the AMI patients at the time of hospitalization
and on the 7*" day after MI

Day 1 Day 7 P value
WBC, 10°/L 9.34+0.32 8.07+0.27 <0.001
Lymphocytes, 10°/L 2.10£0.19 2.09+0.17 NS
Monocytes, 10°/L 0.57+0.11 0.71+0.17 NS
Granulocytes, 10°/L 6.74+0.50 5.30+£0.49 0.012
N/L ratio 4.28+0.63 2.92+0.29 NS
WBC/MPV ratio 1.06+0.8 0.88+0.05 NS
MPV/L ratio 7.16+1.02 4.58+0.28 0.015
PIt/L ratio 141.45+14.50 145.31+£12.05 NS
ESR, mm/hour 12.34+1.21 22.88+1.45 <0.001

Notes. WBC - white blood cells, N/L ratio - neutrophils to lymphocytes ratio, WBC/MPV ratio - white blood cells to mean plate-
let volume ratio, MPV/L ratio - mean platelet volume to lymphocyte ratio, PLT/L ratio - platelet count to lymphocytes ratio,

ESR - erythrocyte sedimentation rate.

the formation of platelet-leukocyte aggregates
in the lumen of the vessel that leads to their
increase in the area of myocardial infarction.
Also, neutrophils can affect platelet function by
direct adhesion or by secretory factors. In
contrast, the number of lymphocytes in AMI
tends to decrease. We were able to confirm this
pattern when comparing patients with AMI and
healthy volunteers, at the same time there were
no differences in the group of patients with
stable coronary heart disease. This can be
explained by the fact that the decrease in the
number of lymphocytes is associated with
physiological stress, which leads to increased
cortisol levels and activates the process of
apoptosis in the lymphocytes [12]. Thus, in the
case of early admission to the hospital, this
index may simply not have time to decrease.
This is confirmed by the correlation we found,
according to which the longer the angina
pectoris lasted, the lower the patient's lym-
phocyte level was.

Given that neutrophils and lymphocytes are
the cells with the opposite effect in the context
of vascular inflammation, it is important to
assess not only their absolute numbers but also
the balance between them. One of the potential
ways to do this is to evaluate the N/L ratio,
which is considered to be an indicator of
systemic inflammation [13]. According to our
results, it not only significantly differed in the
patients from the study and comparison
groups, but also proved a significant positive
correlation with the marker of myocardial
necrosis - CPK MB.

When assessing the hemogram on the 7
day, a significant decrease in the level of leuko-
cytes, due to neutrophils, and an increase in
ESR were noted. This phenomenon is also

known as the “scissors symptom” or “crossover
symptom” and is an evidence of the necro-
resorptive syndrome, denoted by a systemic
inflammatory response to the entry of myo-
cardial breakdown products into the blood-
stream. Thus, the number of neutrophils, which
is traditionally the highest on the 1+-37 day after
the development of AMI, dets to norm on the
5t-7t days due to active phagocytosis of dead
neutrophils in the infarct area provided by
macrophages [10]. The increase of ESR is
caused by the fact that normally the charge of
the erythrocyte membrane is negative and this
allows them to repel each other. At the same
time, pro-inflammatory proteins, in particular
fibrinogen and C-reactive protein, have a
positive charge and can significantly affect the
state of the erythrocyte membrane causing
their further aggregation [11].

When assessing the prognostic potential of
individual indicators of CBC, we were able to
identify it only in relation to the PLT/L ratio on
the 7t day of AML. The fact that the PLT/L ratio
correlated with the risk of mortality only in 1
week is most likely explained by the platelet
resistance to antiplatelet therapy during the
treatment course, as well as to the stimulating
effect of inflammation on megakaryocyte
proliferation [14, 15]. The advantage of PLT/L
ratio, compared to individual leukocyte and
platelet indices, is that it reflects two inter-
dependent processes of inflammation and
platelet activation and has already proven to
be a good prognostic marker of AM], in par-
ticularregarding the prediction of left ventricular
(LV) thrombus, remodeling of LV in the post-
infarction period, as well as all-case mortality
[14, 16-18].
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Conclusions

Levels of leukocytes, granulocytes, lympho-
cytes, as well as N/L, WBC/MPV ratios, are
available and informative markers that provide
additional information about the processes of
inflammation during the acute phase of
myocardial infarction.

We were unable to establish a link between
CBC indexes at the time of hospitalization and
prognostic factors of AMI. Instead, the para-
meters that were obtained on the 7" day of
treatment, in particular the PLT/L ratio was
associated with the risk of in-hospital and

importance of assessing the CBC indexes and
ratios in the patients with AMI in the dynamics
as an inexpensive and informative method for
Post-MI risk stratification.
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6-month mortality. Thus, we emphasize the

JIATHOCTHUYHI MO>XJIMBOCTI TEMKOITUTAPHIX ITOKA3HHUKIB CEPE/]
IMTATIIEHTIB 3 TOCTPUM IH®APKTOM MIOKAPJA

. . . A.B. XXerectoBcbka, M.B. pe6eHnK
TEPHOIIIbCbKUN AEPKABHUN MEANYHWN YHIBEPCUTET IMEHI I. 5. TOPBAYEBCHKOIO,
TEPHOILJ1b, YKPAIHA

BcTyn. 3anaseHHA 8idizpae 8U3HAYANLHY pO/ab 8 Npoyeci po3sumKy ma nepebicy 20cmpoz20 iHpapkmy
miokapda (MM). AHani3 nelikoyumapHUX NOKA3HUKI8 3020/16H020 aHANi3y Kposi (3AK) € 00HUM i3 cnocobie io2o
onocepedko8aHOI OYiHKU, ye pymuHHul i docmynHuli Memood diazHocmuku. Mu npunyckaemo, ujo OUHAMIYHI
3MmiHu napamempie 3AK e npoyeci nikysaHHA nayieHmie 3 [IM Moxyme cmaHosumu YiHHicme, 30kpema i 0414
OUIHKU Np02HO3y Noda/bWo20 nepebizy 30X80pHO8AHHS, O MOMY NomMpebyroms Noda6WO020 8UBHEHHS.

MeTa. OyiHumu diaeHocmu4HuUl ma npo2Hocmu4Huli nomeHyian nelikoyumapHux iHoekcie 3AK, 30kpema
KinekicHUx pieHie nelikoyumie (WBC), aimpoyumis (L), Helimpoginie (N) ma cnisgioHoweHs N/L, WBC/MPV
(cepedHb020 pieHA mnpomb6oyumie, MPV), PLT/L (cniggioHoweHHA Yucaa mpomboyumie 00 Kinekocmi
niMmgpoyumis) y nayieHmie 3 ['IM Ha momeHm 2ocnimanizayii ma Ha 7-My doby nepeby8aHHS 8 cmayioHapi.

MaTepianu Ta meToan. B docnioxeHHi 83410 yyacme 204 ocobu (152 nayieHmis 3 [IM (Tpyna 1), 30
nayieHmie 3 cmabinbHoto IXC (Tpyna 2) ma 24 30oposi dobposonbyi (Mpyna 3)). Aocnidxiysanu NOKA3HUKU
2emMo2pamMu ma ix cniegioHOWeHHS, 30KpeMa pisHi nelikoyumis, nimpoyumis, Helimpoginis, LLIOE, a makoxc
cniesioHoweHs N/L ratio ma PLT/L ratio.

PesynbTaTu. PigHi nelikoyumis, Helimpoginis, nimpoyumis, a makoxc aioHoweHHa N/L, WBC/MPV, MPV/L
6yu docmosipHo suwUMU ceped nayieHmis 3 ['IM nopigHAHO i3 iHWuUMU 2pynamu. Halikpawjoro dia2HOCMUYHOK
YiHHICMI0 804100i1U MAKi NOKA3HUKU, K 302a/6HA Kinbkicme nelikoyumie (Yymausicme 71,7%, cnequ@iyHicmes
69,7%, AUC 0,794), abcontomHa kinekicme 2paHynoyumis (yymausicme 81,7%, cneyugiuHicme77,4%, AUC 0,803),
gioHoweHHs N/L (yymausicme 75,0%, cneyugiyHicms 71,7%, AUC 0,791) ma WBC/MPV (yymausicme 76,7%,
cneyugiyHicme 62,3%, AUC 0,760). CniesioHoweHHs PLT/L supaxysaHe Ha 7-uli 0eHb nepebysaHH:A 8 cmayioHapi
KOpes1r08as10 3 pU3UKoM 20cnimasnsHoi (r = 0,369, p = 0,002) ma 6-mu micsyHoi cmepmHocmi (r = 0,338; p = 0,004).

BucHoBKMW. [Toka3HUKU aelikoyumis, paHynoyumie ma cniegioHoweHHs N/L i WBC/MPV gonodinu dogoni
8UCOKOI 0ia2HOCMUYHO YiHHICMIo ceped nayieHmie 3 [IM. Cmoco8HO oyiHKU Npo2HOCMUYHO020 nomeHyiany,
mo auwe gidHoweHHA PLT/L Ha 7-uli 0eHb 20cnimanizayii Kopeareano 3 pu3uUKoOM 20CNimansHoi ma 6-mu
Mica4HoI cMepmHocmi. Lje ekasye Ha saxciugicme oyiHku 3AK He auwe Ha MomeHm 2ochimanizayiti, a U 8
ouHamiyi nepeb6izy M.

K/TKOYOBI C/1OBA: 3ananeHHsi; rocTpuii iHpapKT Miokapga; 3arajibHuiA aHani3 KpoBi; 1eAkouuTH.
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EFFECTS OF HEMOTOXIC SNAKE BITE ENVENOMATION
ON HAEMATOLOGICAL PARAMETERS VARIABILITY IN PREDICTING
COMPLICATIONS

M.P. Harikrishnan, *C.R. Anil Kumar, M.K. Anand, J. Earali
JUBILEE MISSION MEDICAL COLLEGE AND RESEARCH INSTITUTE, THRISSUR, INDIA

Background. Snake bite envenomation is a major public health problem in India with a high mortality rate.
The major complications following a hemotoxic snake bite are disseminated intravascular coagulation (DIC),
shock, acute kidney injury (AKI), acute respiratory distress syndrome (ARDS) and coagulopathy. The study explores
a possible correlation of the haematological parameters studied to complications like DIC, AKI, acute renal failure

INTERNAL MEDICINE

(ARF), ARDS, shock and gastrointestinal (GI) bleed.

Objective. The aim of the study was to find out the effect of snakebite envenomation on the major
haematological parameters of the body in relation to complications.

Methods. This cross-sectional study was conducted during a period of 18 months. 150 patients were included
in the study after obtaining their informed consents. Data collection was done using a proforma. The study also
compared clotting time (CT) by capillary tube method and whole blood clotting time at 20 minutes (WBCTZ20).

SPSS software was used for statistical analysis.

Results. Among the people with complications, the majority (52%) of participants had AKI, 26% of them
requiring dialysis, 16.7% participants had GI bleed, 11.3% participants had shock and 10% participants had DIC.
Conclusions. A prolonged bleeding time was found to be one of the most helpful haematological parameters
in predicting shock and AKL Clotting time by both capillary tube and WBCT20 methods were comparable in

predicting complications.

KEYWORDS: hemotoxic snake bite; acute kidney injury; shock; clotting time; bleeding time.

Introduction

Snakebite envenomation is a major public
health problem in India with a high mortality
rate [1]. The WHO estimates that there are
81000 snake envenomation in India per annum
with a mortality of 11000 (13.5%) [2]. It has been
reported that there are 5 million snake bites
with 2.5 million envenomation and 125,000
fatalities worldwide annually [3]. India is
reported to have the highest number of snake
bites (81,000) and deaths (11,000) per year [3].
Snakebite is considered as one of the neglected
tropical diseases by the WHO [4]. The mortality
due to snakebites in India is due to various
socioeconomic, cultural and environmental
causes [5]. Among the 52 species of venomous
snakes in India, 4 species are responsible for
greatest number of snake bites which are
medically significant. These are referred to as
the big four, Bungarus caeruleus (common
krait), Daboia russelii (Russel’s viper), Echis
carinatus (saw scaled viper), Naja naja (Indian
cobra). But recently it has been discovered that
another species, the hump-pit viper (Hypnale

*Corresponding author: Anil Kumar CR, Associate Professor,
Jubilee Mission Medical College and Research Institute, Thris-
sur, 680005, India. E-mail: anilkumarcr3005@gmail.com

hypnale), is capable of causing lethal enve-
nomation [6].

The venomous snakes found in India can
be classified per the type and action of venom
as Neurotoxic (Cobra, Krait) and Hemotoxic
(Vipers). Then main complaints are pain and
swelling at the site of snake bite [7-11].

The major complications following hemo-
toxic snake bite are disseminated intravascular
coagulation (DIC), shock, acute kidney injury
(AKI), acute respiratory distress syndrome
(ARDS) and coagulopathy [12]. AKIis one of the
serious complications developing after snake
bite [13,14]. Early identification of hemotoxic
envenomation and anti-snake venom (ASV)
administration may help decrease morbidity
and mortality [15].

The study tries to find out the common
complications after hemotoxic snake bites and
to explore a possible correlation of the haema-
tological parameters to complications. The
study also compares clotting time by capillary
tube method and WBCT20. ASV administration
is currently based on prolongation of WBCT20.
Capillary tube method for estimating CT could
be used in a resource poor setting, if the
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predictability of the test is comparable to that
of WBCT20. In a study by Ratnayake et al [16]
the diagnostic utility of WBCT20 was determined
at the time of admission and it was found out
that it had got sensitivity of 82% and specificity
of 98% in detecting venom induced consumption
coagulopathy (VICC). The aim of the study was
to assess the value of haematological para-
meters, i.e. bleeding time (BT), clotting time
(CT), prothrombin time (PT), activated partial
thromboplastin time (aPTT) in predicting the
complications. The primary objective was to
assess the effect of snake bite on the major
haematological parameters of the body in
relation to complications.

Methods

This cross-sectional study was conducted
over a period of 18 months after obtaining
clearance from the institutional ethics com-
mittee. A total of 150 patients, who were above
18 years of age, had given written informed
consent and had clinical features of hemotoxic
envenomation or increase of any of the eva-
luated haematological parameters as bleeding
time (BT), clotting time (CT), prothrombin time
(PT), activated partial thromboplastin time
(aPTT), were included in the study. Convenient
sampling was done.

The patients who had not given written
informed consent and the patients with bites
other than hemotoxic snakebites were excluded
from the study. Any patient who is a known case
of bleeding disorder, chronic alcoholic, with
acute or chronic liver disease, pregnant females
and on anticoagulation therapy were excluded
from the current study. After admission a comp-
lete history was taken and a thorough clinical
examination was conducted. As per the pro-
tocol followed in our Institute, all patients bitten
by poisonous snakes received polyvalent anti
snake venom (ASV), within 15 minutes of
reaching the hospital, provided they had clinical
features of envenomation. The patients with
no initial features of envenomation were ad-
ministered with ASV as soon as they exhibited
first signs of envenomation.

Initial blood samples collected from the
patients admitted with hemotoxic envenomation
were sent for complete hemogram, random
blood sugar (RBS), renal function tests (RFT),
liver function tests (LFT), serum electrolytes and
important coagulation parameters including
BT, CT (both WBCT20 and capillary tube me-
thods), PT with INR, D-dimer and a PTT. All
patients with features of envenomation were

administered with 10 vials of ASV. The response
was monitored clinically by doing WBCT20 and
Clotting Time (CT) using the capillary tube
method, with 2 hour intervals if prolonged
initially, otherwise with 6 hour intervals.

If the features of envenomation were per-
sistent or if the WBCT20 was prolonged after 6
hours of first dose, a repeated dose of 10 vials
of ASV was given. Blood parameters like BT, CT,
PT, APTT and D-dimer were investigated as per
the protocol. The first sample of blood was
taken on admission for evaluating BT, CT, PT
with INR, and APTT. BT was subsequently
estimated 2 times with a 5 minute interval, then
in 2 hours, 4 hours, and 6 hours after admission.
Then every 6 hours if prolonged. Once normal,
it was repeated once daily. CT was estimated
at time of admission. If in norm, CT was re-
peated with 6 hour intervals for 1 day to test
for requirement of ASV. If prolonged, it was
tested with 2 hour intervals till the normal rate.
CT was estimated by 20-minute whole blood
clotting method (WBCT20) and capillary tube
method for comparison study. APTT was done
on the 15t day and 7" day, but PT was done at
the time of admission and daily. D-dimer was
done when there was prolongation of CT on 3
consecutive occasions. ASV was given according
to the standard protocol with administration of
ASV every 6 hours till normal coagulation
profile.

A bite was considered hemotoxic, if the
culprit snake is identified as hemotoxic or by
coagulopathy as suggested by haematological
parameters. AKI was defined as the increase of
serum creatinine >0.3 mg/dL within 48 hours
or increase in serum creatininein 21.5 times
from baseline. AKI staging was performed
according to the “Kidney Disease: improving
global outcomes” (KDIGO) clinical practice
guidelines [17]. Shock was defined by a systolic
blood pressure of <90 mmHg with evidence of
tissue hypoperfusion (<0.5 mL/kg/h decrease
in urine output, cold skin, and or requiring
inotropic drugs). The data was collected,
occurrence of complications and derangement
in haematological parameters were studied and
analysed. The data collected was recorded in a
standard data collection sheet as per study
proforma and later transferred to Microsoft
Excel spread sheet for statistical analysis.
Complications like AKI, shock were considered
as primary outcome variables. CT by capillary
tube and WBCT20 at different time periods, BT,
PT, aPTT etc. were considered as explanatory
variables.
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Descriptive analysis was carried out by
frequency and proportion for categorical
variables. Categorical outcomes were compared
between the study groups using the Chi square
test / the Fisher's Exact test (if the overall
sample size was <20 or if the expected number
in any one of the cells was <5, Fisher's exact
test was used). P value <0.05 was considered
statistically significant. IBM SPSS version 22 was
used for statistical analysis [18].

Results

In the study it was observed that the snake
bites were more common in males. Out of 150
subjects in our study, 24 (16.0%) cases, were
bites by Russel’s viper, 4 (2.7%) cases by krait,
2 (1.3%) cases by hump nosed pit viper and 120
(80.0%) were unidentified. The patients included
in the study, who had any comorbidity,
accounted for 36.0% of the study population
(Table 1).

Among the complications, the majority
(52%) of participants had AKI, 26% of them
required dialysis; 16.7% participants had GI
bleed; 11.3% participants had shock and 10%
participants had DIC (Table 2).

Association between AKI and shock with
various parameters have been shown in the
Table below (Table 3). At the time of admission,
11 patients (47.8%) presenting with AKI
reported prolonged CT (capillary tube).
However, in 6 hours 22 (100%) participants with
prolonged CT had AKI. A majority of 36 (60%)
participants reported AKI with normal WBCT20
at the time of admission. The occurrence of AKI
was evidenced in 30 (81%) participants with
prolonged WBCT20 in 6 hours. The occurrence
of AKIwas found in 17 (58.6%) participants with
PT >16.50 seconds. All participants with APTT
>35 reported AKI (Table 3). WBCT20 and CT by
capillary tube method in 6 hours were
comparable in predicting AKI.

Table 1. Summary of baseline parameters in study population (n= 150)
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Parameter | Summary (number, %) Parameter Summary (number, %)
Age Abdominal pain 45 (30%)
18-30 37 (24.7%) Neurological signs 28 (18.7%)
31-40 30 (20%) Respiratory distress 25(16.7%)
41-50 29 (19.3%) Low back ache 20 (13.3%)
51-60 27 (18%) Bleeding from any site 15 (10%)
61-65 27 (18%) Respiratory failure 15 (10%)
Gender ARDS 11 (7.3%)
Male 98 (65.3%) Hematemesis 4(2.7%)
Female 52 (34.7%) Comorbidities
Place of Bite Diabetes Mellitus 25 (16.7%)
Indoor 1(0.7%) Hypertension 24 (16%)
Outdoor 149 (99.3%) Ischemic Heart 0 (0%)
Snake Type Disease
Russel’s Viper 24 (16%) Respiratory Failure 0 (0%)
Krait 4(2.7%) Bronchial Asthma 11 (7.3%)
Hump nosed pit viper 2(1.3%) Chronic Obstructive 23 (15.3%)
Unidentified 120 (80%) Lung Disease

Classical Bite

43(28.7%)

CT pro

Local Reaction

65 (43.3%)

At the Time of admission

23 (15.3%)

Cellulitis 27 (18%) 2 Hours 36 (24%)
Gangrene 8 (5.3%) 4 Hours 29 (19.3%)
Ecchymoses/Bleeding 14 (9.3%) 6 Hours-12 hours 49 (32.03%)
Comorbidities 54 (36%) Day 2 4(2.7%)

Pain at bite site

128 (83.3%)

WBC T20-Prolonged

Numbness 125 (83.3%) At the time of admission 90 (60%)
Sweating 98 (65.3%) 2 Hours 61 (40.7%)
Periorbital oedema 71 (47.3%) 4 Hours 48 (32%)
Vomiting 64 (42.7%) 6 Hours-12 hours 86 (57.3%)
Facial puffiness 48 (32%) Day 2 15 (10%)
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Table 2. Summary of the complications observed (N=150)

Complications Summary (number, %)
AKI 78 (52%)
Acute Renal Failure (AKI requiring dialysis) 39 (26%)
Dialysis done 39 (26%)

GI Bleed 25(16.7%)
Shock 17 (11.3%)
DIC 15 (10%)
ARDS 11 (7.3%)
Reaction to ASV 6 (4%)
Mortality 2 (1.3%)
Intra Cerebral Bleed 0 (0%)
Hypopituitarism 0 (0%)
Guillain Barre Syndrome 0 (0%)
Peripheral Neuropathy 0 (0%)

Table 3. Association of different parameters with AKI

AKI
Parameter Present | Absent P Value
CT capillary tube at the time of admission
Prolonged (N=23) 11(47.8%) 12 (52.2%) 0.663
Normal (N=127) 67 (52.8%) 60 (47.2%) '
CT capillary tube in 6 hours
Prolonged (N=22) 22 (100%) 0 (0%) N
Normal (N=120) 48 (40%) 72 (60%)
WBCT20 at admission
Prolonged (N=90) 42 (46.7%) 48 (53.3%) 0.109
Normal (N=60) 36 (60%) 24 (40%) '
WBCT20 at 6 hours
Prolonged (N=37) 30 (81%) 7 (19%) <0.001
Normal (N=105) 40 (38%) 65 (62%) '
BT

>7 (N=12) 12 (100%) 0 (0%) %
<7 (N=138) 66 (47.8%) 72 (52.2%)
>16.50 (N=29) 17 (58.6%) 12 (41.4%)

0.319
<16.50 (N=116) 56 (48.3%) 60 (51.7%)

APTT

>35 (N=23) 23 (100%) 0 (0%) *
<35 (N=123) 51 (41.5%) 72 (58.5%)

*No statistical tests were applied due to 0 values in one of the cells.

