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RESEARCH ARTICLE

Effect of Spathodea campanulata Ethanol Leaf Extract
on Hematology and Liver Function of Salmonella-
infected and Paracetamol-induced Swiss Albino Mice

Fred. Coolborn AKHARAIYT”

, Arthur Chinedu OKAFOR™

Effect of Spathodea campanulata Ethanol Leaf Extract on
Hematology and Liver Function of Salmonella-infected and
Paracetamol-induced Swiss Albino Mice

SUMMARY

Herbal remedies for healing is basically on the existing traditional
methods, which is different from one tradition to the other. Liver
performs useful functions that maintain health in humans but it
can be affected to become malfunction if nor guided or protected
against some chemical substances contained in some foods, hard drugs
and drinks. Effect on hematology and hepatoprotective activity of
Spathodea campanulata ethanol leaf extract was studied using an
animal model. Group I mice served as the positive control, group
II mice as negative control, and groups Il — XII mice as satellite
groups which were treated with 200, 400, 800, 1000, and 2000
mglkg of extract after respective Salmonella typhi infection and
paracetamol inducement. Overdose of mice with paracetamol caused
changes in the mices physiology status. In hematology parameters of
mice, red blood cell mean count was higher in the negative control
(7.6£70.92 million/mm?) than the positive control (4.36+0.12
million/ mm?) and lower white blood cells mean count of 3.50+0.18
thousand/mm’ in the negative control than positive control with
a value of 9.62£0.39 thousand/mm’. However, in biochemical
evaluation, albumin (2.21+0.60 mg/dL) and bilirubin (2.11+0.63
mgldL) were higher in the positive control than negative control
with values of 4.9020.11 and 1.08+0.10 mg/dL, respectively. These
abnormalities in the mices physiological status were reversed on
treatment with extract concentrations of 200 to 2000 mg/mL for five
days. S. campanulata ethanol leaf extract can be used as traditional
medicine for the treatment of liver diseases.

Key Words: Liver function, Spathodea campanulata, paracetamol,
Salmonella typhi.

Spathodea campanulata Yaprag: Etanol Ekstresinin Salmonella
ile Enfekte Olan ve Parasetamol ile Indiiklenmis Swiss Albino
Farelerin Hematolojisi ve Karaciger Fonksiyonu Uzerine Etkisi

0z

Tedavi icin bitkilerin kullanims, temelde bir gelenckten digerine
Jarkls olmakla birlikte mevcur geleneksel yontemlere dayanmakradyr.
Karaciger, insan sagligini koruyan fonksiyonlarda gorev aly, ancak
bazi yiyeceklerde, iceceklerde ve ilaglarda bulunan cesitli kimyasal
maddelere karst karacigerde hasar olusabilir. Spathodea campanulara
yapraklarimin  etanol  ekstresinin - hematoloji ve  hepatoprotektif
aktivitesi tizerindeki etkisi hayvan modeli kullanilarak incelenmistir.
Grup 1 fareler pozitif kontrol, grup II fareler negatif kontrol
olarak ve grup III - XII fareler uydu gruplar: olarak kullanilmas,
Salmonella typhi enfeksiyonu ve parasetamol indiiksiyonundan sonra
200, 400, 800, 1000 ve 2000 mglkg dozda ekstre ile uygulama
yapilmagtrr. Parasetamoliin asirt dozu, farelerin fizyolojik durumunda
degisikliklere neden olmugtur. Farelerin hematoloji  parametreleri
incelendiginde, ortalama kirmizi kan hiicresi sayist negatif kontrolde
(7,6 £ 70,92 milyon/mm?®) pozitif kontrolden (4,36 + 0,12 milyon/
mm®) daha yiiksek ve ortalama beyaz kan hiicresi sayisi negatif
kontrolde (3,50 + 0,18 bin/mm’®) pozitif kontrole gire (9,62 +
039 bin/mm’) daha diigiik gozlenmistir. Ancak  biyokimyasal
degerlendirmede albiimin (2,21 + 0,60 mgl/dL) ve bilirubin (2,11
t 0,63 mgldL) negatif kontrole gire srastyla 4,90 + 0,11 ve 1,08
+ 0,10 mgldL degerlerinde daha yiiksek bulunmustur. Farelerdeki
Jfizyolojik degisikliklerdeki bu anormallikler, bes giin siireyle 200-
2000 mg/mL  konsantrasyonlarda  ekstre wygulamas: ile tersine
cevrilmigtir. S. campanulata yapraklarimin etanollii ekstresi, karaciger
hastaliklarinin tedavisi icin geleneksel ilag olarak kullanilabilir.