The occurrence of shock was found in 6
(26.1%) participants with prolonged CT at the
time of admission (P value of 0.039). However,
11 (50%) participants had shock with prolonged
CT in 6 hours (P value <0.001). The occurrence
of shock was found in 11 (12.2%) participants
with normal WBCT20 at admission. 17 (42%)
participants with prolonged WBCT20in 6 hours

reported shock. The occurrence of shock was
found to be statistically significant with p value
of <0.001 and the proportion of shock was 8
(66.7%) with BT >7 seconds. The occurrence of
shock was found to be significant with a P value
0f <0.001 in 7 (30.4%) participants with >35 APTT
(Table 4).
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Table 4. Association of different parameters with shock

Shock
Parameter Present | Absent P Value
CT capillary tube at the time of admission
Prolonged (N=23) 6 (26.1%) 17 (73.9%) 0.039
Normal (N=127) 11 (8.7%) 116 (91.3%) ’
CT capillary tube at 6 Hours
Prolonged (N=22) 11 (50%) 11 (50%) <0.001
Normal (N=120) 6 (5%) 114 (95%) '
WBCT20 at Admission
Prolonged (N=90) 11(12.2%) 79 (87.8%) 0.875
Normal (N=60) 6 (10%) 54 (90%) )
WBCT20 at 6 Hours
Prolonged (N=37) 17 (46%) 20 (54%) .
Normal (N=105) 0 (0%) 105 (100%)
BT
>7 (N=12) 8 (66.7%) 4(33.3%) <0.001
<7 (N=138) 9 (6.5%) 129 (93.5%) '
PT
>16.50 (N=29) 12 (41.4%) 17 (58.6%) *
<16.50 (N=116) 0 (0%) 116 (100%)
APTT
>35 (N=23) 7 (30.4%) 16 (69.6%) <0.001
<35 (N=123) 6 (4.9%) 117 (95.1%) )

*No statistical tests were applied due to 0 values in one of the cells.

Discussion

In this study, shock was seen in 11.3% of the
total cases, AKI in 52 %, ARF (AKI requiring
dialysis) in 26% and gastro intestinal bleed in
16.7%. A comparatively higher incidence of
shock was reported by Harshavardhan et al.
[19] in their study on hemotoxic snake bite
cases (36%). But a comparable value (10.38%)
to our study was reported by Kumar et al. [20].

Acute kidney injury (AKI) was established in
52% of the cases in the present study. A so-
mewhat similar value was observed (30.71%)
in a previous study [21]. Bhalla et al studied the
clinical profile of snake bite in a tertiary centre
and observed AKI in 47.6% of the cases [22].
Similar study on outcomes of snakebite
poisoning in a tertiary centre by Meenakshi B
et al. reported AKI in 44% of cases.

Proteins are an important constituent of
snake venoms and they are encoded by poly-
adenylated mRNA in the venomous glands (125
and 20S) [21]. Besides proteins, the other
components present in snake venom include
lipids, polysaccharides, nucleotides, nucleosides,
free amino acids, riboflavin, serotonin and
histamine. Pharmacologically active substances

of the venom are enzymes and low molecular
weight peptides. The main sites of action of
these enzymes are cell membranes, the vas-
cular wall and the blood coagulation cascade
[20, 22]. Snake venom, mainly those of Viperidae,
contain also molecules that act on the four
interconnected blood systems (i) the coagulation
system, (ii) fibrinolytic system, (i) complement
and (iv) the kinin system [22].

Shock is consistently the single most
important factor in mortality due to Indian viper
bite poisoning. The pattern of shock observed
shows early transient shock, early sustained
shock and late onset shock. Shock is caused by
reduction in the circulating blood volume due
to a venom-mediated generalized increase in
endothelial permeability. Apart from this,
massive limb oedema can lead to considerable
compartmentalization of blood and plasma.
Pulmonary intravascular coagulation, pul-
monary oedema caused by increased pulmonary
vascular permeability, and cardiotoxic effects
of the venom may also be contributory.

The kidney is a highly vascularized organ
with excretory function, so itis prone to venom
toxicity. AKI, the most significant of all the renal
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manifestations, has been reported to be of
varying frequency in different studies [23].
Many studies have appeared in literature on
snake bite-induced AKI over a decade. Phos-
pholipase A2 is the most widespread and
extensively studied of all venom enzymes. It
damages mitochondria, red blood cells, leu-
cocytes, platelets, skeletal muscle, vascular
endothelium, and other membranes and leads
to auto pharmacological release of histamine
and anti-coagulants. Viper bites cause various
systemic symptoms such as coagulopathy,
haemolysis, AKI, a generalized increase in
capillary permeability and rhabdomyolysis [23].
Haemoglobinuria caused by intra-vascular
haemolysis and myoglobinuria resulting from
rhabdomyolysis contributes to development of
AKI. Haemorrhage, hypotension, disseminated
intravascular coagulation, intravascular hae-
molysis, and rhabdomyolysis enhance renal
ischemia leading to renal failure. Enzymatic
activities of snake venoms account for direct
nephrotoxicity and immunologic mechanism is
insignificant [24].

Avariety of factors contribute to shock like
fright, hypovolemia (due to extravasation of
fluids and blood loss), myocardial depression,
haemorrhage into the adrenals and pituitary.

Conclusions

A prolonged clotting time as obtained by
capillary tube method in 6 hours is helpful in
predicting development of shock. However,
since AKI occurred even in those patients
having normal clotting time and WBCT20, these
parameters may not be useful as predictors of
AKI. Prolonged CT by capillary tube method and
WBCT20 in 6 hours were comparable in pre-
dicting AKI. Prolongation of more than 16.5
seconds in prothrombin time was helpful in

predicting the development of shock. However
prolonged prothrombin time (>16.50) was not
useful in predicting AKI. A prolonged APTT more
than 35 seconds was helpful in predicting the
onset of shock and AKI. A prolonged bleeding
time was found to be one of the most helpful
haematological parameters in predicting shock
and AKI.

Limitations of the study

A comparatively low number of 150 cases
may have strained the generalizations derived
by the study. Parameters like CT by capillary
tube method did not have a control test
measured in patients with non-poisonous
snake bite envenomation. A degree of individual
variability was inevitable in the evaluation of CT
both by capillary tube and WBCT20 methods as
well as that of BT. The duration of envenomation
prior to admission has not been taken into
account in this study, possibly affecting the
correlation between haematological parameters
and development of complications.

Conflicts of Interest

Authors declare no conflict of interest.

Authors’ Contributions

Harikrishnan M.P. - data curation; inves-
tigation; methodology; supervision; writing -
original draft; writing - review & editing.

Anil Kumar C.R. - data curation; investigation;
supervision; project administration; metho-
dology; supervision; writing - original draft;
writing - review & editing.

Anand M.K. - data curation; investigation;
methodology; supervision; writing - original
draft; writing - review & editing.

Jerry Earali - data curation; investigation;
methodology; supervision; writing - original
draft; writing - review & editing.

BAPIABE/IBHICTb TEMATOJIOTTYHHUX ITAPAMETPIB SIK IIPEAUKTOP
PO3BUTKY YCKIAZHEHD IIICJIS IIOTPAIUISIHHSL B OPTAHI3M
TEMOTOKCHUYHOI OTPYTH BHACJ/IIAOK YVKVCY 3MII

M.P. Harikrishnan, *C.R. Anil Kumar, M.K. Anand, Jerry Earali
JUBILEE MISSION MEDICAL COLLEGE AND RESEARCH INSTITUTE, THRISSUR, INDIA

Bctyn. O0Ha 3 Halibinbuwiux npobaem 3ak1adie 0XopoHU 300poe’s 8 IHOIi - yKycu 3mili, ki Cynpo8ooHyromecs
8ucokor fiemansHicmro. Halibinew Yacmi ycknadHeHHS, SIKi po38usaoMbCs 8HACAIOOK NOMPANASIHHS 8 OP2aHI3M
2eMOMOKCUYHOI 3MiTHOI ompymu, ye cCuHOpPOM AUCEMIHOBAHO20 BHYMPIWHbLOCYOUHHO20 320pMAHHS (AB3), WOk,
20cmpe ypaxceHHs HUpoK (I'YH), 2cocmpuli pecnipamopHuli ducmpec cuHdpom (FTPAC) ma kooazysaonamis.

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 2

M.P. Harikrishnan et al.

N

7



Mema OocnioxceHHs - docnioumu MoxIuBUl 83GEMO38'A30K MiX 4ACMOMOK PO3BUMKY YCKAAOHEHb AK
AB3, I'YH, 2ocmpa Hupkosa HedocmamHicme (THH), TPAC, wok ma KuwKo8o-WyHKO8i Kpogomedi.

MeToawm. Lie nepexpecHe docnidxceHHs nposodusnocs enpodosxc 18 micayis. byno 3anyqero 150 nayieHmis,
AKi hidonucanu noiHpopmosaHy 3200y. 36ip 0aHUX NPo8oOUIU 30 DONOMO20K CneyiansHo po3pobaeHoi popmu.
Takoxc 0ocnioxysanu weuodkicme 320pMaHHA Kposi 30 00NOMO20t0 KaninAapa ma 20-XxeUAUHHO20 mecmy Ha
320pMaHHA YinbHoI kposi (aHz21. 20WBCT, noKa3HUKU Koazyno02pamu. 18 cmamucmu4Hoi 06pobku ompuMaHux

INTERNAL MEDICINE

0aHUX suKopucmosysanu npo2pamHe 3abeznevyeHHs IBM SPSS Statistics.

PesynbtaTul. Ceped nokycaHux ntodel, y AKUX pO3BUHYAUCA YCKAAOHEHHS, y binswocmi (52%) po3euHynocs
I'YH, sHacnidok 4020 26% ceped Hux nompebysanu 0ianisy, y 16,7% y4yacHuUKie 00CnidxeHHs 6yau KUUWKO80-
winyHkosi kposomedi, y 11,3% - posguHyscs wok, y 10% po3suHyscs /AB3.

BucHoBKU. Ceped 00Cn1i0xy8aHUX 2eMAMO/102i4HUX napamempie 04158 Npo2HO3y8AHHS PO38UMKY
YCKAAOHEeHb (20CMpPo20 ypaxeHHA HUPOK ma WOKy) nicas ykycy 3mii Halibinew iHpopMamusHuUmMu 6ys
nodoexceHul 4Yac 320pMaHHS Kposi. 06udea Memoodu 00C1idXeHHS 320pMAHHSA KPO8i i 3a 00NOM020t0 Kaninsapa
i WBCT20 6yau penesaHmHi ma Kopenro.asnu npu npo2HO3y8aHHI YCKAAOHeH b,

K/TKOYOBI C/1OBA: reMOTOKCMYHA 3MiiHa OTPYTa; YKYC 3Mii; rocTpe ypa>keHHS HNPOK; LLOK; Yac

3ropTaHHA KpOBi; Yac KpoBoTeui.

Information about the authors

Harikrishnan M.P. - Senior Resident, MD General Medicine, Department of Medicine, Jubilee Mission

Medical College and Research Institute, Thrissur.

ORCID: 0000-0003=3452-5588 email: harikrishnapuram@gmail.com
Anil Kumar C.R. - MD General Medicine, Associate Professor, Department of Medicine, Jubilee Mission

Medical College and Research Institute, Thrissur.

ORCID: 0000-0002-6397-2005 email: anilkumarcr3005@gmail.com
Anand M.K. - MD General Medicine, Assistant Professor, Department of Medicine, Jubilee Mission

Medical College and Research Institute, Thrissur.

ORCID: 0000-0002-0164-8402 email: anandmk92@yahoo.in
Jerry Earali - MD General Medicine, Professor, Department of Medicine, Jubilee Mission Medical College

and Research Institute, Thrissur.

ORCID: 0000-0003-2880-1259 email: jeyearali@gmail.com

References

1. Dandona R, Kumar GA, Kharyal A, George S,
Akbar M, Dandona L. Mortality due to snakebite and
other venomous animals in the Indian state of Bihar:
Findings from a representative mortality study. PLoS
One 2018;13:e0198900.

DOI: https://doi.org/10.1371/journal.pone.
0198900.

2. Kasturiratne A, Wickremasinghe AR, De Silva N,
Gunawardena NK, Pathmeswaran A, Premaratna R,
et al. The global burden of snakebite: A literature
analysis and modelling based on regional estimates
of envenoming and deaths. PLoS Med 2008;5:1591-
604.

DOI: https://doi.org/10.1371/journal.pmed.
0050218.

3. Menon JC, Joseph JK. Complications of hemo-
toxic snakebite in India. Toxinology Clin Toxinology
Asia Pacific Africa 2015;35:209-32.

DOLI: https://doi.org/10.1007/978-94-007-6386-
9 22.

4. Kasturiratne A, Wickremasinghe AR, de Sil-
va NG, NK, Pathmeswaran A, Premaratna R, Savioli L,
Lalloo DG D, HJ. S. The global burden of snakebite:
aliterature analysis and modelling based on regional

estimates of envenoming and deaths. PLoS Med
2008;5:e218.

DOI: https://doi.org/10.1371.

5.Menon J, Joseph JK, Kulkarni K. Treatment of
snakebites - a resumé. Cobra 2007;1:1-21.

6. Chippaux JP. Snake-bites: Appraisal of the
global situation. Bull World Health Organ 1998;76:
515-24.

7.Lavonas EJ, Gerardo CJ, O'Malley G, Arnold TC,
Bush SP, Banner W, et al. Initial Experience with
Crotalidae Polyvalent Immune Fab (Ovine) Antivenom
in the Treatment of Copperhead Snakebite. Ann
Emerg Med 2004;43:200-6.

DOL: https://doi.org/10.1016/j.annemergmed.
2003.08.009.

8. Yin S, Kokko J, Lavonas E, Mlynarchek S,
Bogdan G, Schaeffer T. Factors associated with
difficulty achieving initial control with Crotalidae
polyvalent immune fab antivenom in snakebite
patients. Acad Emerg Med 2011;18:46-52.

DOI: https://doi.org/10.1111/j.1553-2712.
2010.00958.x.

9. Gerardo (], Evans CS, Kuchibhatla M, Drake WG,
Mando-Vandrick JD, Yen M, et al. Time to Antivenom

oo

M.P. Harikrishnan et al.

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 2



Administration in Snakebite. Ann Emerg Med 2013;
62:544.

DOL: https://doi.org/10.1016/j.annemergmed.
2013.07.403.

10. Lavonas EJ, Kerns WP, Gerardo CJ, Richard-
son W, Whitlow K, Berkoff DJ. 328: Long-Term Limb
Function Outcomes Following Copperhead Snakebite.
Ann Emerg Med 2008;52:5141-2.

DOL: https://doi.org/10.1016/j.annemergmed.
2008.06.354.

11. Thorson A, Lavonas EJ, Rouse AM, Kerns WP.
Copperhead envenomations in the Carolinas. |
Toxicol - Clin Toxicol 2003;41:29-35.

DOI: https://doi.org/10.1081/CLT-120018268.

12. Knudsen C, Laustsen AH. Recent advances in
next generation snakebite antivenoms. Trop Med
Infect Dis 2018;3.

DOI: https://doi.org/10.3390/tropical-
med3020042.

13. Kanjanabuch T, Sitprija V. Snakebite Nephro-
toxicity in Asia. Semin Nephrol 2008;28:363-72.

DOI: https://doi.org/10.1016/j.semnephrol.
2008.04.005.

14. Chugh KS. Snake-bite-induced acute renal
failure in India. Kidney Int 1989;35:891-907.

DOI: https://doi.org/10.1038/ki.1989.70.

15. Greene S, Bush SP. What percentage of snake
species are venomous? Medscape 2020.

https://www.medscape.com/answers/ 168828-
39085/what-percentage-of-snake-species-are-veno-
mou (accessed March 18, 2020).

16. Ratnayake I, Shihana F, Dissanayake DM,
Buckley NA, Maduwage K, Isbister GK. Performance
of the 20-minute whole blood clotting test in de-
tecting venom induced consumption coagulopathy
from Russell’s viper (Daboia russelii) bites. Thromb
Haemost 2017;117:500-7.

DOI: https://doi.org/10.1160/TH16-10-0769.

17. Palevsky PM, Liu KD, Brophy PD, Chawla LS,
Parikh CR, Thakar CV, et al. KDOQI US commentary
on the 2012 KDIGO clinical practice guideline for
acute kidney injury. AmJ Kidney Dis. 2013;61:649-72.

DOI: https://doi.org/10.1053/j.ajkd.2013.02.349.

18.1IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM
Corp n.d.

19. Harshavardhan L, Lokesh A), Tejeshwari HL,
Halesha BR, Metri SS. A study on the acute kidney
injury in snake bite victims in a tertiary care centre.
J Clin Diagnostic Res 2013;7:853-6.

DOI: https://doi.org/10.7860/JCDR/2013/
5495.2957.

20. Kumar KS, Narayanan S, Udayabhaskaran V,
Thulaseedharan NK. Clinical and epidemiologic
profile and predictors of outcome of poisonous
snake bites - an analysis of 1,500 cases from a tertiary
care center in Malabar, North Kerala, India. Int] Gen
Med 2018;11:209-16.

DOLI: https://doi.org/10.2147/]JGM.5136153.

21. Simpson ID, Norris RL. Snakes of medical
importance in India: is the concept of the “Big 4" still
relevant and useful? Wilderness Environ Med
2007;18:2-9.

DOI: https://doi.org/10.1580/06-weme-co-
023r1.1.

22. Bhalla G, Mhaskar D, Agarwal A. A study of
clinical profile of snake bite at a tertiary care centre.
Toxicol Int 2014;21:203-8.

DOI: https://doi.org/10.4103/0971-6580.139811.

23. Mallow D, Ludwig D NG. True vipers: natural
history and toxinology of Old World vipers. vol. 41.
Krieger Publishing Company; 2003.

DOI: https://doi.org/10.5860/choice.41-2177.

24. Tun-Pe, Phillips RE, Warrell DA, Moore RA,
Tin-Nu-Swe, Myint-Lwin, et al. Acute and chronic
pituitary failure resembling Sheehan’s syndrome
following bites by Russell’s viper in Burma. Lancet
(London, England) 1987;2:763-7.

DOI: https://doi.org/10.1016/s0140-6736(87)
92500-1.

25. Fatah C. Pathophysiological and Pharma-
cological Effects of Snake Venom Components:
Molecular Targets. J Clin Toxicol 2014;04.

DOI: https://doi.org/10.4172/2161-0495.
1000190.

Received 16 Nov 2020; revised 3 Dec 2020;
accepted 7 Dec 2020.

This is open access article distributed under the Creative Com-
mons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the
original work is properly cited.

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 2

M.P. Harikrishnan et al.

N

9



International Journal of Medicine and Medical Research
2020, Volume 6, Issue 2, p. 30-36
copyright © 2020, TNMU, All Rights Reserved

DOI 10.11603/IJ]MMR.2413-6077.2020.2.11688

POLYMORPHISMS OF INSULIN RECEPTOR SUBSTRATE 1 AS A RISK
FACTOR FOR TYPE 2 DIABETES MELLITUS, OBESITY AND CHRONIC
PANCREATITIS AMONG POPULATION OF TERNOPIL REGION

U.P. Hevko, M.I. Marushchak
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The course of type 2 diabetes mellitus (T2DM), obesity and chronic pancreatitis (CP) in most
cases is not isolated, so it requires broadening the knowledge about the pathogenetic links at their combined
course. Despite significant advances in genome research, most of the genetic factors that cause development of
T2DM are still unclear.

Objective. The aim of the study was to establish the prevalence of IRS1 gene polymorphism in the patients
with T2DM as well as obesity and CP.

Methods. The study involved 33 patients with T2DM who were hospitalized in the endocrinology department
of Ternopil University Hospital in 2019-2020 and 10 apparently healthy patients. Analysis of IRST gene
polymorphism (SNP in the promoter region - rs2943640; gene localization 2q36.3) was performed on the basis
of polymerase chain reaction data using specific primers.

Results. It was found that the frequencies of the genotype responsible for C/A polymorphism of IRS1 gene
in T2DM, T2DM with obesity and in the combined course of T2DM with obesity and CP did not deviate significantly
from the Hardy-Weinberg equilibrium (p>0.05). The patients with combined course of T2DM, obesity and chronic
pancreatitis experienced a probable influence of genotypes C/C and C/A of IRST gene on the development of the
studied comorbidity (p<0.05), which is confirmed by a probable difference in the dominant model of IRST gene

INTERNAL MEDICINE

inheritance only when T2DM was combined with obesity and CP compared to the control group (p<0.001).
Conclusions. The presence of the C allele in both homozygous and heterozygous states may increase the
risk of T2DM comorbidity, obesity and CP in the population of Ternopil region.
KEYWORDS: type 2 diabetes mellitus; obesity; chronic pancreatitis; insulin receptor substrate 1;

genes polymorphism.

Introduction

Type 2 diabetes mellitus (T2DM) is a multi-
factorial genetic disease that causes significant
morbidity and mortality worldwide [1]. Multi-
morbidity, the presence of two or more chronic
diseases [2], is typical for patients with T2DM,
which makes multimorbidity in this population
a significant clinical issue. Nowakowska et al.
found out that almost 75% of patients had at
least one additional comorbidity at the time of
T2DM diagnosis, and 44% - at least two co-
morbidities [3]. Other studies indicate diabetic
complications in 90% [4], 91.4% [5], 84.6% [6],
44% [7] of patients with T2DM, which probably
depends on the age and gender coverage of
the respondents in the study.

The course of T2DM, obesity and chronic
pancreatitis (CP) in most cases is not defined,
so it requires broadening the knowledge about
the pathogenetic links at their combined course

*Corresponding author: Mariya Marushchak, Department of
Functional and Laboratory Diagnostics, I. Horbachevsky Ter-
nopil National Medical University, 1 Maidan Voli, 46001 Ter-
nopil, Ukraine. E-mail: marushchak@tdmu.edu.ua

[8-11]. It is obvious that T2DM is a poorly cont-
rolled epidemic that requires active research of
the mechanisms of development, features of
the course, methods of prevention, treatment
and prevention of complications [12]. Despite
significant advances in genome research, most
of the genetic factors that cause development
of T2DM are still unclear [13, 14]. The insulin
receptor substrate (IRS) is a key central receptor
in transmission of insulin signals. Several IRS
polymorphisms have been identified, but the
Gly to Arg 972 substitution of IRS1 probably is
pathogenetically crucial in the development of
T2DM [15].

Therefore, the aim of our study was to
establish the prevalence of IRS1 gene poly-
morphism in the patients with type 2 diabetes
mellitus as well as obesity and chronic pan-
creatitis.

Methods
The study involved 33 patients with T2DM
who were hospitalized in the endocrinology

(=]
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department of Ternopil University Hospital in
2019-2020 and 10 apparently healthy patients.
The distribution of groups is presented in
Table 1.

There was no significant difference in age
and gender between the patients of experi-
mental groups. All patients were informed of
the purpose of the clinical trial and gave written
informed consent to participate in it. The
privacy of the patient’s identity and health has
been maintained.

Verification of T2DM was performed in
accordance with the recommendations of the
American Diabetes Association (2019) [16]. The
criteria for T2DM diagnosing were based on the
rate of glycated hemoglobin (HbA1c) (>6.5%),
which was determined using the COBAS 6000
automatic biochemical analyzer (Roche Hitachi,
Germany).

Verification of chronic pancreatitis (CP) was
based on the Unified Clinical Protocol of Pri-
mary, Secondary (Specialized) Medical Care and
Medical Rehabilitation “Chronic Pancreatitis”
and the recommendations of the American
Pancreatic Association [15,16].

BMI was calculated by the BMI formula =
body weight (kg) / height (m?). The data were
interpreted according to the WHO recommen-
dations: normal weight in the range of 20.0-
24.9 kg/m? overweight (pre-obesity) - 25.0-
29.9 kg/m?; class 1 obesity - 30.0-34.9 kg/m?;
class 2 obesity - 35.0-39.9 kg/m? and class 3
obesity >40 kg/m? [17].

Inclusion criteria were: clinical, laboratory
and instrumental signs of T2DM, CP and obe-
sity, no severe increase (not more than in 3
times from the upper of norm maximum) of
alpha-amylase, lipase, ALT, AST, alkaline
phosphatase, gamma-glutamyltranspeptidase
in the blood.

Exclusion criteria from the study were: signs
of clinically significant neurological, mental,
renal, hepatic, immunological, gastrointestinal,
urogenital disorders, musculoskeletal lesions,
skin, sense organs, endocrine (except T2DM)
or hematological diseases that were uncont-

threatening heart diseases, malignant neo-
plasms not in complete remission for at least 5
years, medication (drug) dependence, alcohol
dependence.

Analysis of IRS1 gene polymorphism (SNP
in the promoter region - rs2943640; gene loca-
lization - 2936.3) was performed on the basis
of polymerase chain reaction data using specific
primers. Genomic DNA was extracted from
peripheral blood leukocytes using a commer-
cially available DNA isolation kit (QIAamp Blood
DNA Mini Kit, QIAGEN, Germany). The rs2943640
IRS1 gene polymorphism was genotyped using
the TagMan real-time PCR method (Applied
Biosystems, Foster City, CA, USA). Three geno-
types of IRS1 polymorphism (rs2943640) were
defined (C/C, C/A and A/A).

Statistical analysis of the data was performed
using the STATISTICA 7.0 software. The Hardy-
Weinberg equilibrium was used to verify the
conformity of the genotypes of the selected
samples to the general population. Comparison
of the frequencies observed and expected,
calculated according to the formula p2 + 2pq +
g2 =1 (the Hardy-Weinberg equilibrium), was
performed using the Pearson’s chi-square x2.
In assessment of the reliability coefficient
p>0.05, the null hypothesis of the samples
equality was taken into the account, i.e. the
correspondence of the selected sample to the
general population.

Comparative analysis of frequency tables
was performed using the Pearson’s chi-square
x? and two-tailed p-value for Fisher’s exact test
(in cases of the expected frequencies of indi-
vidual indicators not exceeding 5).

To evaluate the influence of the factor (the
presence of a certain genotype or allele of the
gene) on the disease incidence, calculation of the
odds ratio (OR), its 95% confidence interval (CI)
and the reliability coefficient p-value was used.

Results

Insulin receptor substrate (IRS) molecules
are key mediators in transmission of insulin
signals. Several polymorphisms have been

rolled, acute pancreatitis, unstable or life- defined in IRS genes, but only the Gly to Arg Lé

S

Table 1. Characteristic features of the study groups (n=44) a

Group Ne Characteristics of the group n % =

1 T2DM patients with normal body weight without chronic pancreatitis 9 22.7 é

2 T2DM patients with overweight / obesity without chronic pancreatitis 14 31.9 o

3 T2DM pa‘tl'ents with overweight / obesity with concomitant chronic 10 227 5|

pancreatitis ~

4 Apparently healthy patients (control) 10 22.7 E
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972 substitution of IRS-1 is pathogenically
crucial in development of T2DM. However,
other polymorphisms described in IRS-1 gene
are associated with insulin resistance (IR) in
T2DM. The frequency distribution of poly-
morphic genotypes of IRS1 gene (rs2943640)
and verification of conformity with the Hardy-
Weinberg population equilibrium were perfor-
med in the experimental and control groups. It
was found out that the frequencies of the
genotype responsible for C/A polymorphism of
IRS1 gene in T2DM, T2DM with obesity and at
the combined course of T2DM with obesity and
CP did not deviate significantly from the Hardy-
Weinberg equilibrium (p>0.05), while in the
control group the selected sample did not
correspond to the general population (Table 2).

The corresponding frequencies for the
genotypes of IRS1 gene were as follows: 66.7%
for C/A and 33.3% for A/A in the experimental

group 1; 21.4% for C/A, 64.3% for C/Aand 14.3%
for A/Aiin the group 2; 70.0% for C/A, 10.0% for
C/Aand 20.0% for A/Ain the group 3 and 100.0%
for C/A in the control group (Table 3).

The frequencies of alleles of IRS1 gene in
the patients involved in the study are presented
in Table 2. In the patients with T2DM the allele
C predominated, in the patients with T2DM +
obesity + CP - allele A, while in the patients with
T2DM + obesity and in the control group, the C
allele and the A allele were almost equal.

The obtained results, presented in Table 4,
indicate the absence of a statistically significant
relationship between the factor (presence of
alleles C or A) and the disease incidence
(p>0.05).

Evaluation of the reliability coefficientin the
analysis of odds ratio showed probable influ-
ence of the genotypes C/C and C/A of the IRS1
gene on development of T2DM combined with

Table 2. Polymorphism of IRS1 genes (rs2943640) according to the Hardy-Weinberg
equilibrium in T2DM and its comorbidity

T2DM

Genotypes (Group 1)

T2DM+obesity
(Group 2)

T2DM+obesity+CP

(Group 3) Control

Expected| Present

Expected | Present

Expected|Present Expected | Present

Polymorphism of IRS1 gene (rs2943640)

Homozygotes C/C 1 0 4,0 3 6.4 7 2.5 0
that are common

Heterozygotes C/A 4 6 7.0 9 3.2 1 5 10
Homozygotes A/A 4 3 3.0 2 0.4 2 2.5 0
that are rare

X2 p X?=2.25; p>0.05 x?=1.20; p>0.05 X?=2.45; p>0.05 | x?>=10.00; p<0.01*

Table 3. Frequency of the alleles of the IRS1 genes (rs2943640) in T2DM and its comorbidity

T2DM T2DM+obesity | T2DM+obesity+CP
Control
Frequency of alleles (group 1) (group 2) (group 3)
n | % n % n | % n | %

Polymorphism of IRS1 gene (rs2943640)

Allele C 6 33.33 15 53.57 16 80.00 10 50.00
Allele A 12 66.67 13 46.43 4 20.00 10 50.00
p, (patients/control) p.=0.342 p.=0.999 p.=0.096 -

Table 4. The odds ratio for alleles in different study groups in T2DM and its comorbidity

IRS1 gene (rs2943640)
Group Allele C Allele A
OR 95 % CI p OR 95 % CI p
T2DM 0.50 0.13-1.86 >0.05 2.00 0.54-7.45 >0.05
(Group 1)
T2DM+obesity 1.15 0.37-3.64 >0.05 0.87 0.27-2.73 >0.05
(Group 2)
T2DM+obesity+CP 4.00 0.98-16.27 >0.05 0.25 0.06-1.02 >0.05
(Group 3)

N
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obesity and CP (p<0.05) (Table 5). This is con-
firmed by a probable difference in the dominant
model of IRS1 gene inheritance only in the
group with combination of T2DM as well as
obesity and CP compared with the control
group (reliability coefficient for the chi-square
p<0.001). Thus, the presence of the C allele in
both homozygous and heterozygous states
may increase the risk of T2DM comorbidity,
obesity and CP (Table 6).

It should be noted that in recessive models
of IRS1 gene inheritance in T2DM, T2DM +

obesity and T2DM + obesity + CP no significant
differences were established compared with
the control group, but there was also a tendency
to increase in the probability of development
of these diseases in the presence of C allele
(Table 7).

Discussion

It is established that genes are crucial in
development of T2DM. Researchers have
suggested the interaction between many ge-
netic factors and environmental factors that

Table 5. The odds ratio for genotypes in different study groups in T2DM and its comorbidity

Genotype
Group Polymorphism of IRS1 gene (rs2943640)
CcC CA AA
OR 95 % CI OR 95 % CI OR 95% CI

T2DM 1.11 0.02-61.38 0.09 0.01-2.00 11.31 0.50-256.21
(Group 1)

T2DM+obesity 6.39 0.29-138.94 1.73 0.03-99.96 4.20 0.18-97.55
(Group 2)

T2DM+obesity+CP 71.40% 3.00-1696.84 0.002* 0.001-0.13 6.18 0.26-146.79
(Group 3)

Note. * - p<0.05.

Table 6. Dominant model of IRS1 gene inheritance (rs2943640) in T2DM and its comorbidity

Genotypes Experlme;tal group Cor:/trol b, OR 959 CI 0
T2DM (Group 1)
c/C 0 0 - 1.11 0.02-61.38 >0.05
C/A+A/A 100.00 100.00 0.90 0.02-50.25 >0.05
T2DM-+obesity (Group 2)
c/C 21.43 0 0.239 6.39 0.29-138.94 >0.05
C/A+A/A 78.57 100.00 0.16 0.01-3.40 >0.05
T2DM+obesity+CP (Group 3)
c/C 80.00 0 <0.001* 71.40 3.00-1696.84| 0.008*
C/A+A/A 20.00 100.00 0.01 0.001-0.33 0.008*

Note. * - statistically significant results.

Table 7. Recessive model of IRS1 inheritance (rs2943640) in T2DM and its comorbidity

Genotypes Experlme;)tal group Co[:/:rol b, OR 95 9% CI 0 .

T2DM (Group 1) %

C/C+C/A 66.67 100.00 0.087 0.09 0.01-2.00 >0.05 E

A/A 33.33 0 11.31 0.50-256.21 >0.05 48|

T2DM+obesity (Group 2) =

C/C+C/A 85.71 100.00 0.493 0.24 0.01-5.53 >0.05 —

A/A 14.29 0 6.18 0.26-146.79 >0.05 <Zc

T2DM+obesity+CP (Group 3) 2

C/C+C/A 80.00 100.00 0.474 0.16 0.01-3.85 >0.05 E

A/A 20.00 0 6.18 | 0.26-146.79 | >0.05 Z
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contribute to the disease development [20].
However, there are only isolated data in the
literature on the role of IRS1 polymorphism
(rs2943640) in increased susceptibility to T2DM.
Thus, Langenberg C et al. presented the results
of the InterAct study, which proved the effect
of C allele of IRS1 gene polymorphism
(rs2943640) on the risk of T2DM development
[21]. In the study prepared by Liu J and et al. 8
SNPs associated with T2DM were found,
including rs2943640 variant of IRS1 gene, which
was also associated with body mass index [22].

A study of the physical activity genetics
made by Loos RJ et al., which included IRS1
(rs2943640) among the studied genes, showed
an increased interaction of the gene with the
risk of diabetes, in particular, a dependence on
genetic susceptibility to insulin resistance [23].
Another interesting result of this study is the
established data on the higher genetic risk of
T2DM in individuals with the highest level of
physical activity that is consistent with the
large-scale study of Langenberg et al. (24), in
which the predicted effect of T2DM genetic risk
was the strongest among young, lean, and
physically active individuals [21]. It should be
noted that according to Karaderi T. et al.,
rs2943640 variant of IRS1 gene is associated
with decreased BMI [24]. Our results prove the
effect of C allele of IRS1 gene (rs2943640) on
the increased susceptibility to the combination
of T2DM+obesity+CP, but there is no probable
effect of the factor (alleles C and A) on deve-
lopment of only T2DM and T2DM+obesity.
There are no data in the literature on the role
of IRS1 gene (variant rs2943640) in increased
susceptibility to CP.

There are some limitations in this study that
need to be considered when interpreting its
results: the sample size is too small, so it is
difficult to find significant relationships between

the data; inclusion into the experimental
groups only of patients with comorbidity
T2DM+obesity and T2DM+obesity+CP; patients
were not randomly selected generating a
potential selection bias. Therefore, we cannot
exclude the hypothesis that the evaluated
patients do not represent the whole population
of the patients with comorbid T2DM, but these
results are the first step in finding genes for
increased susceptibility to the studied patho-
logy, they reflect a more heterogeneous real-
world population characteristic in clinical
practice.

Conclusions

The patients with combined course of
T2DM, obesity and chronic pancreatitis have a
probable influence of genotypes C/C and C/A
of IRS1 gene on development of the studied
comorbidity (p<0.05) that is confirmed by a
probable difference in the dominant model of
IRS1 gene inheritance only when T2DM is
combined with obesity and CP compare to the
control group (p<0.001). Thus, the presence of
the C allele in both homozygous and hete-
rozygous states may increase the risk of T2DM
comorbidity, obesity and CP in the population
of Ternopil region.
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IMOJIMOP®I3M CYBCTPATY IHCYJIIHOBHX PEIIEIITOPIB 1 TUIIY
SAK ®AKTOP PU3HUKY PO3BHUTKY IVKPOBOI'O AIABETY 2 THUILY,
IIOEAHAHOTI'O 3 OKHPIHHAM TA XPOHIYHHUM ITAHKPEATUTOM
V HACEJIEHHA TEPHOIILJILCHKOI OBJIACTI

Y.M. leeko, M.I. MapyLiak

TEPHOML/IbChbKW HALIIOHATIbHUI MEAVYHWI YHIBEPCUTET IMEHI 1.5 FOPEAYEBCHKOIO MO3 YKPAIHM,

TEPHOIML/Ib, YKPAIHA

Bctyn. [lepebiz yykposozo diabemy 2 muny (T2DM), oxUpiHHA ma XpoHiYH020 haHkpeamumy (CP) 8
6inbwWoCcMi sunadkie He € i30/1608aHUM, MOMY nompebye no2iubieHHs 3HaHb CMOCOBHO NAMO2eHemMUYHUX

~
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JAIGHOK Npu iX NOEOHAHOMY nepebizy. He3saxcarouu HA 3HAYHI ychixu y 00CAIOHEHHAX 2eHOMY, binbwicme
2eHeMUYHUX pakmopis, Wo CNPUYUHIOMb Po38umMok T2DM, 3aauwaromescs Hegu3Ha4YeHUMU.

MeTa focnig>KeHHs - 8CMaHO8UMU NOWUPeEHHS NoiMopi3My 2eHa cybcmpamy iHCyniHo8UX peyenmopie
1 muny (IRS1) y xeopux Ha T2DM y no€OHAHHI 3 oxcupiHHAM ma CP.

MeToan pocnia>XeHHsA. Y docnidxweHHs 6yn0 ekno4yeHo 33 xeopux Ha T2DM, ski nepebysanu Ha
CMayioHapHOMYy NiKy8aHHI 8 eHOOKPUHO/102i4HOMY 8i00ineHHi TepHONiNbCLKOI yHigepcumemcokoi AiKapHi y
2019-2020 pp. ma 10 npakmu4yHo 300pos8ux 0cib. AHani3 nosimopdismy eeHa IRST (SNP y npomomopHomy
pezioHi - rs2943640; zeHHa nokanizayia 2q36.3) nposedeHo Ha nidcmaesi 0aHUX NoAIMePHOI NAHYH20801 peakyii
3 BUKOPUCMAHHAM cneyugiyHux npaiimepis.

PesynbTaTu. BcmaHoeneHo, wjo Yacmomu 2eHomuny, wo 8ionosioae 3a C/A nosnimopgiam 2eHa IRST npu
T2DM, T2DM 3 oxcupiHHAM ma npu NOEOHaHOMY hepebi2y T2DM 3 oxcupiHHAM ma CP cymmego He g8ioxunsnucs
8id pisHosazu Xapdi-BaliHbepza (p>0,05). ¥ xeopux Ha NOEOHAHUU nepebiz yykposoz2o diabemy 2 muny, OXUPIHHA
ma XpoHIYHO20 NaHKpeamumy sussAsEMbCA 8ipo2ioHuli enaue 2eHomunie C/C ma C/A 2eHa IRS1 Ha po38umok
docnidxysaHoi komopbidHocmi (p<0,05), wjo niomeepoOxyEMbCA 8ip02i0HOK 8IOMIHHICMIO y AOMIHAHMHIU
mMoodeni ycnadkysaHHs IRS1 2eHy mineku npu NO€OHaHHi T2DM 3 oxcupiHHAM ma CP nopieHAHO 3 2pynoro

KoHmposnto (p<0,001).

BucHoBKW. HassHicme aneni C K 8 20M0O3U20MHOMY, MAK | 8 2emepo3u20mHOMy CMAHAX MOXce Nio-
8UWY8AMU PU3UK BUHUKHEHHSA KoMopbioHocmi T2DM, oxcupiHHS ma CP.

K/THOYOBI C/IOBA: uykpoBuii piabet 2 Tuny; 0OXKMPiHHA; XPOHIYHUIA naHKpeaTUT; cy6cTpaTt
iHcyniHoBMX peuenTopis 1 TMNy; noniMmop¢ism reHa.
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ENDOTHELIAL DYSFUNCTION AND ITS MANAGEMENT IN PATIENTS
WITH ACUTE MYOCARDIAL INFARCTION COMBINED WITH METABOLIC
SYNDROME

1.0. Yastremska
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Oxidative stress, endothelial dysfunction, dyslipidemia and low-grade inflammation induce
the disorders of energy metabolism and ischemic damage to cardiomyocytes. It is an essential issue in pathogenesis
of acute coronary syndrome/myocardial infarction (ACS/MI).

Objective. The aim of the study was to improve the existing pharmacological therapy in patients with ACS/
MI combined with metabolic syndrome (MS).

Methods. The study enrolled 95 patients with acute myocardial infarction. The patients were divided into
2 groups depending on concomitant metabolic syndrome. All groups were divided to subgroups, where patients
received typical standard treatment according to the Ukrainian unified and modified treatment regimen with
addition of L-arginine and L-carnitine.

Results. In 79.2% of patients with ACS/MI + MS the course of underlying disease was associated with various
complications: pericarditis epistenocardica was diagnosed in 39.8% of patients; arrhythmias were present in
35.5% of patients of the main group; left ventricular aneurysm was present in 15.9% of patients. At the same
time, significant changes in the indicators of vascular endothelial function in patients with ACS (MI) were revealed
(the level of endothelin-1 in the blood plasma was in 2.1 times higher than the reference norm) that was the

justification for inclusion of L-arginine and L-carnitine in the complex therapy of comorbid patients.
Conclusions. The multi-modality treatment with inclusion of L-arginine and L-carnitine facilitated restoration
of energy supply of myocardial contractility, endothelial function of blood vessels, and antioxidant protection of
the body and ultimately resulted in a more favorable course of this comorbid problem.
KEYWORDS: myocardial infarction; metabolic syndrome; endothelial dysfunction; L-arginine;

L-carnitine.

Introduction

The rupture of the atheromatous plaque
and formation of coronary clot, which causes
progressive stenosis, is considered the main
cause of acute myocardial infarction (MI).
However, the recently discussed pathogenetic
factors include peroxide stress and endothelial
dysfunction, dyslipidemia and low-intensity
systemic inflammation underlying the disorders
of energy metabolism and ischemic damage to
cardiomyocytes. The aforementioned patho-
genetic mechanism behind the development
of acute coronary syndrome/myocardial infarc-
tion (ACS/MI) provides a possibility of ma-
nagement of these pathogenetic processes
with metabolic and cytoprotective pharma-
cological therapy. In addition to that, the main
risk factors for coronary heart disease and

Corresponding author: Yastremska Iryna, PhD student of the
Department of Emergency and Medical Care, I. Horbachevsky
Ternopil National Medical University, Ternopil, Ukraine. E-mail:
yastremskaio@tdmu.edu.ua

myocardial infarction as its life-threatening
manifestation are obesity, hypertension,
dyslipidemia, insulin resistance and diabetes,
which as a whole can be components of
metabolic syndrome (MS), the latter diagnosed
in 28-35% patients with myocardial infarction
[1, 4, 13]. The causes of MS, including insulin
resistance, hyperinsulinemia and chronic in-
flammation simultaneously trigger and main-
tain high levels of atherogenesis, endothelial
dysfunction and evoke coronary plaque insta-
bility as well as processes of thrombogenesis
[6, 7, 8]. That is why a differentiated approach
to treatment of patients with ACS/MI (with due
consideration for comorbidities) is a priority at
present stage. Both L-carnitine and L-arginine
have been proved to be very promising me-
tabolic drug products, which occur naturally in
human body. They manifest their effects as
active regulators of intermediary metabolism
and energy-supplying processes [7, 12, 14].
However, their main physiological role includes
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regulation of functional state of blood vessels
and maintaining adequate microcirculation in
the organs and tissues of the body [9, 11]. The
above facts have become a rationale for studies
of clinical efficacy and possibilities for correction
of metabolic and endothelial disorders in
patients with ACS/ML.

The aim of the study was to improve the
existing therapeutic programs for ACS/MI com-
bined with metabolic syndrome (MS).

Methods

The study enrolled 95 patients with acute
myocardial infarction. The patients were divi-
ded into 2 groups depending on whether they
had metabolic syndrome. The main study group
involved 53 patients with ACS/MI+MS. The cont-
rol group included 42 patients with ACS/MI, who
were not diagnosed with MS; 32 patients in the
main group and 22 patients in the control group
received standard treatment for myocardial
infarction according to the Unified Protocols of
the Ministry of Health of Ukraine [5]. Other
21 patients in the main group and 20 patients
in the control group received a modified treat-
ment regimen with addition of L-arginine 4.2 g
and L-carnitine 2.0 g supplied as solution for
infusions 100 mL administered intravenously
once a day as a 5-day course. Most of study
participants were males (87.5%) of productive
age, 57.54+8.02 years old on average.

The diagnosis of acute MI was verified
according to the 2017 ESC Guidelines [2] in the
presence of a typical anginal attack, MI-specific
ECG changes with time (reciprocal ST displa-
cement) and the signs of resorption-necrosis
syndrome. The diagnosis was confirmed by
means of laboratory tests, ECG and imaging
tests. Quantitative determination of troponin T
was performed using an electro chemilu-
minescent biochemical analyzer Elecsys 2010
by Roche/Hitachi (Switzerland). Troponin test
results above the reference value of 14.0 ng/mL
were assessed as positive.

Patient assessments included general cli-
nical examination, laboratory tests (hematology,
MB fraction of creatine phosphokinase (CPK-
MB), troponin T, oxygen saturation of arterial
blood (Sp02), ECGin 12 standard leads, etc. and
B-mode cardiac ultrasound imaging on Aloka
SSD - 2000 unit (USA) with determination of
linear and volumetric parameters of the left
ventricle, as well as global (assessed by ejection
fraction, EF) and local myocardial contractility
using the Simpson’s biplane method. The dias-
tolic function of the left ventricle was assessed

by the isovolumic relaxation time (IVRT) of the
left ventricle, delay time for early left ventricular
filling (DT), maximal early filling velocity (E) and
maximal atrial systole filling velocity of the left
ventricle (A). Plasma level of endothelin-1 (ET-1)
was evaluated by the ELISA kits by Amersham
Pharmacia Biotech; the stable NO metabolites
content was determined by the Griess reagent
reaction [2]. The number of nitrites was mea-
sured using a calibration graph. The above-
mentioned tests were repeated on day 14 and
day 28 and tracked as they changed with time.
Statistical data analysis was performed using
the STATISTICA statistical package (by StatSoft,
USA, v 6.0).

Results

Uncomplicated course of myocardial in-
farction was established in 17 patients (40%) of
the control groups. In 42 patients with MI+MS
(79.2%), the course of their underlying disease
was accompanied by various complications.
Thus, the patients of the test group were
substantially more likely to develop pericarditis
epistenocardica (21 (39.8%) patients) than
those in the control group (8 (19%) patients).
Conduction disorders or arrhythmias manifes-
ted as paroxysmal tachyarrhythmia, transient
atrioventricular block and bundle branch
blocks; extrasystole arrhythmia were also more
frequent in the patients of the main group
(78.5%) and significantly less frequent in the
patients with MI without MS (52%). These
results are presented in Fig. 1.

Acute left ventricular failure accompanied
the course of Ml in all patients of both groups;
however, Killip I and Killip IT acute heart failure
(according to the Killip-Kimball Classification,
1972) was substantially more frequent in the
patients of the control group. Impaired systolic
and diastolic functions of the left ventricle were
simultaneously observed in the patients of the
main group and the control group. That s, there
was a significantly more significant reduction
in myocardial contractility (EF=42.12+1.13%)
compared tothe control group (EF=48.23+1.16%).
These changes were closely related to the more
pronounced processes of left ventricular re-
modeling during the acute period of myocardial
infarction in the patients of the main group. In
particular, the increase in left ventricular in-
ternal diastolic dimension (the left ventricular
end-diastolic diameter, LVEDD) was 5.62+0.21 cm
in the main group and 4.71+0.24 cm in the
control group (p<0.05). The developing diastolic
dysfunction was suggested by changes in the
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Fig 1. Frequency of arrhythmias and conduction disorders in the patients with acute coronary syndrome

(myocardial infarction).

isovolumic relaxation times (IVRT) in the main
group (63.23+0.41 msec) and the control group
(68.12+0.36 msec), as well as by delay time of
early diastolic transmitral flow (DT) in the
compared groups (178.11+0.54 msec and
182.43+0.37 mseg, respectively).