Anabtar  Kelimeler:  Karaciger  fonksiyonu,
campanulata, parasetamol, Salmonella typhi.

Spathodea
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INTRODUCTION

The majority of urban and rural duelers prioritize
in managing diseases with the accessible and available
herbal remedies within their localities. This type of
practice is adaptable because herbal plants are effec-
tive in the management of diseases. It is certain that
all over the world, there exist plants that produce de-
fensive secondary metabolites against microbial in-
fections. As reported by World Health Organization
(WHO), herbalism is of high percentage in continents
like Asia and Africa, where herbal medicines serve
primary health care (Khan, 2016). The tradition-
al medicine relied upon by a large population of the
world is derived from plant materials (Deshwal, 2011;
Arbab, 2016).

The liver is an organ that performs vital functions
for the maintenance of health in humans. However,
the food we consume and some environmental haz-
ards do affect the liver to relieve or reduce its opera-
tions. Outside these, some chemicals such as anti-tu-
berculosis drugs, paracetamol, carbon tetrachloride
(CCl,), and alcohol have been found injurious to the
liver in high dosage (Arbab, 2016). The setting in of
such disorders in liver need medical attention as well
as protection to avoid infection. Hepatic diseases are
recognized by international public health, and there
has not been a reliable and suitable drug for their cure.
Based on this fact, the need to search and develop ef-
fective alternative drugs for liver protection requires
urgent attention. For the fact that liver malfunction
will reflect vividly in the biochemical physiology and
hematological profiles, this study, therefore, was fo-
cused on how the plant remedy can be employed to
manage or cure the liver infection.

Spathodea campanulata P. Beauv species belong to
the Bignoniaceae family. Phytochemicals such as tan-
nins, sterols, vanilic acid, verminoside, triterpenoids,
ferulic acid, sterol spathodol, chlorogenic acid, mal-
divin, quercetin, caffeic acid, flavonoids, steroids,
alkaloids, phenol, terpenoids, saponins, anthraqui-
nones, phlobatannins have been identified from the
plant (Ngouela, 2001; Akharaiyi, 2015). Report by
Adriana et al. (2007) stated that preparations from

stem bark and leaves of the plant have value in tradi-
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tional medicine to treat inflammation, herpes, kidney
diseases, diarrhea, antidote against animal poison-
ing, urethra inflammations, fungus skin diseases and
stomachaches. Leaf extract of the plant has anti-plas-
modial activity, anti-HIV, hypoglycemic, analgesic,
antimalarial, and antioxidant properties (Niyonzima,
1999).

MATERIALS AND METHODS
Collection of plant samples

Apparently healthy leaves of S. campanulata were
collected from a forest in Akure, Ondo State of Nige-
ria. The plant leaf was identified by Prof Oyun M. B. of
Forestry and Wood Technology Department, Federal
University of Technology, Akure, Ondo State, Nigeria,
and the voucher specimen was deposited in the Uni-

versity herbarium with number AF 1508.
Leaf extract preparations

At room temperature of 2512 °C, leaves of S. cam-
panulata were air-dried for seven days. The dried
plant leaves were ground to smooth powder with a
grinder (Thomas Wiley machine, model 5, USA).
Two hundred grams (200 g) of the powder was ex-
tracted with 500 ml of ethanol at room temperature.
The extract was concentrated in vacuo and stored in a

refrigerator for use.
Acute toxicity test

With the criteria of WHO guideline for evaluation
of efficacy and safety of herbal medicine (WHO, 2000)
and Organization of Economic Co-operation and
Development (OECD) guideline for testing chem-
icals (OECD, 2010), the extracts were tested in vivo
for toxicity. Thirty-five mice of both sexes were pur-
chased and quarantined for a week. Before the test,
the mice were fasted for six h and divided into seven
groups of five. Group 1 mice were each orally dosed
with 10 ml/kg body weight of normal saline, while the
mice in groups 2 - 7 were each dosed with 200, 500,
1000, 2000, 3000, and 4000 mg/kg body weight of ex-
tract, respectively. Toxic symptoms, according to the
criteria of Lorke, (1983) were observed on the mice
for 28 days, and Lethal Dose_ (LD, ) of the quote was
estimated by using the method of Miller and Tainter
(1994). The LD cut-oft of the quote was at 3000 mg/kg
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body weight, and the therapeutic extract dose for this
study was between 200 to 2000 mg/kg body weight.
The performed experimental procedures on the ani-
mals were approved by Nigerian National Health Re-
search Ethics Committee with the assigned number
NHREC/08/2016.