After completion of a standard MI treatment,
the patients of the control group experienced
significant improvement of hemodynamic
parameters. Relatively, there was anincreasein
left ventricular ejection fraction, a reduction in
LVEDD and improvement in left ventricular
diastolic function parameters, i.e. IVRT and DT,
compared to the MI+MS patients (p<0.05).
However, the patients with myocardial infarction
combined with MS experienced more frequent
complications in a setting of standard treatment.
This is because of special characteristics of
carbohydrate metabolism in the patients with
MS, which are manifested by insulin resistance
and compensatory hyperinsulinemia (which
activates the sympathoadrenal system), as well
as by a combination of this pathogenetic me-
chanism with other pathogenetic factors of
ischemia (an increase in lipid peroxidation and
endothelial dysfunction) that is accompanied
by a more prolonged activation of oxidative
processes and inhibited activity of enzymes in
the antioxidant protection system. The abnor-
mal processes in the heart enhanced causing a
significant reduction of myocardial contractility
and substantial changes in electrolyte stability
of the heart that contributed to life-threatening

disorders of rhythm and conductivity against
the backdrop of unstable hemodynamics [9, 11].

As a consequence, L-arginine and L-carnitine
are promising treatments. In addition to their
pronounced metabolic and energy-producing
activity, these substances restore endothelial
function of blood vessels, exert antioxidant
effects and prevent irreversible ischemic and
reperfusion damage, limit the zone of myo-
cardial necrosis, improve cellular adjustment
to functioning under hypoxia and inhibit ab-
normal cardiac remodeling. One of the me-
chanisms behind such therapeutic effect is the
ability of L-arginine and L-carnitine to inhibit
the formation of radicals during breakdown of
fatty acids thereby reduce the damaging effects
of peroxidation byproducts on the functional
status of ion channels in the cells [1, 3, 17].

Thus, the results of this study have demon-
strated that a multi-modality therapeutic prog-
ram with inclusion of L-arginine and L-carnitine
in the patients of the main group had a sub-
stantial effect on restoration of systolic-diastolic
function of the heart: the parameters of systolic
and diastolic function of the heart returned to
normal already within 28 days of treatment.
That s, the linear dimensions of cardiac cavities
changed insignificantly; thus, we may assume
that the positive changes in EF, LVEDD, IVRT
and DT compared to their respective baseline
levels were driven by remodeling and restoration
of functional status in zones of myocardial
ischemia and hibernation [10].
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The changesinthe parameters of endothelial
function of blood vessels were also assessed in
the patients with ACS/MI as part of the study.
The baseline levels of these parameters did not
differ in between. However, they were signi-
ficantly changed compared to the reference
values. Thus, plasma levels of endothelin-1 in
the patients with ACS/MI at hospitalization
were in 2.1 times above the reference value
(0.96+0.04 ng/mL and 0.46+0.03 ng/mL, res-
pectively). There were no significant changes
in endothelin-1 (ET-1) activity immediately after
emergency angioplasty of the coronary vessel
and its stenting. That is, the levels of endothelin
were substantially reduced in the control group
patients who received per-protocol pharma-
cological treatment. However, by the end of the
in-patient treatment period, the levels of
endothelin have not reached those of healthy
individuals (0.66+0.06; p>0.05).

In contrast, the patients of the test group,
whose multi-modality treatment included the
course of therapy with L-arginine and L-carnitine
during the next 10 days of the in-patient
treatment period, had a 33.3% reduction in ET-1
activity (p<0.05), and after one month of treat-
ment its plasma levels significantly decreased
by additional 43% and reached the level of
healthy individuals (0.52+0.05 ng/mL; p>0.05).
Hence, the use of combination drug therapy
with inclusion of L-arginine and L-carnitine in
patients with ACS/MI provided for a rapid (over
10 days) reduction and complete restoration
(over 28 days) of plasma endothelin-1 levels in
these patients. Along with changes in endo-
thelin-1 activity in patients with ACS/MI during
exacerbation of the disease, there was an
abrupt reduction in metabolites of nitric oxide
(NO€=17.75+0.42 pmol/L, the normal level of
36.92+0.37 pmol/L), which could suggest
pronounced microcirculatory disorders in these
patients.

Thus, there was an almost two-fold baseline
decrease in plasma levels of nitrates and nitrites
in the patients of both groups, i. e. their total
plasma levels were reduced by 45.0%. However,
conventional per-protocol treatment did not
lead to complete restoration of endothelial
function of blood vessels in this group of
patients with ACS/MI; the total plasma level of
metabolites of nitric oxide in these patients was
by 19% below the reference value (p<0.05). At
the same time, the use of combination drug
therapy with inclusion of L-arginine and
L-carnitine had a substantial effect on plasma
levels of nitrites and nitrates in the patients of

the test group. The levels of these substances
were significantly increased already before
10 days of treatment; after completion of the
in-patient phase of combination drug therapy
they reached the reference level.

Discussion

Therefore, since patients with ACS/MI + MS
were diagnosed with pronounced baseline
changes of morphological and functional
parameters of the heart, post-infarction
remodeling with compromised systolic and
diastolic functions of the heart, as well as
development of heart failure and endothelial
dysfunction (which were retained immediately
after emergency percutaneous procedures),
these findings provided a rationale for inclusion
of parenteral L-arginine and L-carnitine to the
per-protocol therapeutic program. Standard
therapy was established to lack sufficient
hemodynamic efficacy in this patient cohort.
Only enhancing standard therapy by adding
L-arginine and L-carnitine caused significant EF
and DT increases, LVEDD reduction and E/A
ratio reduction and improved post-infarction
cardiac remodeling, ultimately evident as a
significant improvement of EF, myocardial
contractility and diastolic dysfunction. In our
opinion, the positive effect of the suggested
treatment for inotropic heart function and a
significant reduction in incidence and severity
of reperfusion arrhythmias were achieved
precisely by means of the cardiometabolic
effect of L-carnitine, which, as reported by many
researchers, is significant in energy metabolism
in the myocardium by transferring free fatty
acids from the cytosol inside the mitochondria
thereby ensuring bio-availability of the high-
energy substrate for oxidative metabolism in
the cardiomyocyte [8, 16]. In addition, by
facilitating oxidation of long-chain fatty acids
and by modulating the CoA/CoA-SH ratio, this
compound is taking part in binding of acyl
residues in peroxisomes and mitochondria and
has a positive effect on amino acid metabolism
by assimilating the pool of free radical com-
pounds. This ensures stabilization of organelles
and cellular membranes and prevents accu-
mulation of fatty acid esters in the cytoplasm
of cardiomyocytes, which may lead to fatal
ventricular arrhythmias [15]. During the study
it was also established that patients of the test
group, whose multi-modality treatment inclu-
ded additional L-arginine and L-carnitine, had
significantly lower ET-1 activity, while plasma
levels of nitric oxide metabolites increased rea-
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ching the levels of healthy individuals (p>0.05).
In other words, such multi-modality treatment
in patients with ACS/MI contributed to a rapid
and complete recovery of the study parameters
of endothelial function of blood vessels. The
treatment outcomes are associated with the
use of L-arginine as a principal substrate for
the synthesis of nitric oxide. The fundamental
physiological role of nitric oxide is to regulate
the functional status of blood vessels and to
provide an adequate level of microcirculation
in organs and tissues of the body [9, 11, 14].
Thus, the conclusion may be drawn that the
presence of a concomitant metabolic syndrome
has a substantial impact on the course of acute
myocardial infarction and is accompanied by a
significantly higher complication rate. These
patients have more severe disorders in the lipid
peroxidation system and a reduced activity of
antioxidant defense, which disrupts endothelial
functions of blood vessels and causes dete-
rioration of microcirculation. At the same time,
significant reductions in systolic and diastolic
functions of the myocardium have been obser-
ved in patients with MI+MS as a result of
impaired remodeling of cardiac chambers and
changes in their linear and geometric para-
meters. The combination treatment of MI+MS
patients with inclusion of L-arginine and L-car-
nitine facilitates restoration of energy supply
of myocardial contractility, endothelial function

of blood vessels and antioxidant defense of the
body, which results in a more favorable course
of this comorbid problem.

Conclusions

The patients with myocardial infarction
combined with metabolic syndrome were likely
to develop disorders of central and peripheral
hemodynamics and endothelial function of
blood vessels. These circumstances significantly
exaggerate the clinical course of the underlying
morbidity, additionally enhance the disorders
of systolic and diastolic cardiac function and
cause more frequent complications of ACS/ML.
A comprehensive therapeutic program for
patients with ACS/MI+MS enhanced by inclusion
of L-arginine and L-carnitine facilitates resto-
ration of endothelial function of blood vessels
and antioxidant defense of the body and
increases the energy supply of cardiomyocytes,
which is accompanied by improved myocardial
contractility.
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EH/IOTEJIIAJIBHA TAC®YHKIIS TA IUISIXHU I KOPEKIII V XBOPHX
HA I'OCTPUM IH®APKT MIOKAP/IA B IIOEAHAHHI 3 METABOJITYHHUM

CHH/IPOMOM.

AcTtpemcbka I1.0.

TEPHOIMI/IbChbKUI HAUIOHA/IbHNV MEANYHNIA YHIBEPCUTET IMEHI LS. TOPBAYEBCHKOIO,

TEPHOIL/Ib, YKPAIHA

Bctyn. OkucaroeansHuli cmpec, Ouc@yHkyis eHoomenito, ducainioemis ma HU3bKOiIHMeHCU8He 3aNaeHHS
CNPUYUHSAIOMb NOPYWEeHHS eHepaemuyYHOo20 06MiHy ma iweMiyHe ypaxceHHs KapdioMioyumis, U0 € 8aHU/IUBOH
JIGHKOIO Y NaMog2eHe3i 20CMpo20 KOPOHAPHO20 CUHOpOMY / iHpapkmy miokapda (FTKC / IM).

MeTa gocnig>keHHs - y0oCKoHaAuMu icHyroui nikyeanesHi npo2pamu FKC(IM) y noEOHaHHI 3 MemaboaiyHUM

cuHOpomom (MC).

MeToawn. Y docnidxeHHi 83aau y4acmes 95 nayieHmie 3 2cocmpum iHpapkmom miokapda. lMayieHmis
p03n00inuau Ha 2 2pynu 3a1exHo 8i0 HaABHOCMI CynymHb020 Mema6oaiyHo20 CUHOPOMY. Yci epynu 6yau
p0o30ineHi Ha nidzpynu, e nayieHMu ompumMyeanu CMaHOapPMHe NPOMOKObHE NiKy8AHHS 32i0HO YHigikosaH020
npomokoay MO3 YkpaiHu ma MoOu@ikosaHa cxemu AiKy8aHHS 3 000a8AHHAM L-ap2iHiHy ma L-kapHimuHy.

PesynbTatn gocnigykeHHs. Y xeopux Ha IM i3 cynymHim MC ocHo8He 3aX80pH8aHHSA nepebieaso 3 pisHUMU
YCKAAOHeHHAMU y 79,2 %: enicmeHokapoumu4Huli nepukapdum 6ye y 39,8 %, nopyweHHs pummy a6o
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nposioHocmi HasA8Hi y 35,5 %, aHespu3ma n1igo20 wayHo4ka - y 15,9 % xeopux. OOHOYACHO 8UABMEHO CymmeEsi
3MIHU ¥ NOKA3HUKaxX eHOomenianeHoi GyHKYii cyouH y xeopux Ha [KC(IM), ujo cmano o6rpyHmMy8aHHAM 045
8K/I0YEHHS 8 KOMN/IEKCHY mepanito KOMOP6iOHUX X80pUX Kypcy L-ap2iHiHy ma L-KapHImuHy.

BucHoBKW. KomnaekcHe niky8aHHA x8opux HA IM 8 noedHaHHI 3 MC i3 ekno4yeHAM L-apeiHiHy ma
L-kKapHIiMuHy cnpusao 8i0HO8/MEHHIO eHep203abe3neyeHHs CKopomaueocmi miokapoa, eHoomeniansHoi QyHKYii
CYOUH, GHMUOKCUOOHMHO20 30XUCMY 0p2aHi3My, U0 8 pe3yanbmami 3a6e3neyysano binew cnpuamausuil nepebiz

0aHoi KoMopbidHOI hamosoaii.

K/MHOYOBI C/IOBA: iH$papKT miokapaa; MeTaboniyHUA CMHAPOM; eHApoTeNianbHa ANCHYHKLLINA;

L-apriHiH; L-KapHiTUH.
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ELAEOCARPUS SERRATUS L. EXHIBITS POTENTIAL ANALGESIC AND
ANTIDIARRHEAL ACTIVITIES IN MICE MODEL
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Background. Elaeocarpus serratus L. (Family: Elaeocarpaceae) is a tropical fruit tree, traditionally used in
the treatments of poisoning, diarrhea, arthritis, and other diseases.

Objectives. The current study was performed to conduct the analgesic, antidiarrheal, and hypoglycemic
activity of E. serratus in mice model using methanolic bark crude extract.

Methods. To assess the peripheral and central analgesic activity, the acetic acid-induced writhing and tail
immersion methods were respectively used. The castor-oil mediated antidiarrheal method was used to assess
the antidiarrheal activity whereas, the tail tipping technique was conducted to determine the hypoglycemic activity
of the plant extract.

Results. In the peripheral analgesic assay, the methanolic bark crude extract of E. serratus significantly
inhibits the number of writing 69.77% (200 mg/kg) and 73.26% (400 mg/kg) respectively (p<0.05) which was
strongly comparable with standard NSAID drug diclofenac sodium 75.58% (p<0.05). Similarly, it shown a significant
tail flicking response for 30 minutes, 60 minutes and 90 minutes of central analgesic activity assay. In antidiarrheal
activity assay, the E. serratus substantially reduced the number of diarrheal feces 64.26% (200 mg/kg, p<0.05)
and 78.57% (400 mg/kg, p<0.05) which was also comparable with the positive control loperamide. The hypoglycemic
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activity of E. serratus extract was not convincing.

Conclusions. Our investigation demonstrated the significant analgesic and antidiarrheal activities of
methanolic bark extract of E. serratus (200 and 400 mg/kg) in mice model.
KEYWORDS: Elaeocarpus serratus; analgesic activity; antidiarrheal activity; hypoglycemic activity.

Introduction

Medicinal plants or natural drugs are
traditionally and historically used around the
globe by human beings for curing various
ailments. The plant-derived natural drugs are
widely accepted to all due to their diverse
pharmacological activities, reduced toxicity,
cost-effective, availability for drug discovery,
and application to the chemical biology [1, 2].
Although, the incessant investigation is being
carried out to screen potential pharmacological
activities of natural products but the numbers
are very limited considering all medicinal plants
distributed throughout the world [3]. So far, a
considerable number of experimental research
have been reported the use of natural products
as an antioxidant agent, blood glucose-lowering
agent, antimicrobial agent, central nervous
system (CNS) stimulating agent, anti-diarrheal
*Corresponding author: Md Zahirul Islam Khan, Department
of Health Technology and Informatics, The Hong Kong Poly-

technic University, 100077, Hong Kong, China.
E-mail: zahir.islamkhan@connect.polyu.hk

agent, anti-helminthic agent, anti-inflammatory
agent, and anti-cancer agent [4]. By considering
the previous studies, we explored the phar-
macological activities of Elaeocarpus serratus L.
(E. serratus) in a number of biological uses.

E serratus (English name: Rosary nut, Ceylon
olive, Bengali name: Jalpai) belongs to the
family Elaeocarpaceae, a tropical fruit tree
grown up to 18 meters tall, distributed in
evergreen forests, and sometimes also cul-
tivated for its edible fruit and medicinal
applications [5, 6]. It is mostly found in the
Indian subcontinent regions including India,
Bangladesh, Pakistan, Sri Lanka and Nepal.
However, it is also found in Indo-China regions
including, Myanmar, Indonesia, Thailand and
Malaysia [5]. The E serratus is a plant having
both nutritional and medicinal values. For
instance, the GC-MS analysis revealed that the
plant contains numerous compounds including
fatty acid, alcohol, aldehyde, hydrocarbons and
alkenes which are biologically active [7]. In
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addition, the leaf of E Serratus contains alka-
loids, flavonoids, and glycosides (eg. anthra-
quinone) [7]. Moreover, a list of bioactive
compounds also contained in E. serratus such
as myricitrin, mearnsetin 3-0-B-D-glucoside,
mearnsitrin, and tamarixetin 3-O-a-L-rham-
nopyranoside where, myricitrin is an estab-
lished potential antioxidant [8]. Historically,
leaves of E serratus extracts are used for the
treatments of arthritis and various poisoning
[9]. Equally, appetite, diarrhea, dysentery
and other neuro-motors related diseases are
commonly treated with fruits or fruit extracts
[6, 10]. Moreover, the previous studies also
reported that the leaf, bark and fruit of E
serratus have antimicrobial and antifungal
activities [11, 12]. For all we know, there is no
scientific report conducted on analgesic,
hypoglycemic, and anti-diarrheal properties of
E. serratus yet. Therefore, our main objective
was to assess the analgesic, hypoglycemic, and
antidiarrheal activity of methanolic bark crude
extract of E serratus in mice model.

Methods

Collection and extraction of plant

In February 2018, the bark of E. Serratus was
acquired from Chandpur, Bangladesh. The
collection of bark samples was verified by
Bangladesh National Herbarium (BDNH),
Dhaka, Bangladesh. An herbarium specimen
number (DACB-31155) was provided and
preserved for their further reference. The barks
were cleaned and cut into small pieces to
accelerate the drying process. Then the sun-
dried fragments were crushed to a fine powder.
About 400 g of powder was putin a flat bottom
amber sterile glass container and socked with
1.5L methanol for two weeks. Continuous
shaking and stirring were maintained over time.
Afterward, the entire mixture was filtered with
cotton and repeated second filtration with
Whatman filter paper (Bibby RE200, Sterilin Ltd.,
UK). The filtrate was then kept for a week
allowed to concentrate with a rotary evaporator
at 45°C and 50 rpm. Finally, 28.0 g (yield 5.63%)
of a black gummy substance was obtained
referring to crude methanol extract of E
serratus bark. The extract was aliquotinto 2 ml
centrifuge tubes and stored at 4°C for further
uses.

Experimental animals

To conduct the experiments, the Swiss
albino mice (20-24gm) were brought from
International Centre for Diarrheal Disease
Research, Bangladesh (ICDDR). The animals

had a typical environmental condition (at 24.0
+ 1°C and 55 - 65% relative humidity), in cages
with 12 hours of dark and light cycles. Until
starting of the experiments, the animals were
housed to embrace the local laboratory con-
ditions for aweek. In each bioassay, the animals
were selected randomly and sub-divided into
four separated groups consist of positive
control (PC) group, negative control (NC) group
and two experimental groups receiving E
serratus crude extract at doses of 200 mg/kg
body weight (b.w.) (ES-I) and 400 mg/kg b.w.
(ES-II). Mice were remarkably observed for a
week to monitor any suffering or distress and
fasted overnight prior to the experiments. The
animal experiments were conducted according
to the Ethics Committee of State University of
Bangladesh (SUB), Dhaka, Bangladesh.

Drug treatments and chemical reagents

Diclofenac sodium, glibenclamide, and
loperamide hydrochloride were purchased
from Beximco Pharmaceuticals Ltd (Bangla-
desh). Phenobarbitone sodium and morphine
sulphate were supplied by Incepta Pharma-
ceuticals Ltd (Bangladesh), and Beacon Phar-
maceuticals Ltd (Bangladesh). Tween 80,
normal saline (0.9% NaCl) and castor oil were
kindly given by BDH Chemicals Ltd (United
Kingdom). The remaining chemicals and rea-
gents were purchased from Sigma-Aldrich
(Munich, Germany).

Peripheral analgesic activity

The acetic acid-mediated writhing method
by Kaushik, D., et al. 2012 was copied to assess
the peripheral analgesic activity of the E ser-
ratus crude extract [13]. The intraperitoneal
acetic acid injection was given to all mice with
a view to exhort the abdominal pain followed
by writhing in mice. The potentialities of the
test samples were measured by calculating
their competency in the reduction of writhing
numbers. Test group (ES-Iand ES-II) were orally
administered, containing the doses of 200- and
400 mg/kg of body weight (b.w.), respectively.
Whereas, the NC group orally received 1%
tween 80 in saline and the PC group orally
received diclofenac sodium at 50 mg/kg dose
[14]. To induce writhing in mice, 1% v/v acetic
acid was given intraperitoneally to all mice
(10 ml/kg b.w.) followed by a resting period of
40 minutes after test samples administration.
The writhing cases were carefully observed and
documented for 10 minutes after giving 10 mi-
nutes resting period. The acetic acid-induced
pain reduction was calculated by using the
following equation:
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(Mean writhing of control-Mean writhing of test)x100%

% of writhing inhibition=

Central analgesic activity

Pizziketti et al., 1985 described the tail-flick
method was implemented to assess the central
analgesic activity of E. serratus crude extractin
mice [15]. In this method, the mice were orally
given a different dose of drugs and E. serratus,
and the tips of the mice tails were submerged
in a constant radiant heat source (hot water
bath at 55+0.5 °C). The reaction time (mice tail
deflects from the heating source) of each
mouse was recorded using a stopwatch. To
prevent the damage of tail, we maintained a

Mean writhing of control

cut off period of 15 seconds. Similar to the
peripheral analgesic study, the NC group orally
received 1% tween-80 in saline, and the PC
group was subcutaneously injected with mor-
phine (2 mg/kg b.w.) [16]. The ES-I and ES-II
were prescribed orally to the test groups of
mice. The tail-flick reaction was counted and
recorded in 0 minutes, 30 minutes, 60 minu-
tes, and 90 minutes after administration of
the test samples. The following equation was
used to measure the pain inhibition percen-
tage (PIP).

(Mean latency of treatment-Mean latency of control)x100%

PIP=

Mean latency of control

Hypoglycemic activity

The tail tipping technique according to the
method described by Durschlag et al., 1996 was
repeated to assess the hypoglycemic activity of
test samples in mice model [17]. Here, the NC
group was treated with 1% tween-80 (0.1 ml/10
mg b.w.), and PC group treated with
glibenclamide (5 mg/kg b.w.) whereas, Group-
III and Group-1V were treated with ES-I and
ES-II respectively. All treatments were applied
orally [14]. To accelerate the blood sugar level
of mice, a 10% glucose solution was orally given
to all mice after an hour resting period at dose
2 g/kg b.w. Blood is withdrawn from the tail tip
and blood sugar was measured and recorded
by using a glucometer (Bioland G-423 S) in 0
minutes, 30 minutes, 60 minutes, 120 minutes,
and 180 minutes respectively.

Antidiarrheal activity

The antidiarrheal activity of £ serratus crude
extract was determined by the method
described by Shaoba and Thomas [18], where
forceful diarrhea is induced by orally
administrating 1.0 ml of castor oil to all mice.
Similar to other studies, various oral treatments
were applied to the mice such as NC group
received 1% tween-80 in saline, PC group
received loperamide hydrochloride (50 mg/kg
b.w.) and the remaining two groups were given
ES-I and ES-II respectively [19]. All groups of
mice were housed in individual cages with a
blotting paper placed beforehand. The number
of diarrheal feces were recorded for each mice
over four hours of the experiment. The
percentage of diarrheal prohibition was
accounted for using the following formula:

Mean defecation of control-Mean defecation of test sample or standard

x100%

Percentage inhibition=

Statistical analysis

The values are represented here are set of
mean + standard error of mean (M+SEM). All
the calculation was performed using student
t-test or one way ANOVA followed by Dunnett'’s
test to determine the statistically significant
differences between the groups. A p-value <
0.05 was considered statistically significant.

Results

The peripheral analgesic activity of E ser-
ratus crude extract is demonstrated in Table 1.
A significant reductions of abdominal muscle
contractions caused by the administration of
0.1 ml acetic acid were exhibited in both expe-

Mean writhing of control

rimental groups where ES-II showed higher
writhing inhibition and was close to the PC
group. Our results indicated that the E serratus
bark crude extracts significantly inhibit the
number of writhing 69.77% and 73.26% at dose
200 and 400 mg/kg b.w. gradually whilst
diclofenac sodium displayed 75.58% writhing
inhibition.

Values are represented here as mean of
+SEM. NC=1% tween 80 in water, PC=diclofenac
sodium, ES-I: E serratus crude extract-I, ES-IL:
E. serratus crude extract-II. M1-4=mice 1 to 4
respectively. (n=4, *p<0.01)

The result of the tail-flick method to assess
the central analgesic activity of E serratus are
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Table 1. Peripheral analgesic activity of E. serratus bark crude extract

Mice group Writhing count (sec) Number of writhing % Inhibition
M-1 M-2 M-3 M-3 M-4 (Mean+SEM) of writhing
NC 20 21 23 22 21.50+0.65* -
PC 5 6 5 5 5.25+0.25* 75.58
ES-I 7 6 6 7 6.50+0.29* 69.77
ES-II 6 6 5 6 5.75+0.25%* 73.26

shown in table 2. Both experimental groups ES-I
and ES-II increased the response time by
37.32% and 53.72% respectively in the initial
30 minutes of the experiment, whereas PC
morphine increased by 85.24%. In addition,
82.76% (200 mg/kg b.w.), 98.94% (400 mg/kg
b.w.) tail flicking response were recorded in
60 minute, and 149.27% (200 mg/kg b.w.) and
179.46% (400 mg/kg b.w.) were recorded in
90 minutes of the experiments. The whole expe-
riment followed a dose-dependent tail flicking
response over the time.

Values are represented here as mean of
+SEM. NC= 1% tween 80 in water, PC= morphine
sulfate, ES-I. E serratus crude extract-I, and
ES-IIL: E serratus crude extract-IL. (n=4, *p<0.01)

The bark crude extract of E serratus not
displayed any significant blood glucose-lo-
wering activity at doses 200 and 400-mg/kg b.w.
However, the percent of blood sugar reducing

activity was found to be followed in a dose-
dependent manner. The results shown in table
3 indicated that the highest glucose lowering
activity was displayed at dose 400 mg/kg b.w.
relative to ES-I groups.

Values are represented here as mean of
+SEM. NC=1% tween 80 in water, PC=gliben-
clamide, ES-I: E serratus crude extract-I, and
ES-IL: E serratus crude extract-IL. (n=4, *p<0.01)

The remarkable antidiarrheal activities were
displayed by ES-I and ES-II in mice. The potential
antidiarrheal activity of the E serratus crude
extract is shown in table 4. The ES-I and ES-II
substantially reduced the number of castor oil-
incited diarrheal feces by 64.29% and 78.57%
compared to the NC. The highest diarrheal
reduction was shown by PC group.

Values are represented here as mean of
+SEM. NC=1% tween 80 in water, PC=loperamide
hydrochloride, ES-I: E serratus crude extract-I,

Table 2. Central analgesic activity of E. serratus bark crude extract

Mice 30 minutes of assay 60 minutes of assay 90 minutes of assay
group M+SEM % of elongation M+SEM % of elongation M+SEM % of elongation
NC 3.49+0.32* - 3.55+0.08* - 3.60+0.20* -
PC 6.47+0.11%* 85.24 9.57+0.25* 169.39 13.194£0.35* 266.07
ES-I 4.79+0.34* 37.32 6.49+0.35* 82.76 8.98+0.25* 149.27
ES-II 5.37+0.32* 53.72 7.07+0.39* 98.94 10.07+0.42* 179.46
Table 3. Hypoglycemic activity of E. serratus bark crude extract
Mice 60 minutes of assay 120 minutes of assay 180 minutes of assay
M+SEM . M+SEM . M+SEM .
group (mmol/L) % Reduction (mmol/L) % Reduction (mmol/L) % Reduction
NC 12.60+0.87 8.55+0.31 4.45+0.34
PC 5.63+0.39 55.36 4.23+0.57 50.58 2.6+0.17 41.57
ES-I 10.18+0.61 19.25 7.05+0.39 17.54 3.95+0.23 11.24
ES-II 10.08+0.93 20.04 6.85+0.38 19.88 3.75+0.19 15.73
Table 4. Antidiarrhoeal activity of E. serratus bark crude extract
. Number of diarrheal . .
Mice group Dose feces (Mean+SEM) % Reduction of diarrhea B
NC 10 mi/kg b.w. 3.5:0.58* - %’3
PC 50 mg/kg b.w. 0.5+0.48* 85.71 Y
ES-I 200 mg/kg b.w. 1.25+0.85%* 64.29 E
ES-II 400 mg/kg b.w. 0.75+0.71%* 78.57 )
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and ES-II: E serratus crude extract-II. (n=4,
*p<0.01)

Discussion

Acetic acid may trigger the writhing reflex
in experimental animals where visceral pain is
generated through activation of pain receptors
on the visceral surface and extreme secretion
of histamine, prostaglandins, bradykinin and
serotonin [20]. In the experimental animals,
acetic acid induces visceral pain which is com-
monly treated with NSAID drugs or chemicals,
such as phenyl quine (prostaglandin E2 inhi-
bitor). In addition, the level of analgesia is
measured by calculating the percent reduction
of abdominal contraction by drugs or crude
extract after intraperitoneal administration of
acetic acid to mice. In this study, E serratus
extracts significantly reduced the sum of abdo-
minal contraction of 69.77% and 73.26% by ES-I
and ES-II compared to NC. Importantly, the
results of peripheral analgesic activity by ES-I
and ES-II were almost equal to the diclofenac
treatment. Therefore, by considering our
results, we assumed that £ serratus extract may
be inhibited the synthesis or release of endo-
genous substances in mice to act its potential
peripheral analgesic activity. However, further
research may need to explore the exact me-
chanisms.

In the central analgesic assay, the relative
promotion of tail-flicking response (in percent)
was obtained from E. serratus extract in a dose
and time-dependent manner. Although, the
responses from E. serratus crude extracts were
a bit of lower than the PC-morphine however,
higher dose might be shown an equals or
higher potentiality like morphine. Pizziketti, et
al., 1985 demonstrated that the tail flicking
response is mostly generated from spinal reflex
caused by radiant heat source however it may
involve higher neuronal complex signals. In
general, the pain is centrally originated via a
number of complex signaling such as opiate,
dopaminergic, noradrenergic and serotonergic
nervous systems [15]. Our results described
that E serratus displayed a significantly higher
level of pain threshold activity at 200 and
400 mg/kg b.w. respectively in mice model. The
core mechanisms may be associated with the
receptor-bind inhibition of pain-related nervous
system or through peripheral mechanisms
involved prohibited prostaglandins, leuko-
trienes, and other endogenous substances
release and synthesis which are key mediators
of pain [21]. Our results might be followed the

same mechanisms to exhibit the potential
analgesic activity in mice model.

Our bark crude extract of E. serratus shown
lack of blood glucose lowering activity. Notwith-
standing, a considerable number of studies
have concluded that plant extracts exhibit
potential anti-hyperglycemic activity by acce-
lerating or regenerating B cells or promoting
the secretion of insulin [22, 23]. The hypo-
glycemic activity by the natural product may
also associated with excessive insulin secretion
from [ cells or trigger the peripheral glucose
consumption, or promote insulin-mediated
blood sugar absorbing mechanisms [22-24].

Apart from this, the statistical evaluation
revealed that both doses of E. serratus showed
a significant dose-dependent anti-diarrheal
activity in mice. The ricinoleic fatty acid or
12-hydroxy-9-cis-octadecenoic acid is an active
metabolite of castor oil. This metabolic fatty
acid enhanced peristaltic activity in the small
intestine to trigger the permeability of mucosal
electrolytes thus resulting diarrhea [25, 26].
Furthermore, ricinoleic fatty acid enhanced
mucosal irritation and inflammation which
contribute to the excessive endogenous pros-
taglandin secretion. Moreover, in castor oil-
induced diarrheal mechanisms it involved a
cascade of signaling including, intestinal Na*/
K*-ATPase inhibition, adenylate cyclase acti-
vation or promotion cAMP-mediated platelet-
activating factor secretion [25, 27].

In summary, the plant E serratus contained
several flavonoids, anthraquinone glycosides,
fatty acid, alcohol, aldehyde, hydrocarbons al-
kaloids, terpenoids, and steroids. [7, 8, 28]. The
presence of glycosides, steroids, and flavonoids
which exhibited potential analgesic, hypo-
glycemic and antidiarrheal activities in many
plants [29-31]. In the present study, we con-
cluded that E serratus extract may contain a
variety of bioactive phytochemicals. After suc-
cessful isolation and characterization of phyto-
chemicals, it might be used as an analgesic, and
as an antidiarrheal agent.

Conclusion

The bark extract of E serratus exhibited
potential peripheral and central analgesic
activity, very mild hypoglycemic activity but
effective antidiarrhoeal activity in mice model.
Therefore, further investigations are needed to
isolate and characterization of bioactivite
molecules present in this plant. Further re-
search may open a new therapeutic agents in
the treatments of various diseases.
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IIPEKJITHIYHI JOCII/DKEHHA 3SHEBOJIIOI0OYO0I TA ITIPOTHIIPOHOCHOI AI1
ELAEOCARPUS SERRATUS L. HA MHIIIAX

A.A.H. Pinkey', *Z.1. Khan?, M.A. Taher', M.A. Soma’

1 - DEPARTMENT OF PHARMACY, STATE UNIVERSITY OF BANGLADESH, DHAKA, BANGLADESH

2 - DEPARTMENT OF HEALTH TECHNOLOGY AND INFORMATICS, THE HONG KONG POLYTECHNIC UNIVERSITY,
HONG KONG, CHINA

Bctyn. Elaeocarpus serratus L. (poduHa Elaeocarpaceae) - mponiyHe nnodosge depego, ppykmu, Kopa ma
IHWI YyacmuHU AK020 MpaduyiliHo 8UKOPUCMOBYIOMbCA NpU AiKY8AHHI ompyeHs, diapei, apmpumy ma iHWuUX
30X80PHOBAHb.

MeTa - docridumu ¢apmakonozidHy akmusHicme (3He601108aA6HY, hpomudiapeliHy ma 2inoaaikemiyHy
0it0) Cyx020 MemMaHoA6H020 ekcmpakmy kopu E. serratus Ha Muwax.

MeToaw. 415 ekcnepumeHmanbHOI OYiHKU YeHmpasasH020 ma nepugepuyHo20 KOMNOHEeHMI8 y MexaHi3mi
3Heb60s1108a/16HOI Oii eKCMpPaKMYy BUKOPUCMOBY8A/AU Memoo OYiHKU 60160801 peakyji, o 8UKAUKAEMbCA XiMIYHUM
Noopa3sHeHHAM - Memod «0yMmoGOoKUC/IUX KOPYie», ma Memod mensio8020 NOOPA3HEHHS, CYMb K020 N0/AA20€
8 3aHypeHHi xeocma muwli y 2apa4y 8ody (55+0.5°C). a5 oyiHKU NpomMunpoHOCHOI aKMU8HOCMI BUKOpUCMO8Y8anuU
Modens diapei, BUKAUKOHOI 88e0eHHAM PUYUHOBOK O/i€l0, 0151 BU3HAYEHHS 2in02/iKeMiYHOI akmueHocmi
ekcmpakmy sukopucmaau memoo Durschlag et al., 1996, 3a6ip kposi npoeoduau WAAXOM Hadpi3ie xeocma.

PesynbTtaTtn. BcmaHoesieHo, Wjo 30CMOoCy8aHHS CyX020 MemMaHO/AbH020 eKkcmpakmy kopu E. serratus
00CMoBipHO 3MeHWye Yacmomy po38umky Kopyie Ha 69,77% (200 ma/kz2) ma 73,26% (400 m2/kz) 8i0nogidHo
(p<0,05), wjo docszae pisHa akmueHocmi cmaHoapmHo20 HIM3I1 dukaopeHaky Hampito, AKUL 3MeHWYE NOKA3HUK
Ha 75,58% (p<0.05). Taki 3¢ pe3ynbmamu wjo0o Yacmomu peakyii xeocma niddocaioHUX meapuH npomsa2om

30, 60 ma 90 xeunuH - NOKA3HUKA YeHmMpPas6HOI 3He60110HY0i akmusHocmi ekcmpakmy. LLjodo npomunpoHocHoI

akmueHocmi, mo E. Serratus 3meHwysas yacmomy diapei Ha 64.26% (200 ma/ke, p<0,05) ma 78,57% (400 me/ke,
p<0,05), ujo makox 00CsA200 MAKONC H ePpekmusHOCMI, AKi i y 2pyni N03UMUBHO20 KOHMPOSHO 3 710NEPAMIOOM.
Lljodo 2inoenikemiyHoi akmueHocmi ekcmpakmy E. serratus - ompumaHi Hamu pesynemamu 6yau Henepe-
KOHAUBUMU.

BucHoBoOK. Hawe 0o0cnidxeHHA npoOeMOHCMpy8aao 3HAYHY 3He6008a016HY ma npomudiapeliHy
OKMUBHICM®b CYX020 MEeMAaHO/6H020 ekcmpakmy kopu E. serratus (200 ma 400 mM2/k2) HO MUWAXx.

K/TFOYOBI C/IOBA: Elaeocarpus serratus; 3He60M10Ba/IbHa aKTUBHICTb; MPOTUNPOHOCHA aKTUBHICTb;
rinornikemiyHa akTUBHICTb
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QUALITY CONTROL MEASUREMENT AND IN VITRO BIOEQUIVALENCE
OF VALSARTAN AND ATENOLOL TABLETS MARKETED IN UKRAINE

K.Y. Peleshok
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The urgent issue of hypertension is determined by its high population incidence, significant
burden of the disease, risk of disability and impact on life expectancy. Rational combinations of drugs of different
pharmacological groups in case of ineffectiveness of monotherapy to achieve the clinical effect of pharmacotherapy
are clearly recommended in the world and national recommendations for diagnosis and treatment of hypertension.
Therefore, innovative pharmaceutical development of a combination of antihypertensive drugs and creation of
domestic drugs with antihypertensive action is an urgent task of contemporary pharmacy.

Objective. The aim of this study was to perform the quality control measurements and evaluation of
dissolution tests for different brands of valsartan and atenolol tablets available in Ukraine.

Methods. The concentrations of valsartan and atenolol in samples (drug content and dissolution studly)
were determined by the proposed HPLC method.

Results. The results of the tests conducted for evaluation of the tablets were found to be in acceptable limits
for all the selected brands. The correlation coefficient (R?) was 0.9991 and the regression equation was
y=61.39x+0.3117. It has been established that the equivalence of dissolution profiles for all recommended
dissolution media is observed (pH 1.2, 4.5, and 6.8) for the studied drugs. In all three dissolution media, the
release rates of valsartan and atenolol of all dosage forms are more than 85% in 15 min. The dissolution profile
of all the selected brands was within the standard limits and was acceptable.

Conclusions. Analytical method development is an integral part of the quality control measurements and
evaluation of dissolution tests. Our previously developed HPLC method is essential for quality control of a large
number of samples in short time intervals. Therefore, the method developed by our group is suitable for a routine
quality control analysis of any pharmaceutical preparation containing two tested drugs with the suggested
chromatographic method advantages for checking quality during dissolution studies of their dosage forms.

KEYWORDS: hypertension; valsartan; atenolol; high-performance liquid chromatography; in vitro
bioequivalence; dissolution.

PHARMACY

Introduction

Valsartan (Fig. 1) is chemically described as
(25)-3-methyl-2-[pentanoyl-[[4-[2-(2H-tetrazol-
5-yl)phenyl]lphenyl]lmethyllamino]butanoic
acid. Valsartan is an orally active nonpeptide
triazole-derived antagonist of angiotensin (AT)
IT with antihypertensive properties. Valsartan
selectively and competitively blocks the binding
of angiotensin II to the AT1 subtype receptor
in vascular smooth muscle and the adrenal
gland, preventing AT II-mediated vasocons-
triction, aldosterone synthesis and secretion,
and renal reabsorption of sodium, and results
in vasodilation, increased excretion of so-
dium and water, reduction of plasma volume,
and reduction of blood pressure. Therefore,
analytical methods for their separation and

*Corresponding author: Peleshok Kateryna, Assistant Profes-
sor, I. Horbachevsky Ternopil National Medical University,
Ternopil, 46001, Ukraine. E-mail: peleshok@tdmu.edu.ua

quantification in pharmaceutical formulations
and inhuman plasma are needed for quality
control and therapeutic drug monitoring,
respectively. Several techniques have been
reported in the literature for determination of
valsartan individually and combination with
other drug other than atenolol [1-16] in
pharmaceutical dosage forms or human serum
samples.

Fig. 1. Chemical structure of valsartan.
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Atenolol (Fig.2)is a syntheticisopropylamino-
propanol derivative used as an antihypertensive,
hypotensive and antiarrhythmic. Atenolol is
chemically known as 2-[4-[2-hydroxy-3-(propan-
2-ylamino)propoxy]phenyl]acetamide. Atenolol
acts as a peripheral, cardioselective beta
blocker specific for beta-1 adrenergic receptors,
without intrinsic sympathomimetic effects. It
reduces exercise heart rates and delays atrio-
ventricular conduction, with overall oxygen
requirements decrease. Numerous analytical
methods were reported [17-27] for deter-
mination of atenolol in bulk and combination
with other drugs other than valsartan.

OH

H
O\/I\/N CH,
LT
H
HoN :

Fig. 2. Chemical structure of atenolol.

The urgent issue of hypertension is deter-
mined by its high population incidence, sig-
nificant burden of the disease, risk of disability
and impact on life expectancy. Rational com-
binations of drugs of different pharmacological
groupsin case of ineffectiveness of monotherapy
to achieve the clinical effect of pharmacotherapy
are clearly recommended in the world and
national recommendations for diagnosis and
treatment of hypertension. Therefore, inno-
vative pharmaceutical development of a
combination of antihypertensive drugs and
creation of domestic drugs with antihypertensive
action is an urgent task of contemporary
pharmacy. In the last few decades, the cost of
medications is increasing a lot and it is quite
challenging to afford lifelong medications for
hypertension treatment. Different strategies
have been planned by the healthcare systems
to reduce the medication costs, improve
treatment efficacy and safety and patient
compliance with pharmacotherapy [28]. The
results of quality control testing, such as
friability, weight variation, hardness, percentage
purity, and disintegration, suggests the level
up to which the GMP guidelines had been
followed during the manufacturing of these
generic products. When the generic and the
innovator brand would have comparable
dissolution profile then the in vivo bioequivalence
test of the generics can be waived. It was
reported that fewer generics in the market were
counterfeit and of inferior quality than the
innovators. So, identifying these fake and

suspicious generics is the prime challenge to
our health department and quality control
units. This research assists highlighting the
pharmaceutical products which are found to be
spurious, of inferior quality and dangerous to
the users.

The objective of the research was to
perform the quality control measurements and
evaluate dissolution tests of different brands
of valsartan and atenolol tablets available in
Ukraine.

Methods

Valsartan (purity 99.9%) was purchased
from Jubilant Generics Limited (India); atenolol
(purity 98.9%) was purchased from Sigma-
Aldrich (Switzerland). The methanol and
acetonitrile used in experiments was HPLC
gradient grade and ammonium acetate and
tetramethylammonium hydroxide were of
Ph.Eur.reagent grade and was purchased from
Merck Darmstdat, Germany. Analytical Balance
Mettler Toledo MPC227, pH-metter Metrohm
827, demineralized water by TKA Micro system,
with final conductivity less than 0.05uS/cm,
were used. IKA orbital shaker KS4000i was used
for sample agitation. The nylon and regenerated
cellulose RC 0.45um syringe filters were
purchased from Agilent Technologies.

Dionex Ultimate 3000 UHPLC system cont-
rolled by Chromeleon version 6,80, composed
of quaternary LPG pump ultimate 3000, auto-
sampler ultimate 3000, ultimate 3000 column
compartment, four channel UV-Vis detector
ultimate 3000 RS. Shimadzu Nexera XR UPLC
system with LPG Quaternary Pump LC-20AD
with degasser DGU-20A5R, Autosempler
SIL-20AC, PDA detector M20-A, Column Oven
and Controller CBM-20A controlled by Lab
Solutions version 5,97. The column Discovery
C18 (4.6 mm i.d.x150 mm, 5 pm), purchased
from Sigma-Aldrich Supelco, was used.

Sample preparation

Twelve tablets of each preparation were
studied to obtain statistically significant results.
The tablets of different pharmaceutical manu-
facters with declared contents of 80 mg val-
sartan and 100 mg of atenolol were purchased
from local drug store, pharmacy. The tablets
were put in 100 mL measuring flasks and
dissolved in 50 mL 50% v/v methanol, ultrasound
crushed and treated for 2 minutes and shake
15 minutes with orbital shaker. After that
measuring flasks were filled to mark of 100 mL,
the final concentrations were 1mg/mL for ate-
nololand 0.8 mg/mL for valsartan. The samples
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were filtered with RC 0.45um syringe filters and
injected.

In vitro dissolution of twelve tablets con-
taining valsartan and atenolol was performed
using buffer solutions (pH 1.2; 4.5; 6.8) as the
dissolution media at 50 rpm by the USP Appa-
ratus II. The dissolution was studied in a 900 mL
volume of buffer solution at 37 °C (+0.5) using
the paddle method. One mL of sample was
withdrawn and replaced with fresh dissolution
medium at the time intervals of 5, 15, 30, 45
minutes [29-32].

The concentrations of valsartan and ate-
nolol in the samples (drug content and disso-
lution investigation) were determined by the
suggested HPLC method.

Results

Previously, we have made method develop-
ment of valsartan and atenolol in dosage forms.
The optimum mobile phase composition was
composed of 20% acetonitrile, 80% of 0.16%
ammonium acetate and 0.2% of 1.5 M tetra-
methylammonium hydroxide (V/V), pumped
with 1.0 mL/min at 30 °C set temperature of
column oven, with UV detector set to 225 nm
and 237 nm wavelength. Analyses were per-
formed by means of the column Discovery C18
(4.6 mm i.d.x150 mm, 5 um) (Fig. 3).

The results of percentage purity of all the
brands are shown in Table 1. The drug content
was determined to be highest for Valsartan-1
and Atenolol-4. The drug content was assessed
once and compared with the calibration curve.
The correlation coefficient (R?) was 0.9991 and
the regression equation wasy =61.39x+0.3117.

Table 1. Drug content of different brands
of valsartan and atenolol tablets

Brand code Drug c::ztgnt (%)
Valsartan-1 (Innovator) 99.82+2.24
Valsartan-2 98.12+3.65
Valsartan-3 99.11+2.74
Valsartan-4 98.01+3.64
Atenolol-1 (Innovator) 99.11+1.89
Atenolol-2 97.62+3.67
Atenolol-3 98.55+1.95
Atenolol-4 99.92+2.73

Dissolution test is used to determine the
quality of the drug. Comparative dissolution
kinetics test is used at all stages of the drugs
life cycle. In the development of dosage form
for comparative dissolution kinetics test allows
assessing the technological correctness of
techniques, and thereby increase the probability
of positive results for future studies of bio-
equivalence. In addition to routine quality
control tests, comparative dissolution tests are
used to waive bioequivalence requirements
(biowaivers) for lower strengths of a dosage
form. Dissolution study is an important para-
meter used to predict the bioavailability and
in vivo drug release performance. Dissolution
study is very significant in determining the
release of drug from different dosage forms
including tablets. The active absorption of oral
dosage forms depend on adequate release of
drug. Comparative dissolution profiles are
shown in Table 2.

The point of 15 min is critical and decisive.
Medicine is considered very quick soluble when
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Fig. 3. Chromatogram obtained using Shimadzu Nexera XR UPLC system and mobile phase 20% acetonitrile,
80% of 0.16% ammonium acetate and 0.2% of 1.5 M tetramethylammonium hydroxide (V/V), column Dis-
covery C18 (4.6 mm i.d.x150 mm, 5 pm) at 2 wavelengths 225 nm and 237 nm.
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Table 2. Comparative dissolution data of
valsartan and atenolol in selected brands

Brand code | Medium | % dissolved | % dissolved
15 min 30 min
Valsartan-1 | pH 1.2 95.18 94.59
pH 4.5 93.84 93.02
pH 6.8 92.43 93.67
Valsartan-2 | pH 1.2 89.98 87.37
pH 4.5 87.38 89.84
pH 6.8 85.19 86.38
Valsartan-3 | pH 1.2 85.28 86.58
pH 4.5 87.68 90.01
pH 6.8 86.84 88.67
Valsartan-4 | pH 1.2 85.89 85.98
pH 4.5 85.96 85.78
pH 6.8 86.94 86.05
Atenolol-1 pH 1.2 93.96 95.95
pH 4.5 92.56 93.36
pH 6.8 90.93 92.58
Atenolol-2 pH 1.2 91.94 92.67
pH 4.5 89.49 93.06
pH 6.8 87.56 90.94
Atenolol-3 pH 1.2 91.82 93.37
pH 4.5 90.01 91.65
pH 6.8 86.05 89.95
Atenolol-4 pH1.2 95.96 96.03
pH 4.5 92.94 94.56
pH 6.8 91.46 93.14

at least 85% of the active substance dissolves
in 15 minutes, quickly soluble - when at least
85% of the active substance dissolves in 30
minutes. According to the obtained data, the
equivalence of dissolution profiles for all
recommended dissolution media has been
established (pH 1.2, 4.5, and 6.8) for the studied
drugs. In all three dissolution media, the
releases of valsartan and atenolol of all dosage
forms were more than 85% in 15 min (Table 2).
The dissolution profile of all the selected brands
was within the standard limits and was accep-
table.

Conclusions

Analytical method development is an
integral part of the quality control measurements
and evaluation of dissolution test. Our
previously developed HPLC method was
essential for quality control of a large number
of samples in short time intervals. Unavailability
and price of innovator brand urges patients to
go for alternate options including generic
brands. The selected brands were evaluated
and compared with those of reference or
innovator brand to assure the potential for cure
of the disease. Moreover, the results of dis-
solution studies of all the brands were within
the standard limits. This suggested that the
proper GMP guidelines were followed during
the manufacturing of these brands that proved
a good quality. Hence, these generics may be
considered to be a substitute for innovator
brand in case of unavailability. Thus, all the
brands selected for the study complied with the
standard specifications and the definite ob-
servations on similar efficacy of these generics
may be obtained after performing the in vivo
studies. Therefore, the method developed by
our group is suitable for the routine quality
control analysis of any pharmaceutical pre-
paration containing two tested drugs with the
suggested chromatographic method with ad-
vantages for checking quality during dissolution
studies of their pharmaceutical preparations.
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BHU3HAYEHHS KOHTPOJIXO SIKOCTI TA IN VITRO BIOEKBIBAJIEHTHOCTI
TABJIETOK BAJICAPTAHY TA ATEHOJIOJNIY PUHKY YKPAIHU

K. Menewok
TEPHOMLIbCbKUH HAL{IOHAﬂbHMM MEﬂl/l'—lHMﬁ YHIBEPCUTET IMEHI I. A. It OPEALIEBCbKO[ 0,
TEPHOIIL/b, YKPAIHA

Bctyn. AkmyassHicme npobaemu apmepiansHoi 2inepmeHsii 8USHOYAEMbLCA ii BUCOKOK honyAAYiliHOH
4acMomoto, 3HAYHUM MA2aPEM X80POOU, PU3UKOM iHEANIOU3AYii Ma 8n1UBOM HO MpPUBANICMb HUMMSA NOOUHU.
Y ceimosux i 8im4u3HAHUX peKoOMeHOaYifaX 3 0ia2HOCMUKU ma AiKy8aHHA apmepiansHoi 2inepmeH3ii yimko
pekomeHO08AHO payioHANLHI KOMBIHAYIT npenapamie pi3HUX GapMaKoa02i4HUX 2pyn npu HeepekmueHocmi
MoHomepanii 0415 0ocA2HEHHSA KAIHIYHO20 epekmy dapmakomepanii. Tomy, iHHosayiliHa papmayesmuyHa
po3pobKa KOMbBIHAYIi aHMuU2inepmeH3U8HUX 3a0C0bie Ma CMeopeHHs 8iIMYU3HAHUX NiKapCbKUuX 3acobie
aHmMuzinepmeH3usHoi 0ii € aKMyasnbHUM 304800HHAM Cy4aCHOI papmayii.

MeTa. 30ilicHUmu KOHMPOaL AKOCMI MA OYIHUMU Mecm PO3YUHEHHS Pi3HUX MApPOK mabemok 8a1capmaHy
ma ameHo04y, AKi € NpedcmasneHUMU HA PUHKY YKPAiHU.

MeToawn. KoHyeHmpayii easncapmaHy ma ameHos104y y 3pa3Kax (8Micm 8 ikapcukux ¢popmax ma mecm
pO34YUHEeHHS) 8U3HAYAAUCS 3aNPONOHOBAHUM Memodom BEPX.

PesynbTaTtn. Pe3ynbmamu 8unpobyeaHs, npogedeHUX 0414 KifbKiCHO20 8U3HAYEHHS 8U3HAYEeHHS ADI
ma6semok, € npuliHAMHUMU 0/14 8CiX 06paHUX MAapPoK. byno ecmaHosneHo, wjo KoepiyieHm kopenayii (R?)
cmaHosums 0.9991 ma pieHAHHA pezpecii y=61.39x+0.3117. [JogedeHo, ujo 0415 00CNIOHYBAHUX npenapamis
cnocmepizaemescs ekgieaneHmMHicme npoinie po34yuHeHHs 0415 8CixX peKoMeHO08AHUX Cepedosuly PO3HUHEHHS
(pH 1.2, 4.5 ma 6.8). Y 8cix mpbox cepedosuujax po34UHEHHS 8UBINbHEHHSA 80/1CAPMAHY MA AMeH010/Y 8CiX
AiKapcoKux popm nepesuuyyroms 85% 3a 15 xa. OYiHKA pO3YUHEHHS 8CiX BUBPAHUX MAPOK 8 MeHAX CMAHOAPMHUX
niMimie ma € npuliHAMHo!O.

BUCHOBKW. Po3p0obKka aHanimu4yHoi MemoduKku € Heg8id'€EMHOK YACMUHOK KOHMPO/IH0 AKOCMIi Ma OYiHKU
mecmy po34uHeHHs. Po3pobaeHa Hamu memoouka BEPX € 8ax1ug0+t0 0151 KOHMPOIHO AKOCMI 8eAUKOI KilbKocmi
3pa3Kie 30 KOPOMKi NPOMIXKU Yacy. ToMy Memood po3pobaeHull HAWOH 2pynoto, hioxodums 018 PyMUHHO20
aHani3y skocmi 6ydb-AK020 NIKAPCLKO20 hpenapamy, uo Micmumes 08a 8unpobysaHi A®I i3 3anponoHo8aHUMU
nepesazamu xpomamozpagiyHo2o0 Memody 0415 nepesipKu AKOCMI nid Yac 00CiOHeHb PO3YUHEHHS iX NIKaPCbKUX
popm.

K/THOYOBI C/1OBA: rinepTeH3ifi; BaficapTaH; aTeHO/10/1; BUCOKO epeKTUBHA pigUHHA Xpoma-
Torpadis; in vitro 6ioeKBiBaneHTHICTb; PO3UMHEHHA
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QUALITY OF LIFE AND WELL-BEING OF POPULATION AT THE END
OF THIRD PHASE OF LOCKDOWN IN INDIA AGAINST THE COVID-19
PANDEMIC
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Background. On March 24, 2020, a nationwide Lockdown for 21 days was ordered by the Government of
India which was then extended till May 31, 2020. Researchers have predicted lockdown is a necessary step to
prevent COVID-19 spread. However, others have also stated that it could cause serious damage to the economic,
mental, social, and physical well-being of the people.

Objective. The aim of the study is to evaluate the impact of lockdown on the quality of life and well-being
of the Indians.

Methods. It is a cross sectional prospective web-based questionnaire study. A link (https://forms.gle/
pX25VuahP5NxT88QA) was created. Total 426 responses were received via that link and the data was included
in the statistical analysis.

Results. Our study revealed that during the lockdown 61.5% of the respondents were performing physical
activities lesser than before. More than half responded they had a reduced financial satisfaction. Most answers
on emotional well-being and social-family wellbeing were also positive, but some responses showed disturbing
too, like 22% felt anxious and nervous over half of the days. It was found in the study that physical, financial,
emotional, mental, social and family wellbeing were disturbed during the lockdown and quality of life was also

hampered.

Conclusion. Though, may be Nationwide Lockdown was the most required action at that point of time to
prevent virus spread, but our study revealed that uncertainty regarding its cure and management guidelines like
lockdown and social distancing has badly affected quality of life and wellbeing of the population.

KEYWORDS: pandemic; lockdown; COVID-19; anxiety; well-being.

Introduction

In December 2019, several cases of a
disease having similar symptoms of pneumonia
were reported in Wuhan city of China [1]. World
Health Organisation (WHO) defined this disease
as COVID-19. Genetically this virus is similar to
severe acute respiratory syndrome corona virus
(SARS-CoV). SARS CoV-2 strain is the causative
agent for COVID-19. Patients of COVID-19 com-
monly present with symptoms of fatigue,
cough, fever, myalgia, and diarrhoea. After
China, this virus started spreading to the rest
of the world. Its mode of transmission is inha-
lation of infectious aerosol. Reports revealed
that COVID-19 transmission is possible through
infected human contact. Due to interhuman
transmission, soon it has become global health

*Corresponding author: Dr. Priyanka Rathi, Associate Profes-
sor, Mahatma Gandhi Medical College and Hospital, Jaipur,
302022, India. E-mail: drpriyankarathi@gmail.com

emergency worldwide. Because of its spread in
144 countries across five continents, the World
Health Organisation declared COVID-19 as
pandemic disease on March 12, 2020 [2].

By the end of November 2020 this pandemic
has infected 70 million people worldwide and
the number is increasing day by day. Like the
rest of the world COVD-19 has been reported
in India too. In India 9.3 million of population
has been diagnosed with COVID-19 positive by
November 2020. Meanwhile no drug therapy
has been established for its prevention, control
and cure till now. So, to deal with this Pandemic
strict quarantine and lockdown are considered
to be a highly effective and important preventive
measure by almost the whole world. Following
the footsteps, India also took the help of lock-
down due to increasing number of cases of
COVID-19. Nation underwent 4 phases of lock-
down for nearly 70 days.
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The 15t phase of lockdown started on March
24, 2020, for 21 days. Then, an increasing
number of cases and severity of the disease
forced Government to further extend it into
phase 2 for 19 days, and phase 3 for 14 days.
From May 18 phase 4 was announced which
was planned to end on May 31, 2020. Strict guide-
lines were formulated to prevent its spread. Only
essential services like medical and groceries
services were allowed to keep open. Apart from
the mentioned services everything else was
closed. Based on the number of the cases in
particular region, country was divided into 3
zones during the lockdown: green, orange, red.

Green zone covered the areas with zero
confirmed cases till date or no confirmed cases
in the past 21 days. Orange zone involved the
areas, which reported a limited number of cases
in the past and no surge of positive cases in
recent times. Red zone is for the areas or
hotspots classified as those with the highest
caseload.

Although, the Lockdown was considered
necessary to prevent COVID-19 spread. During
the period of lockdown Indian residents are
advised to stay at home. It hampered resident’s
life style very much. Some researchers stated
this caused serious damage to emotional [3]
economic, mental, psychological [4], social and
physical well-being of the population. Due to a
prolonged lockdown and business closure,
people experienced negative emotions, stress,
aggressiveness and anxiety symptoms. So, this
study was aimed to evaluate the impact of
lockdown on the quality of life and wellbeing
of Indians.

Methods

A cross-sectional web-based online survey
was conducted for a period of two weeks
starting just after the completion of third
phase of lockdown in India, from May 25 to
June 1, 2020. A survey link (https://forms.gle/
pX25VuahP5NxT88QA) was created through a
web-based Google application of ‘Google
Form’. All Indian citizens above the age of 18
years old, who gave an informed consent for
participation in the study, were included while
NRI and foreign citizens were excluded. Par-
ticipants were recruited by sending the survey
link through various social network channels
such as WhatsApp, LinkedIn, Instagram, and
Facebook. The final sample was obtained using
the snowball technique wherein each participant
was requested to further circulate the survey
link among their respective family members,

friends, and colleagues. The obtained data were
analysed.

Study tools counted in a pre-validated 47-
item online questionnaire, which was validated
for relevance, clarity, simplicity, and ambiguity
by using 4- and 5-point content validity index.
An informed consent document comprising the
participant information sheet and informed
consent form in Hindi and English was sugges-
ted in the beginning of the questionnaire and
only those participants, who gave their con-
sents, were allowed further access to the ques-
tionnaire. The questions were in both languages
in the questionnaire. The variables and instru-
ments included in the questionnaire comprise
the following:

1. Section 1 with 13 questions on demo-
graphics of the participants including age,
gender, marital status, educational and pro-
fessional details, area of residence and its
COVID zone, and present state of health.

2. Section 2 with 34 questions for the
assessment of physical (02 questions), psycho-
logical (09 questions), financial (07 questions),
emotional (06 questions), and social and family
well-being (05 questions) of the participants
and their quality of life (05 questions).

Questions related to physical wellness were
generated ad hoc. For psychological well-being
among the participants two tools were used,
i.e. the Patient Health Questionnaire-2 (PHQ-2)
[5] to screen for depression, and the Generalized
Anxiety Disorder Scale (GAD-7) [6] to screen for
anxiety. Both the tools consisted of 2 Likert type
questions, each with 4 response options
ranging from 0-3. The PHQ-2 score ranged from
0-6 with 3 as the optimal cut point while the
GAD-7 score ranged from 0-21 with a score of
10 or higher indicates significant anxiety.

Financial well-being was evaluated using a
modified COST-FACIT (Version 2) consisting of
7 questions, 6 which were Likert type questions
with 5 response alternatives ranging from 0-4.
FACIT-Sp (Version 4) was used to assess the
physical, social/family and emotional well-being
of the participants. For emotional well-being 6
Likert type questions and for social and family
well-being 5 Likert type questions were asked,
each with 5 response options ranging from 0-4.
The WHO (Five) Well-Being Index (1998 version)
consisting of 5 Likert type questions having 6
possible options was used to evaluate the
quality of life of the study participants during
the lockdown. The raw score ranged from 0 to
25; 0 representing the worst possible and 25
representing the best possible quality of life.
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Results

A total of 426 responses were received
via the study link (https://forms.gle/
pX25VuahP5NxT88QA) of ‘Google Form’. 421
participants gave their consent for participation
and were included in the survey. Their demo-
graphic details are depicted in Table 1.

4.8% of the participants responded that
they were suffering from chronic health prob-
lems, the details are depicted in Fig. 1.

Physical well-being: 23.5% participants res-
ponded that during the lockdown, they were

able to perform their routine physical activities
as they used to do before the starting of
lockdown, while 15% responded that they were
notable todo so atall,and 61.5% could perform
their routine physical activities lesser than
before. Health related problems due to changes
in daily routine, like drowsiness, weight gain,
etc. were experienced by 28.8% participants.
Financial wellbeing (COST FACIT (Version 2)):
Regarding satisfaction with their current
financial situation consequent to lockdown,
majority of the participants (57%) responded

Table 1. Demographic details of the study participants

Variables No. of responses
(percentage)
Gender Males 267 (63%)
Females 154 (36.3%)
Age 18-45 years old 328 (97.32%)
45-60 years old 8 (2.3%)
Above 60 years old 1(0.38%)
Marital status Unmarried 261 (61.5%)
Married 158 (37.4%)
Divorced/widowed 04 (1.1%)
Education Graduate 232 (54.8%)
Post-graduate 154 (36.4%)
High school 5.2% (22)
Intermediate 3.6% (15)
Occupation Student 190 (45.8%)
Service 122 (29.3%)
Business 53 (12.7%)
Housewife 33 (7.9%)
Type of service Not applicable 188 (46.2%)
Private 126 (31%)
Government 93 (22.9%)
Residence Urban 295 (70.1%)
Rural 126 (29.9%)
COVID Zone of the area of residence Red zone 186 (44.1%)
Orange Zone 132 (31.1%)
Green Zone 97 (23.1%)
Don’t know 08 (1.7%)
During lockdown, living with Family 296 (69.7%)
Initially stuck away then able to live 68 (15.8%)
with family
Away from family 59 (14.4%)
Whether profession is related to COVID Yes 79 (19.2%)
frontline fighting No 343 (80.8%)
Whether suffering from any chronic health |Yes 19 (4.8%)
problem No 402 (95.2%)
Preferred to stay home during lockdown Fear of strict government action 30 (7.3 %)
because of Fear of getting infected 342 (83%)
Pressure from family 40 (9.7%)
State of health at present Excellent 76 (18.4%)
Very good 145 (34.2%)
Good 140 (33%)
Fair 51(11.8%)
Poor 12 (2.3%)
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17,60% 17,70%

11,80%

5,90%

23,60%

H Asthma

H Diabetes mellitus

i Ophthalmic problem

H Hypertension

M Systemic lupus erythematosus

i Heart disease

Fig. 1. Distribution of various chronic health problems among the study participants.

that they have a reduced satisfaction, 29.4%
were satisfied, and 13.6% felt financially
stressed.

Fig. 2 illustrates the responses of the
participants to the COST FACIT Likert questions
on financial well-being.

Fig. 3 illustrates the responses of the
participants to the FACIT-Sp (version 4) Likert
guestions on emotional Wellbeing.

Fig. 4 illustrates the responses of the
participants to the FACIT-Sp (version 4) Likert
Social and family well-being.

Psychological well-being: Responses re-
garding mental well-being are shown in Table 2.

Table 3 depicts the scores for PHQ-2, GAD-7,
and WHO well-being index.

Fig. 5 illustrates the responses of the par-
ticipants on the quality of life (WHO Well-Being
Index (1998 version)).

Discussion

The study population consisted of 426
participants: 421 participants were fulfilling
inclusion and exclusion criteria. The present

The lockdown due to COVID has been a financial
hardship to me and my family

| feel in control of my financial situation

I have been concerned about keeping my job or
study and income

| feel frustrated that | cannot work or contribute
as much as | usually do

| worry about the finacial problem that | will
have in the future as a result of the lockdown due
to COVID

| think lockdown has affected the financial
situation of household

28,90%
,90%

33,30%

ud
30%

m3

8.20% "2

(o
22,20% =1

m0
8,20%0>3 5094,

29,30%

%
29,60%
23,909

0%

10% 20% 30% 40%

Fig. 2. Participants responses (0 - not at all, 1 - a little bit, 2 - somewhat, 3 - quite a bit, 4 - very much) to
statements on financial well-being in COST FACIT (Version 2)
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I worry that my condition will get worse

| worry about dying

| feel nervous

I am losing hope in the fight against
COVID

| am satisfied with how | am coping with
lockdown

| feel sad

19,90%
0%

1
50%

39,60% 4

43,10% 2

30,50%
28,90%

0%

10%

20% 30% 60%

40%

50%

Fig. 3. Participants responses (0 - not at all, 1 - a little bit, 2 - somewhat, 3 - quite a bit, 4 - very much) to
statements on emotional well-being in FACIT-Sp (Version 4).

I feel close to my partner (or the person
who is my main support)

I am satisfed with my family
communication

| get support from my friends

| get emotional support from my family

| feel close to my friends

4 u3 2 1l mo 0,00%

10,00%

20,00% 30,00% 40,00% 50,00%

Fig. 4. Participants responses (0 - not at all, 1 - a little bit, 2 - somewhat, 3 - quite a bit, 4 - very much) to
statements on social and family well-being in FACIT-Sp (Version 4).

study emphasizes to all types of well-being
(physical, psychological, financial, emotional,
social, family and quality of life) of Indian
population during the lockdown due to spread
of COVID-19. Although, the lockdown was
thought to be the most effective way to prevent
the spread of COVID-19, it has also negatively
affected the quality of life and well-being of
population.

People faced a lot of physical health related
problems during this period. 61.5% study
population responded that they were not able
to perform their physical activities as before,
28.8 % of the participants felt physical changes
in their body. Majority of the participants
(39.1%) felt lesser interest in doing things for
several days. Similarly, 33.7% felt down de-
pressed for hopeless for several days during
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Table 2. Generalized Anxiety Disorder Scale (GAD-7)

Not atall | Several Over half | Nearly every
(0) days (1) | the days (2) day (3)

Feeling nervous, anxious or on edge 37.8% 34% 22% 6.2%
Not being able to stop or control worrying 35.2% 33.5% 22% 9.3%
Worrying too much about different things 35.2% 32.3% 23% 9.6%
Trouble relaxing 39.1% 31.2% 22.8% 7%

Being so restless that it’s hard to sit still 46.4% 26.8% 21.5% 5.3%
Becoming easily annoyed or irritable 37.2% 30.9% 23.7% 8.2%
Feeling afraid as if something awful might happen 38.8% 33.1% 20.1% 7.9%

Table 3. Population distribution of PHQ-2, GAD-7, and WHO well-being index score

Name of Score Score Range No. of responses (percentage)
PHQ-2 3-6 90 (21.12%)
0-2 336 (78.88%)
GAD-7 10 or higher 135(31.66%)
Below 10 291 (68.34%)
WHO Well-Being Index 13 or higher 275 (64.56%)
Below 13 151 (35.44%)

0,35

0,3

31%

0,25 26,40%

20,40%

0,2
16,10%

0,15
12,70%

26,30% 24%

24,50%

22,50% 21,90%

19%
15,60%

13,20%
12,10%

10,80%
11,80%
0,1
10,10%

0,05

0 0%

10,90% ~—

10,10%

9,90%

0% 0% 0%

I have felt calm
and relaxed

I have felt
cheerful and
in good spirits

—)  c—

2 o3

I have felt active [ woke up feeling My daily life has
and vigorous

fresh and rested  been filled with
things that
interest me

— 5

Fig. 5. Participants responses (0 - at no time, 1 - some of the time, 2 - less than half of the time, 3 - more
than half of the time, 4 - most of the time, 5 - all the time) to statements on Quality of life (WHO Well-Being

Index (1998 version)).

this period. This Pandemic crisis did not only
affected the physical well-being but also people
were more worried about the financial situation
and itsimpact on their financial status in future.
Related to financial well-being, 57% of the popu-
lation responded that they had a reduced satis-
faction with their financial situation and 13.6%

felt financially stressed because of this. Out of
total, 15.9 % were worried about keeping their
job or study which was not only harmful for their
financial well-being but also more likely to affect
their mental well-being. Majority (28.9%)
agreed on the statement that it was somewhat
of financial hardship to them and their families.
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In our study the most positive responses
were observed on emotional well-being. Most
answers on emotional well-being were having
zero score which indicates population had great
control on emotional situations. In similar way,
the sections of social and family wellbeing were
also answered very positively. The participants
(38.9%) were very much happy with the support
by their families and 37.7% felt satisfied with
their communication with families. 32.7% felt
very much close to their partners.

Emotional social and family wellbeing were
responded positively by the majority of the
participants, but the responses by some of the
participants to several questions for disturbing
too: 22% felt anxious and nervous over half of
the days. They were not able to stop worrying.
Nearly same percentage of the population felt
too much worrying and they were feeling so
restless thatit was hard for them to sit or relax.
Almost the same percentage of the population
(23.7%) became easily annoyed or irritable.
They (20.1%) felt afraid as a something awful
might happen. However, these types of respon-
ses were given by 22% of population but still it
is disturbing because it may have led to mental
stress and mental health related issues to them.
Out of total population, 29 to 32% felt cheerful,
calm, relaxed, active, vigorous and fresh for
more than half of the time.

Nevertheless, the results are not encou-
raging in terms of overall wellbeing of the
population. Our findings indicate the need of
serious attention on the quality of life and
wellbeing of the population due to changes in
lifestyle during the COVID-19 lockdown. It
would be a huge challenge for not only the
individuals to regain their physical, financial,
emotional, mental, social and family wellbeing
again but also for the government of India to

re-establish the financial condition of the
country by coping this pandemic crisis.

Limitations. Although, our study tried to
involve population of all social economic and
educational status, due to web-based study it
wasn’t feasible for the individuals of all
socioeconomic status to take partin this study.
Apart from this, shorter time span was also its
one of the limitations. So, studies including
larger sample size can be conducted.

Conclusion

Our findings suggest that lockdown has
affected various aspects of life of each and
every individual of the country. People are
dealing this Pandemic with all their efforts but
anxiety regarding future is making them
weaker. Uncertainty of prevention and treat-
ment of SARS-CoV2 is the major drawback to
keep up the good spirit. The Lockdown has the
transient benefit for prevention of spread but
not a permanent solution to this problem.
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AKICTh )KUTTS HACEJEHHSA IHAIL B KIHI[I TPETHOTI'0 JIOK/IAVHY,
CITIPHYUHEHOI'O ITAHAEMIEIO COVID-19

H. Rathi’, M. Biyani?, M. Malik3, *P. Rathi*

1 - RUHS COLLEGE OF MEDICAL SCIENCES, JAIPUR, INDIA
2 - SWAI MAN SINGH MEDICAL COLLEGE, JAIPUR, INDIA

3 - PANDIT DEENDAYAL UPADHYAYA MEDICAL COLLEGE, CHURU, INDIA
4 - MAHATMA GANDHI MEDICAL COLLEGE AND HOSPITAL, JAIPUR, INDIA

Bctyn. 24 6epe3Hs 2020 poky ypsd IHOii enposadue 3a2a16H00epxcaeHUll 10k0ayH Ha 21 deHs, skuli nomim
6yn10 npodoexceHo 0o 31 mpaeHs 2020 poky. JocniOHUKU nepedbavyarome, Uj0 06MexceHHs nepecyeaHHs €
Heo6XiOHUM KpOKoM 015 3anobieaHHs nowupeHHto COVID-19. OOHaK makoxc 8idoMo, U0 ye Moxice 3080amu
ceplio3HOI WKOOU eKOHOMIYHOMY, NCUXIYHOMY, coyiansHOMy ma Gi3uyHoMy 61a20n0y44to nroded.
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MeTa. 30800HHSA Yb020 OOCNIOHCEHHA - OYiHUMU 8N/AU8 NI0KOAYHY HA AKICMb Xumms ma 0o6pobym
HaceneHHs IHOi.

MeToawn. JocnidxeHHa nposodusnocss MemodoM nNPoCcnekKmu8HO20 NoNepevyHo20 nepepisy WasxoM eeb-
onumyeaHHS. byso cmeopeHo nocunaHHsa (https://forms.gle/pX25VuahP5NxT88QA). Bcbozo 6ys10 ompumaHo
426 8ionosideli 3a NOCUNAHHAM, i Yi OaHI 6y/1U NPOAHANI3080HI.

PesynbtaTu. JocioxeHHs nokasano, wo 61,5% pecnoHoeHmie Maau MeHwe pizudHe HABAHMAXCEHHS
nid yac nokdayHy. LLe 57% sidnosinu, ujo He 300080/1eHi c80IM piHaHCOBUM cmaHosuweM. Bionosios binswocmi
Mas1a No3umueHe 3a6aps/eHHs Wo0o eMoyiliHo20 61020N0y44si Ma COYianbHO-CiMeliHo20 61a20N0/1yY4s, ane
8i0noeidi deakux oNUMAHUX MAAU MPUBOXCHUU xapakmep: 22% 8i04y8anu 30HENOKOEHHSA MA HepP8o3HiCMb
npomszom malixce 8Cb020 nepiody 10KAayHy. Hawe docnioneHHs susAaguno, wjo pizudHe, piHaHcose, emoyiliHe,
ncuxiyHe, coyianbHe ma cimeliHe 61020N0y4Y4si NOPYLWYHOMbLCA N0 YAC 0KOAYHY, MAKOX CMPAHOAE AKICMb
Humms.

BUCHOBOK. He3gaxarouu Ha me, W0 302016H00epHa8HUL N0KOAYH, MOXUBO i bys HalibinbW HeobXiOHOH
0i€to 0414 3aNn06i2aHHA PO3N0BCHOONEHHIO 8ipyCYy, ane Hawe A0CNIOHEHHS NOKA3a/10, WO He8U3HAYeHicmso
8IOHOCHO NiKy8aHHA iHpekyii ma pekomeHAayili uj0d00 10KOAYHy ma CoyianbHO20 OUCMAHYilO8AHHS, MaAa

PUBLIC HEALTH AND EPIDEMIOLOGY

3HaYHUU 8N/UB HA AKICMb HUMmMSA ma 006pobym HaceseHHS.
K/TKOYOBI C/IOBA: naHaemis; nokgayH; COVID-19; TpmBora; AKiCTb XXUTTA.
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HISTOMORPHOMETRIC ESTIMATION OF AGE FROM BONE SAMPLES
OF NIGERIANS
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Background. Age estimation is crucial in creating the biological profile of unknown skeletal remains and
recently there is emphasis on the need to develop population specific forensic baseline data for easy identification
of these remains.

Objective. The aim of this study is to estimate age from the histomorphometric features of the bones of
Nigerians.

Methods. Fragments of non-pathologic bone samples were collected during orthopaedic procedures. Ground
sections were prepared using Modified Frost's manual method of bone preparation to determine the following
histologic parameters; haversian canal diameter (HCD), primary and secondary osteons, number of osteon
fragments and non-haversian canal as well as haversian canal area (HCA). 29 subjects aged 35 to 85 years old
were used for the study. Bone fragments included samples from the femur, tibia, humerus, and the vertebrae.
Data obtained were subjected to descriptive statistics, Pearson’s correlation, bivariate regression equation, Student
t-test and analysis of variance (ANOVA,).

Results. The mean age for our population was 58.86 years old. ANOVA showed significant variation in the
average HCD for the various regions: humerus=8.45+2.48, femur=7.09+4.06, tibia=8.70+2.52 and verte-
brae=3.69+0.73. There was a strong inverse relationship between age and primary osteons. The total number of
osteon fragments increased with age while total number of primary osteons and average HCD decreased with

age. The HCA, though statistically insignificant, also decreased with age.
Conclusion. Our findings show that three histomorphometric parameters showed significant correlation
with age: osteon fragments (OS-f), primary osteons (0S-p) and HCD. The histomorphometric parameters were

therefore relevant in age estimation.

KEYWORDS: age estimation; histomorphometric parameters; Nigerians; forensics.

Introduction

Age estimation from the macrostructure of
bones is an aged-long anatomical practice,
which has progressed into studying the micro
structural features. Hence, it is an important
tool in physical anthropology as well as in
forensic medicine in the identification of ske-
letal remains. Once age and sex are estimated,
the identity of the skeletal remainsis established
for about 80% [1, 2, 3].

There are few methods used by forensic
scientists whenever the issue of age assessment
arises and as such several approaches have
been developed. These methods include the
use of dental eruptions periods [4, 5, 6], time
of epiphyseal fusion of some bones and micro-

*Corresponding author: Clinton David Orupabo, Department
of Human Anatomy, Faculty of Basic Medical Sciences, College
of Health Sciences, University of Port Harcourt, East-West road,
PMB 5323, Choba, Rivers state, Nigeria.

E-mail: clinton.orupabo@ust.edu.ng

scopic or histological features of cortical bones
[7, 8, 9], morphology of the pubic symphysis
and auricular surface of the Ilium [10, 11, 12]
the skull and length of long bones [13, 6, 7],
sternal ends of the 3rd, 4th and 5th ribs [14, 15].
These foremost macrostructural approaches
have lots of limitations as only some bones like
the pelvic bone and some long bones give
reliable results [16]. These approaches also
require the researcher to employ wide age
ranges during age assessment of the subjects
that would introduce major difficulties in age
estimation of specimen [16, 17].

In order to overcome the limitations posed
by the macroscopic methods, in 1965 Kerley
developed the quantification of histological
features of cortical bone for age estimation [18,
19, 20, 21]. Since bone growth, development
and changes occurs with age, it was presumed
that the study of the histological features of
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bones could be important in the estimation of
age for human populations [22, 23, 21, 24, 25].
According to De Boer and Maat (2003) [26] and
Thomas et al. (2000) [27], the histological fin-
dings must be combined with gross anatomical
and radiological findings to obtain a conclusive
diagnosis or to shorten a list of differential
diagnosis.

Singh and Gunberg (1970) [22] and Wolf
et al. (2017) [28] demonstrated the use of
fragmentary remains of bone to determine age
from histology. Some studies from different
populations have used the quantification of
osteon in age estimation [29, 30,31]. Acommon
finding of these studies is that the number of
osteon and diameter of the Haversian canal
changes with age [2, 18, 32, 33]. Steyn et al.
(2004) [33] also observed that age estimation
was easy in children compared to adults due to
bone remodeling and degeneration, and
became more difficult in older ages. Currently,
it has been established that there is need to
generate forensic data for age, sex and stature
estimation for different populations, as ana-
tomical landmarks are influenced by diet,
disease, genes, sex and racial peculiarities[16,
34]. This study therefore seeks to generate
baseline data for age estimation from bone
histology among Nigerians.

Methods

This is a descriptive and correlational study
involving life subjects. Fragments of bone
samples were collected during orthopedic
procedures with data on the age, sex, tribe and
type of pathology or clinical diagnosis of the
subjects. Bone samples collection and tissue
preparation took a period of about six months.
Samples were collected from the Orthopedic
departments of The University of Port Harcourt
Teaching Hospital (UPTH) and Rivers State
University Teaching Hospital (RSUTH), as well
as Rehoboth Specialist Hospital Port Harcourt
and Twin Towers Specialist Hospital Port Har-
court. Ethical Approval

Ethical approval was sought from the Uni-
versity of Port Harcourt Research Ethics com-
mittee and was granted. A consent form was
issued to each patient and an informed consent
was obtained after thorough guidance and
counselling of the patient.

Sample was drawn from orthopedic patients
with no prior or background metabolic disease.
Bone fragments were collected from amputa-
tions and other orthopedic procedures where
bone fragments could be harvested. A total

number of 29 subjects with samples from 12
females and 17 males aged 35 to 85 years old
were used for study. Bone fragments included
samples from the femur, tibia, humerus, and
the vertebrae. The samples included healthy
and strong bone fragments without any pe-
riosteal disruption. Diseased bone fragments
shattered during grinding were excluded
during processing. The sampling technique
involved a convenience sampling method. The
bone fragments were collected and ground
sections were prepared using the Modified
Frost’s manual method of bone preparation
[35, 36, 16]. Bone fragments were collected in
properly labeled plain containers during ope-
rations and immersed in water for about 1 week
to enable soft tissue removal. Some of the soft
tissues were manually removed gently to
prevent distortion of the periosteal layer of the
bones. The samples were subsequently fixed
in 10% formalin for one more week. The volume
of fixative is 10-20x the size of the bone to allow
adequate penetration of fixative.

With the help of a hacksaw, thin cross
sections of bone fragments were made. A glass
slab coated with Vaseline was prepared. A p220
sand paper was placed on the slab. The appli-
cation of Vaseline helps prevent moisture and
allows close and smooth adherence of the sand
paper to the glass plate. This would allow
proper and concurrent thinning of all edges of
the bones during subsequent grinding. The
rectangular glass slab measured 16cmx12cm
and the sand paper was cut to a little more than
the size of the glass slab. This would prevent
water from escaping into the underside of the
paper. Adrop of water was dropped on the sand
paper and the Modified Frost's manual method
of bone preparation was adopted. This method
was implemented owing to the distortion of
micro architecture of tissues with decalcification
before routine histology. Gentle grinding of
bone sections was done by moving the pulp of
the finger on the bone over the sand paper in
a cyclical fashion. This would enable thinning
uniformity of the bone edges. This would also
prevent easy cracking and breaking of sections
asthey get thinner. Water was added continually
during grinding progresses to enable lubrication
and reduce of friction. Physical observation of
sections for thinness was done by means of a
tweezer and a fine brush. With the help of
frost's holder, very thin sections were held for
grinding until required degree of thinness was
attained. During the grinding process, utmost
care was taken to avoid scratching away of the

o0
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periosteum. Hence bone sections were turned
from one surface to another to allow for even-
ness of thinning. Grinding was done until bone
sections appeared opaque, and thentransparent
and even easily bendable using the fine brush.
Ready specimens were placed in a beaker con-
taining distil water and a little drop of detergent
in order to properly rinse out dirt and stains
from the specimens. Washing was performed
by the tweezer and the fine brush. Rinsed spe-
cimens were then placed on a filter paper in a
Petri dish to allow for drying of the specimen.
The filter paper was gently roughened before
use. This allowed for ease of pick of the section
with the fine brush after drying. Glass slides
were then cleaned with absolute alcohol and
then placed on a glass slab having a dark back-
ground. This was achieved by placing a black
sheet of paper or polythene behind the glass
slab. Adrop of DPX mountant was placed on the
glass slides. The dried specimen was placed on
a top of the mountant. Another drop of the
mountant was immediately dropped on the
specimen to allow proper immersion of the
specimen. Glass cover slips washed in xylene
were placed over the specimen. The mountant
was seen to spread evenly from under the cover
slip. Air bubbles trapped under the cover slip in
some specimens were removed by gentle pres-
sure of the cover slip with the tweezer. Ready
slides were allowed to dry and correctly labelled.
They were kept to dry in a horizontal position
for about 24 hours before loading into glass
boxes. Ready slides were mounted under a

photomicroscope for viewing and analysis. The
Leica ICC 50E photomicroscope was used to view
and demonstrate the histological features.
Photomicrographs of fields adjudged by two
researchers to have more osteon density were
taken. This was done after thorough review and
examination of the entire field under study.

Results

Table 1 shows thevarious histomorphometric
parameters studied. Their mean distribution as
well as the minimum and maximum values for
each parameter is also presented. The average
age distribution for sample population is shown
as well.

Table 2 shows the mean age, average HCD,
standard deviation and variance of the Haver-
sian canal diameter of various bones studied.
The average HCD for the various regions is as
follows: humerus=8.45+2.48, femur=7.09+4.06,
tibia=8.70+2.52 and vertebrae=3.69+0.73.

Table 3 demonstrates the use of ANOVA in
determining the degree of variation in the HCD
of the various bones studied. The F value is
greater than the F critical for an alpha level of
0.05. This proves that there is a significant
variation between the mean of the various
Haversian canal diameter of the bones studied.
The P value obtained here (P=0.00) is also less
than the alpha level chosen (0.05). This evi-
dences that the variation in the Haversian canal
diameter of the various bones is very significant.

Table 4 presents the regression equation
derived for age estimation using the various

Table 1. Descriptive Statistics of Age and bone histomorphometric variables

Parameters | Mean Standard error Stapdgrd Variation Min.im.um Max.im'um
of mean deviation variation variation
Age 58.86 3.52 16.50 272.12 35.00 85.00
OS-p 2.14 0.58 2.71 7.36 0.00 11.00
0OS-s 2.45 0.83 3.89 15.12 0.00 12.00
Os-f 7.00 1.29 6.04 36.48 0.00 22.00
N-hc 2.32 0.47 2.19 4.80 0.00 7.00
Area HC 54.13 4.70 68.71 3446.74 3.53 534.35
HCD 7.53 0.28 3.51 12.31 2.19 26. 08 ﬁ
O
Notes: OS-p=primary osteon, OS-s=secondary osteon, OS-f=osteon fragment, N-hc=Non haversian canal, HC=Haversian canal, Z
HCD=Haversian canal diameter. %‘1
Table 2. The Average Haversian canal diameter for the different bones 2
Groups Mean age (years)| Counts Sum Average (microns) | Standard deviation S
Humerus 67 31 262.06 8.453484 2.48 5
Femur 60.71 41 356.51 7.090278 4.06 E
Tibia 55.33 72 510.50 8.695366 2.52 S
Vertebrae 51 11 40.60 3.690909 0.73 a
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Table 3. Test of Variation in HCD using ANOVA

Source P-value -
of Variation SS df MS F value (P<0.05) F critical
Between groups 258.1242 3 86.0414 7.905552 0.00** 2.664504
Within groups 1643.434 151 10.88367
Total 1901.558 154
Notes: HCD - Haversian canal diameter, ** - very significant.
Table 4. Correlation, coefficient of determination and regression equation
for age versus bone histomorphometric variables
Parameters Corrglgtion Coeffic.ient. tvalue P value Regres;ion
coefficient® of determination equation
OS-p 0.37 0.14 1.78 0.09 y=-2.29x+63.75
OS-s 0.17 0.03 0.77 0.45 y=0.71x+60.59
Os-f 0.30 0.09 1.41 0.17 y=0.812x+53.18
N-hc 0.10 0.01 0.45 0.66 y=0.8926x+50.79
Area HC 0.24 0.056 1.10 0.28 Y=-0.0568x+58.896
HCD 0.26 0.069 1.21 0.24 Y=-1.0554x+63.768

Notes: OS-p=primary osteon, OS-s=secondary osteon, OS-f=osteon fragment, N-hc=Non Haversian canal, HC=Haversian canal,
HCD=Haversian canal diameter, Y=Predicted Age, x=Parameter under consideration.

histomorphometric parameters. It also shows
the correlation coefficient and coefficient of
determination as well as the t and p values of
the variables.

Discussion

Our study considered the correlation
between age and histological parameters such
as primary osteons (OS-p), secondary osteons
(0S-s), and osteon fragments (OS-f), non-
haversian canals (n-HC), Haversian canal area
(HCA) and Haversian canal diameter (HCD). The
mean age for our total population was 58.86
years old (Table 1). The average HCD also
appeared to vary with the region of bone cho-
sen as we obtained 8.45 microns for humerus,
8.70 microns for tibia, 7.09 microns for femur
and 3.69 microns for the vertebra (Table 2).

It is also possible that bone density contri-
buted to the size of Haversian canal as de-
monstrated with the vertebrae. Although the
mean ages for tibia and vertebrae are similar,
the variation in HCD is large, and more so when
compared with the femur and humerus. ANOVA
test also shows that there is a significant varia-
tion between the mean of the various Haversian
canal diameter of the bones studied (F value >
F crit. at alpha level 0.05) (Table 3). The P-value
(P=0) at alpha level 0.05 is also less than the
alpha level (Table 3). This proves that variation
in the HCD of the various bones is significant
(P<0.05). These differences seen with different

regions could be due to varying bone activity
and bone density. It is supposed therefore that
age and aging could not be the major reason
for these regional differences. The vertebra is
not exposed to too much stress and activity as
compared to the long bones, especially the
tibia, which is a major weight bearing bone.
Whether these findings could differ with occu-
pation and especially in gymnasts is yet to be
ascertained. According to Keough (2007) [16],
the average Haversian canal diameter (HCD)
ranges at 30-70 microns. This is quite at va-
riance with our values as our study obtained a
range of approximately 2.2-26.1 microns. The
reasons also could be the type of sample used.
Keough used samples from femoral mid-shaft
from a predominantly black South African
population and being within a similar mean age
to ours. Also, Singh and Gunberg (1970) [22] in
a study on bone fragments of male American
population of similar age group discovered that
HCD varies with region of bone chosen for the
study and obtained average HCD of 63.44
microns for the mandible fragments, 43.24
microns for the femur and 45.54 microns for
the tibia. Both previous studies used skeletal
collections from cadavers of a white and some
black population whereas our study used
skeletal remains of live humans from Nigerian
population. Whether the wide variation is
related to the tribe or the type of sample used
is yet to be determined. However, it is obvious
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that Nigerians may have far lower average HCD
than other populations studied. Our study
discovered that HCD decreases as age increases
(Fig. 1).

This agrees with Singh and Gunberg, (1970)
[22] who studied American population and
reported that HCD decreases as age increases.
They also established strong correlation with
age. They proved that between age of 40-45
years old the HCD could range between 85-92
microns, and could fall to a range of 51-58
microns at age of 70-80 years old. Though we
obtained smaller HCD for the Nigerian
population, our sample was collected largely
from an older age group of between 55-85 years
old, hence the reason to have obtained small
HCD for age. Whether ethnicity, socioeconomic
status, diet or undiagnosed disease may have
animpact, this outcome is yet to be ascertained
as it is not within the scope of this study.
Landeros and Frost (1964)[37] also proved that
closure of the Haversian canal continues as age
increases, hence consenting to a reduced
diameter with age. However, Keough (2007)
[16] reported a slight positive correlation (r=
0.1377) with age and supposed males showed
highest correlation with age (r=0.9964). He also
noted that this parameter could not be a strong
estimator of age. Likewise Sobol et al, (2014) [9]
established that HCD increased with age and
assumed it was one of the best predictors of
age. But Barer and Josey, (1967) [38] reported
little or no age-related changes in the size of
the Haversian canal. As age increases, the HC
area decreases (Fig. 2).

The coefficient of determination (r2= 0.056)
was quite small (Table 4), showing that only 5%
variation in age of the subjects can be explained
by the total Haversian canal area of the
samples. Hence though there is a correlation
with age, the coefficient of determination
shows that this parameter may be weak in age
estimation. The HCD thus has a stronger
correlation with age compared to the Haversian
canal area. The HCD is therefore a better
estimator of age compared to the Haversian
canal area.

Fig. 3 shows a strong inverse relationship
between age and primary osteons (OS-p). The
younger age groups appear to have more
number of primary osteons.

This is in consent with Enlow (1963)[39] and
Keough, (2007) [16] who have established that
primary osteons is more in the younger age
group. Non Haversian canal shows no
correlation with age (r=0.10) (Fig. 4).

This finding also contradicts the reports of
many researchers who have proved that N-hc
decreases with age [32, 30, 16]. For instance,
Ericksen (1991) [32] established that N-hc
decreased with age for both sexes. Also,
Keough (2007) [16] noted that after 55 years of
age, the presence of non Haversian canals
ceased almost completely. It is also important
to note that Tersigni’s (2005) report agrees with
our data where he wrote that N-hc showed no
significant variation with age [40].

Both primary osteons and non-Haversian
canals make up the total number of unmodeled
bone. Bone remodeling occurs in response to
stressors and graded amount of activity, and
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this therefore increases with age. Therefore,
finding more primary osteons in the younger
age group is justifiable as proved in our
research findings. Ingraham (2004) [30]
confirmed our findings when he reported that
percentage of unremodeled bone is higher in
the younger age with 53.4% for 18 years of age
and 2.2% for 69 years of age.

Fig. 6 reveals a photomicrograph taking
under a magnification of x100 for two males at
ages of 67 and 35 years old. The features seen
were predominantly secondary osteons for the

older age and unremodeled bone for the
younger individual. These findings were
expected as bone remodeling increases with
age. These findings however are not consistent
with all ages in our study; hence the reasons
could be for variable underlying factors like sex,
tribe, genetics, undiagnosed metabolic disease,
exposure to various levels of stress, as well as
variation in graded level of activity for different
individuals. Osteon fragment in our study has
a weak positive correlation with age (r=0.30)
and statistically insignificant (p>0.05) (Table 4)
(Fig. 5).
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Fig. 5. Scatter plot of Age versus Os-f.

Keough (2007) [16] documented that osteon
fragments showed significant correlation with
age (r=0.55). Kerley’s (1965)[18] novel research
on bone histology proved our findings and
stated that osteon fragments were best pre-
dictors of age using the fibula. This has been
proved by our research and by several authors
using various other segments of bones. Keough
(2007) [16] also established that four of the
histomorphometric parameters studied sho-
wed significant correlation with age: total
osteon count (r=0.53), % unremodeled bone
(r=0.53), total N-hc (r=0.55) and % osteon frag-
ment (r=0.55). In his study, total osteon count
and percentage osteon fragments increased
with age while percentage of unremodeled
bone and non Haversian canal decreased with
age. Our findings proved that three histo-
morphometric parameters showed positive
correlation with age: osteon fragments (OS-f),
primary osteons (0OS-p) and the Haversian canal
diameter (HCD).
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In our study, the total number of osteon
fragments increased with age while total
number of primary osteons and average
Haversian canal diameter decreased with age.
The area of Haversian canal, though statistically
insignificant, also decreased with age. The
number of non-Haversian canal also increased
with age but was statistically not significant as
well. We can therefore infer that the Haversian
canal area, the non-Haversian canals and the
secondary osteons show no significant variation
with age. Purves et al. (2011) [41], stated in their
study that osteon number was very reliable in
age estimation but influenced by nutrition,
disease, population and sex. Whether these
factors had a great impact on our findings is
yet to be ascertained as it is not within the scope
of this study. Our samples were obtained from
clinically healthy subjects. However about 69%
of Nigerians live far below the poverty level
according to the 2019 global multidimensional
poverty index report by UNDP/OPHI [42], it is
not without doubt that nutrition could be a
factor. Steyn (2004) [33] in her research on adult
age estimation reported that age estimation
was difficult in adults and more difficult in older
ages. Hence, she advised use of multifactorial
approach. This would therefore combine both
histological and macroscopic findings, especially
where both can be readily available. In the
absence of whole skeletal collections, the use
of fragmentary remains becomes the main stay.
However, in order to make this more robust
and accurate, any possible finding on culture,
environment and data on DNA can make a
whole lot of difference.

Study limitations

The availability and access to bone samples
is one foremost limitation to this study. Skeletal
remains and bone samples are handled with
much pessimism in our culture for fear of ri-
tualists; hence processes for obtaining samples
were quite laborious and challenging. Another
major limitation to our study is the inability to
use cadavers for the research. Our use of
cadavers may have allowed access to lots of

samples but nonetheless most of our cadavers
are not profiled unlike what is obtainable in
other countries.

Conclusions

The histomorphometric parameters are
therefore relevant in age estimation and sex
identification. Most forensic case identification
without choice needs skeletal remains in order
to investigate their victim. Forensic investigation
of Nigerians would therefore need the analysis
of the primary osteons, the osteon fragments
and the Haversian canal diameter as proved in
our research. Thus, since histomorphometric
variations with population are influenced by
environment, diet and genetics, age and aging
of an individual is therefore not a major factor
in influencing the histological changes seen,
especially for individuals who are within a
similar age bracket. Hence any forensic case
investigation should, if possible and if the data
are available, consider the multifactorial
approach.
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OIIHKA BIKY 3A I'ICTOMOP®OMETPUYHUMH OCOBIUBOCTAMH KICTOK
HITEPIUIIIB
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Bctyn. OyiHKa 8iKy M€ 8UpiwianeHe 3HaYeHHS 0151 CMBOpeHHs 6i0/102i4H020 NPoPinto Hegidomux
CKeslemHUX OCMAHKI8, i OCMAHHIM YaCOM pobUMbLCA HA20/10C HO He0bXiIOHOCMI po3pP06KU Cneyu@iyHUX
07149 NesHoi' ko2opmu HacesneHHs Cy0080-MedUYHUX OaHUX 041 Ae2Koi ideHmu@ikayii yux ocmaHkis.

MeTa. Memoro ybo2o docnidxieHHs byna oyiHKa 8iKy 3a 2icmomopdomempuyHUMU 0CO6AU-
gocmAMuU Kicmok Hieepiliyis.

MeToan. ®pacmMeHmu HenamMo02iYHUX 3PA3Kie KiCMokK 36upanucs nid 4yac opmoneduyHuUX
npoyedyp. 3pi3u byau nidzomosseHi 3a 00NoM020+0 MOOUGIKOBAHO20 Py4HO20 Memody nid20moesku
KIiCMOoK 0414 8U3HAYEHHS HOCMYNHUX 2icmo102iYHuUX hapamempis: diamemp kaHany Fasepca (HCD),
nepeuHHUl Ma 8MOPUHHUL 0CMEeOHU, Ki/ibKicmb ppazmeHmie 0CmeoHy ma He2a8epcosux KaHais,
a makox naouja kaHany Fasepca (HCA). Ans docnioxceHHsA 6yn10 sukopucmaHo 29 00CNi0Hy8aHUX Y
giyi 8id 35 do 85 pokie. OCKO/KU KICMOK 8KAOYAU 3pA3KU CMe2HO080I, 20Mi/IKOBOI, N1e4080i KiCmokK
ma xpebyie. OmpumaHi daHi niddasasu onucosili cmamucmuyi, kopeaayii lMipcoHa, 08o8uMipHOMY
pigHAHHIO pezpecii, t-kpumepito CmerodeHma ma ducnepciliHomy aHanizy (ANOVA).

PesynbtaTwn. CepedHili 8ik 0415 HAWO020 HacesneHHs cmaHosug 58,86 pokis. ANOVA demoHcmpye
3HQYHI KONUBAHHSA CepedHb020 NoKa3HuUka HCD 0514 pi3HuUX pezioHie: naneyosa kicmka = 8,45+2,48,
cmezHosa Kicmka = 7,09+4,06, 2ominka = 8,70+2,52 ma xpebyi = 3,69+0,73. Mix aikom ma nep8uHHUMU
0CMeOHaMU iCHYE CUMbHUU 380pOMHUL 38’A30K. 3020/16HA Ki/IbKICMb Gpa2meHmie 0CmeoHy 3pocmana
3 8ikoM, Mo0i ik 3a20/16HA Ki/IbKICMb NEP8UHHUX 0CMeOHI8 ma cepedHe 3HayeHHs HCD 3meHwysanuce
i3 8ikom. HCA, xo4a i cmamucmuy4Ho He3HA4YHUU, MAKOX 3MeHWy8a8Cs 3 8iKOM.

BucHoBOK. OmMpuMaHi Hamu pesysaemamu noka3yrome, Wo mpu 2icmomMoppomempuyHi
napamempu npodeMOoHCMpPY8AAU 3HAYHY KOpeasyito 3 8ikoM: ppazmeHmu ocmeoHis (OS-f), nep8uHHiI
ocmeoHu (0S-p) ma HCD. Tomy 2zicmomoppomempuyHi napamempu € 8axUBUMU 015 OYiHKU 8iKY.

K/TKOYOBI C/TOBA: oujiHKa BiKy; ricromopdomeTpruHi napameTpu; Hirepiiui; kpumiHanicTmka.
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FAVIPIRAVIR AND DEXAMETHASONE IN MANAGEMENT OF SARS-COV2
INFECTION (PILOT STUDY)
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Background. The clinical presentation of Coronavirus disease 19 (COVID-19) varies from mild symptoms to
severe illness including multiorgan dysfunction. Favipiravir is an antiviral agent which has been previously used
for treatment of influenza and was recently approved for treatment of mild to moderate COVID-19 in India.

Objective. The Objective of this study was to assess the role of Favipiravir and Dexamethasone in patients
with COVID-19.

Methods. A total of 17 patients were included in this observational study. The included patients were RT-PCR
for SARS-Cov-2 positive with increased inflammatory markers. All patients received Antiviral therapy, Anticoagulation
(Enoxaparin 0.4mg subcutaneous twice daily), Steroids (Dexamethasone 8mg daily for 5days and 4mg daily for
5 days). Viral clearance (time to RT-PCR negative), time to defervescence after antiviral therapy, time to become
independent of Oxygen support was studied.

Results. Fever, myalgias, dry cough and dyspnea were the commonest presentation of COVID-19. All of our
patients had lymphopenia. In our study 11 (64.7%) patients had bilateral ground glass opacities on CT chest while
6 had consolidation in addition to ground glass opacities. In two patients, who required non-invasive ventilation,
Favipiravir was stopped and these patients received Remdesivir for a total of 5 days. In patients who received
Favipiravir only, the Median time to RT-PCR negative, defervescence and oxygen independence was 8,3 and 6

days respectively.

Conclusion. Our observational study demonstrated improvement in the majority of patients with COVID-19
with use of Favipiravir. Additional studies are needed to compare the efficiency of Favipiravir with Remdesivir.
KEYWORDS: SARS-CoV-2; Favipiravir; Remdesivir; COVID-19.

Introduction

COVID-19 or coronavirus disease 2019, is a
novel illness caused by recently discovered
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). The virus was first identified in
Wuhan, a city in the Hubei province of Chinain
December 2019 and has since rapidly spread
into a global pandemic causing considerable
morbidity and mortality worldwide [1, 2]. The
disease is classified as either mild to moderate
disease (with no or mild symptoms up to mild
pneumonia), severe disease (with hypoxia,
dyspnea or >50% lung involvement on imaging
within 48 hours), or critical illness (with respi-
ratory failure, multiorgan dysfunction or shock)
[3-6]. However, the vast majority (around 80 to
85%) of infections result in a mild to moderate
illness [7].

The ideal therapies for management of
COVID-19 are still under investigation. Favipi-
*Corresponding Author: Farhat Abbas, Senior Resident, Patho-

logy Division Government Medical College, Srinagar, 190011,
India. E-mail: farahabbas.m@gmail.com

ravir is an antiviral agent which has been pre-
viously used for treatment of influenza and was
recently approved for treatment of mild to
moderate COVID-19 in India [8, 9]. It has shown
promise in an early non-randomized open label
clinical trial in patients with non-severe disease,
where use of Favipiravir was associated with
faster rates of viral clearance (median time to
clearance 4 versus 11 days) and more frequent
radiographic improvement (in 91 versus 62
percent by day 14) compared with lopinavir-
ritonavir [10]. Other robust studies are under-
way to assess the utility of Favipiravir in the
management of COVID-19. We describe our
early experience with the use of Favipiravir in
patients with COVID-19.

Methods

A total of 17 patients were included in this
observational study. The included patients were
RT-PCR positive for SARS-CoV-2 with increased
inflammatory markers. Clinical Characteristics
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of the patient population was studied. The
inflammatory markers done in all patients were
Interlekin-6, Ferritin, C-Reactive protein, Lactate
dehydrogenase (LDH), D-Dimer. The other
investigations done in all the included patients
were Complete Blood count, Liver Function and
Kidney Function tests, Urine examination, Blood
Cultures, Serum procalcitonin. Ultrasound ab-
domen, Xray Chest and High-Resolution com-
puted tomography Chest. All patients received
Antiviral therapy, Anticoagulation (Enoxaparin
0.4mg SC twice daily), Steroids (Dexamethasone
8mg daily for 5days and 4mg daily for 5 days).
Viral clearance (time to RT-PCR negative), time
to defervescence after antiviral therapy, time
to become independent of Oxygen support and
development of any complication during hos-
pital stay was studied. Patients requiring me-
chanical ventilation at presentation to hospital
were not included in this study.

Results

Out of 17 patients, there were 7 females and
10 male patients. The mean age of patients was
43.88+14.62 and mean Body mass index (BMI)
was 23.54+1.62 kg/m2. All had high grade fever
and myalgias, while 9 (52.9%) patients had dry
cough on presentation. 5 patients complained
of sore throat and shortness of breath was seen
in 9 patients (table 1).

There were 4 patients with known Diabetes
mellitus and 3 of them were hypertensive as
well. Rest of the patients did not have any
underlying comorbidity. However, in two pa-
tients, who developed new onset hyperglycemia
during steroid course, were found to have
Hba1cin Prediabetic range. Out of 17 patients,
11 (64.7%) patients had bilateral ground glass
opacities on CT chest while 6 had consolidation
in addition to ground glass opacities. All of our
patients had Absolute Lymphocyte count (ALC)
below 1500 while 4 patients had severe lym-
phopenia (ALC<1000 cells). The inflammatory
markers and biochemical parameters are
shown in table 2.

Table 1. Clinical features of patient population

Clinical feature n (%)
Fever 17 (100)
Myalgia 17 (100)
Cough 9(52.9)
Sore throat 5(29.4)
Vomiting 2(11.7)
Dyspnea 9 (52.9)
Epigastric discomfort 1(0.05)

Table 2. Biochemical parameters
and inflammatory markers

Parameter Mean+SD
Hemoglobin (g/dL) 13.08+1.83
Platelet (lac/ pL) 3.4+0.71
Ferritin (ug/L) 615.41+£307.03
ALT (IU/L) 111.54£35.7
Absolute lymphocyte count 1180+213.2
Bilirubin (mg/dL) 0.92+0.23
Triglyceride (mg/dL) 125.4+21.01
D-Dimer (ng/ pL) 566.13+207.92
LDH (U/L) 615+187.06
IL 6 (pg/pL) 80.58+98.06

In our study, 10 patients had mild trans-
aminitis before Favipiravir and 3 developed
self-limiting transaminitis after Favipiravir, 4
had normal Liver function test throughout. Two
patient had acute kidney injury (AKIN class 1)
that resolved during hospital stay. Blood culture
was sterile in all the patients and Serum pro-
calcitonin was negative in all the patients. Nine
patients required oxygen support. Among them
7 were on oxygen supportvia Nasal Canula and
2 patients required non-invasive ventilation
(NIV) during hospital stay. Favipiravir was given
at a dose of 1800 mg twice on day 1 and sub-
sequently 800 mg twice daily from day 2-10. In
two patients, who required NIV Favipiravir was
stopped, and these patients received Remdesivir
for a total of 5 days. In patients who received
Favipiravir only, the median time to RT-PCR
negative, defervescence and oxygen indepen-
dence was 8,3 and 6 days respectively. There
was no thrombocytopenia, bleeding bacterial
sepsis in our patient population. There was no
mortality in our study population.

Discussion

The optimal management of patients with
COVID-19 s rapidly evolving based on extensive
ongoing research. Initial studies have suggested
a clinical benefit with Remdesivir (antiviral
agent) and a mortality benefit with the use of
glucocorticoids. Remdesivir, a nucleotide ana-
logue, has in vitro activity against SARS-CoV-2
[11]. Although more data from comparati-
ve, randomized trials are emerging [12, 13],
available reports suggest there is likely some
clinical benefit to Remdesivir prompting emer-
gency use authorization by the FDA for severe
COVID-19 in hospitalized children and adults
[14]. Remdesivir needs to be administered
intravenously and should be avoided in patients
with transaminitis (ALT =5 times normal) or in
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patients with an estimated glomerular filtration
rate (eGFR) <30 mL/min per 1.73 m2 It should
also not be coadministered with hydroxychlo-
roquine or chloroquine due to potential drug
interactions. The use of dexamethasone (oral
or intravenous) provided a mortality benefit at
28 days in hospitalised patients with COVID-19
compared to usual care alone as per a prelimi-
nary report of the RECOVERY trial, a large ran-
domized open-label study in the United King-
dom [15]. However, no benefit was reported
among patients who did not require either
oxygen or ventilatory support; with a statistically
non-significant trend towards higher mortality
(17.8 versus 14 percent, RR 1.19, 95% CI 0.91-
1.55). Also, there remain uncertainties in this
preliminary report, as the baseline mortality
rate in this report was higher than that from
some other trials. Thus, the absolute mortality
benefit in other settings may not be as high as
observed in this trial. Additionally, adverse
effects (including secondary infections) were
not reported in the preliminary report. Another
antiviral agent which is being investigated for
its use in patients with COVID-19 is a purine
nucleoside analogue, Favipiravir. It selectively
inhibits RNA dependent RNA polymerase
(RdRP), an enzyme needed for RNA viral repli-
cation within human cells, by getting incorpo-
rated instead of guanine and adenine [8]. The
drugis converted into its active phosphorylated
form intracellularly and subsequently is re-
cognized as a substrate by the viral RARP. The
incorporation of a single molecule of the active
form of Favipiravir terminates the elongation
of viral RNA [8]. Favipiravir is known to have a
broad spectrum of activity towards RNA viruses
(like influenza, bunyavirus, arenavirus, flavivirus,
and filoviruses causing hemorrhagic fever)
including activity against oseltamivir- and za-
namivir-resistant influenza viruses [8, 16]. Wang
et al studied the in vitro antiviral efficiency of
several drugs including Favipiravir against
SARS-CoV-2, reporting that Favipiravir reduced
the viral infection, albeit at higher concentra-
tions half-maximal effective concentration
(EC50)=61.88 uM, half-cytotoxic concentration
(CC50)>400puM, selectivity index (SI)>6.46 [11].
Pertinently, in a previous study evaluating the
efficiency of Favipiravir against Ebola virus,
even with a high EC50 value in Vero E6 cells of
67 UM, the antiviral agent demonstrated 100%
in vivo effectiveness in protecting mice against
Ebola virus; suggesting that further clinical
studies could better evaluate the in vivo respon-
se of this antiviral nucleoside [17].

Early clinical studies of Favipiravir for
COVID-19 have been promising. A non-rando-
mized open-label study by Cai et al. reported a
significant reduction in time taken for viral
clearance in COVID-19 patients treated with
Favipiravir compared to historical controls who
had received lopinavir/ritonavir [10]. This study
from China involved administration of Favi-
piravir (1600 mg orally twice daily on day 1
followed by 600mg orally twice daily on days
2-14) in patients with mild to moderate
COVID-19. Patients 275years old, those having
severe or critical COVID-19, chronic liver disease
or end-stage renal disease were excluded from
the study. In addition to a significant reduction
(p<0.001) in median time to viral clearance in
the Favipiravir arm (4days; IQR=2.5-9) com-
pared with the historical lopinavir/ritonavir arm
(11days; IQR=8-13), the vast majority of pa-
tients (91.4%) in the former group had radio-
graphicimprovement versus 62.2% in the latter
group at 14 days. There was a significantly lower
rate of adverse events in patients receiving
Favipiravir (11.4% versus 55.6%; P<0.01). In our
study those patients who received Favipiravir
only, the median time to RT-PCR negative,
defervescence and oxygen independence was
8,3 and 6 days respectively. Chen et al conducted
a prospective multicenter randomized open
label study comparing outcomes in adult
COVID-19 patients after administration of Umi-
fenovir versus Favipiravir in addition to conven-
tional therapy [18]. In their preprint article, they
report a statistically non-significant (p=0.1396,
difference of recovery rate: 0.0954; 95% CI:
-0.0305 to 0.2213) higher clinical recovery rate
at Day 7 in the Favipiravir group (61.2%)
compared to the Umifenovir group (51.6%).
Also, the Favipiravir group had significantly
shorter latencies to relief in pyrexia (difference:
1.70 days, P<0.0001) and cough (difference: 1.75
days, P<0.0001). They reported only mild and
manageable side effects from the use of
Favipiravir. Although there is a paucity of high-
grade evidence for the effectiveness of Favi-
piravir in COVID-19, the in vitro activity and
benefits seen in early studies strongly suggest
the potential for using Favipiravir in SARS-CoV-2
infection. Our observational study demonstrated
improvement in the majority of patients with
COVID-19 with use of Favipiravir.

Conclusions

Ease of oral administration and a profile of
mild adverse effects are advantages of Favi-
piravir. Further evidence from well-designed
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randomized controlled trials should enable
clinicians to better understand the role of
Favipiravir in the management of the ongoing
coronavirus pandemic. Additional studies are
needed to compare the efficiency of Favipiravir
compared to Remdesivir.
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®ABIIIPABIP TA IEKCAMETA30H V JIIKYBAHHI SARS-COV2 IH®EKIIII
(ImI0THE TOCITiHKEeHH)

M. Latief’, O. Shafi?, Z. Hassan?, *F. Abbas*
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Bctyn. KaiHiuHa KapmuHa kopoHagipycHoi xeopobu (COVID-19) eapitoe 8i0 nezko20 nepebicy 00 MA*KUX
npossie 3 noniop2aHHo AucPyHKyiero. lpomuesipycHuli 3acié gasinipasip, akuli paHiwe 30cmocosysascs 045
NiKYBAHHA 2puny, HewodaeHo bys cxeaneHull 048 nikyeaHHs COVID-19 ne2ko20 ma cepedHbL020 CmyneHs
msaxwocmi e IHOii.

MeTa. 30800HHAM Yb020 00CNIOHEHHSA - OYiHKA epekmusHOCMIi pasinipasipy ma dekcamemaszoHy npu
COVID-19.

MeToaw. Y ninomHe docnioxeHHsA 6yn10 eknroveHo 17 nayieHmis, y akux 6yau nosumusHi /1P mecmu 0o
SARS-CoV-2 ma nidsuweHi mapkepu 3ananeHHA. Yci nayieHmu ompumyeanu npomueipycHy mepanito,
aHmukoa2ynsaHm (eHokcanapuH 0,4 M2 niOwkipHo 08i4i HO 0eHs), 21I0KOKOPpMUKoCcmepoiou (OekcamemasoH 8
M2 W00Hs npoms2om 5 OHie ma 4 M2 Wo0Hs Npoms2oMm 5 OHie). JoCaioxHy8aAUCA MAKi NOKA3HUKU: mpusanicme
nepebiey xgopobu do HezamueHux pe3yabmamie [JIP mecmy, 4ac Hopmanizayii memnepamypu Ha mini
npomusipycHoi mepanii, wWeuokicme 8i0HO8/1EHHS CAMOCMIlIHO20 OUXAHHS.

Pe3ynbTaTW. JIUXOMAOHKQ, Mianz2is, cyxull Kaweas ma 300UWKa 6yau HalinowupeHiuumu cumnmomamu
COVID-19. ¥ scix nayieHmie 6yna aimponeHis. [lpu nposedeHHi KoMntomepHoi momoz2pagii 2pyOHoI kaimku, y
11 (64,7%) nayieHmie 6ysn0 3HAli0EHO CUMNMOM «MaMmMo8020 CKAa», Mmodi K y 6 cnocmepi2anucsa i cumMnmom
«MamMoB020 CKAOx» | YW ilbHeHHS. Y 080X nayieHmis, AKUM 6y/10 NOMpIibHA HeiHBa3UBHA 8eHMUAAYiA, pasinipasip
6yn10 8iOMiHeHo, i yi nayieHmu ompumysasnu pemoecesip npomsazom 5 0Hie. Y nayieHmis, ki ompumysanu auwe
¢asinipasip, MediaHa yacy 00 He2amugHo20 3Ha4YeHHs [1/IP mecmy, weuoKicme nogepHeHHA memnepamypu
00 HOPMA/IbHOI' Ma WeudKiCMb 8i0HOB/EHHA CAMOCMIlIHO20 OUXAHHA cmaHosuna 8,3 ma 6 dHie 8i0nogioHo.

BucHoBOK. Hawe ninomHe 00CnioxeHHS npodeMoHCmMpy8as0 meHOeHYito 00 NOKPaAujeHHs y binswocmi
nayieHmig i3 COVID-19 npu 3acmocysaHHi ¢pasinipasipy. [0/108Hi 06MeXCeHHS - MOAA KibKICMb CNOCMepexceHs,
ma HeobxiOHicmb nposedeHHs 000amMKosuX 00C/idxeHb 018 NOPIBHAHHA epekmusHocmi ¢asinipasipy ma
pemdecesipy .

K/TKOYOBI C/TOBA: SARS-CoV-2; ¢aBinipasip; pemaecesip; COVID-19.
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