Test bacteria species

Clinical Salmonella typhi was obtained from the
research laboratory of the Microbiology Department,
Federal University of Technology, Akure. The bacte-
ria species was purified and cultured on Salmonel-
la-Shigella Agar for confirmation of essential cultural
characteristics. The pure isolate was Gram-stained
and identified with biochemical tests for verification
before stored on agar slant for use.

Experimental animals

Sixty Swiss albino mice of between 4 to 5 months
with the body weight of between 23 to 35 grams were
used. The mice were acclimatized for two weeks by
feeding them with regular rat feed and water. After
which, they were denied food for 18 h but with access
to water only and conducted in compliance with the
NIH guide.

Experimental design

Twelve groups of five mice each were conducted
for the experiment. Group, I was allowed access to
feed and water as the negative control. Group II mice
were dosed with 1 g/kg body weight of paracetamol
(positive control) three times daily for three days.
Groups III-VII were each infected orally in a single
dose per day for three days with 1 ml of 10° CFU/mL
of Salmonella typhi and treated with 200, 400, 800,
1000, and 2000 mg/kg body weight of extract concen-
trations respectively for three days. Groups VIII-XII
were orally dosed with 1 g/kg body weight of parac-
etamol in a single dose for 3 days and treated with
200, 400, 800, 1000, and 2000 mg/kg body weight of
extract concentrations respectively for three days. Af-
ter the experimental procedures, mice in each group
were anesthetized, and the jugular vein of each mouse
was cut with head held downwards and allowed to
bleed into a vacutainer blood collection tube. The
blood collection tubes were labeled according to
groups of mice. For liver function test and histopa-

thology, the mice in each group were dissected, and
liver tissues were collected for analysis.

Hematology of experimental mice

Red blood cells and white blood cells, leucocytes
differential counts, neutrophil, monocyte, eosinophil,
and lymphocyte differential counts were estimated by
the criteria of Dacie and Lewis (2002) with the auto-
mated hematologic analyzer SYSMEX KX21 (SYS-
MEX Corporation, Japan), hemoglobin was evaluated
with the use of Sahli’s Hemoglobinometer by standard
procedures according to the criteria of Wintrobe et al.
(1961); DAmour et al. (1967), albumin was by the
technique of Doumas et al. (1971) total cholesterol by
the technique of Abel et al. (1953), urea with the tech-
nique described by Fenech and Tommasini (1952),
creatinine by the method of Lustgarten and Wenk,
(1972) and total bilirubin by the process of Watson
and Rogers (1961).

Histopathology of liver tissues

Mice from the controls, extract-treated, bacterial
treated, and satellite groups, liver samples were col-
lected and washed with normal saline. Small pieces
of liver was cut from each treatment and dehydrated
in grades of ethanol. Xylene was used to clear traces
of ethanol and water from the tissues after dehydra-
tion before impregnating then in paraffin wax for 1 h
at a controlled temperature of 60 °C. The tissues were
after that embedded in molten paraffin wax and sec-
tioned with a microtome (Bright, England) at 4 - 6
pum. The sectioned tissues were floated in a water bath
regulated at 35 °C and picked with slides previously
robbed with egg albumin. The tissues were then de-
waxed with xylene, hydrated, cleared with xylene,
stained with hematoxylin and eosin, and mounted
with Dibutylphthalate Polystyrene Xylene (DPX). The
prepared slides were then allowed to dry and photo-
graphed, which were then observed with a binocular
microscope for the level of damages or safety.

Statistical analysis

Obtained results from this study were expressed
as Mean+SD. Differences were compared by One-way
Analysis of Variance (ANOVA) and were followed by
Dunnett’s Multiple Comparison Test using SPSS ver-
sion 16.
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RESULTS AND DISCUSSION
Effect of S. campanulata on hematology of mice

In this study, a mice model was used to study the
hepatotoxic and hepatoprotective effects of S. cam-
panulata ethanol leaf extract at different concentra-
tions. Before the administration of the quotes to the
paracetamol-induced mice and bacteria-infected, the
LD, of the plant extract was investigated and was
found safe at 2800 mg/kg. Figure 1 represents the
hematological profiles of positive control, negative
control, bacterial infected, and paracetamol-induced
(toxicant) mice and co-administered with the various
extract concentrations (satellite). The red blood cells’
mean count in the negative control was 7.6£70.92 mil-
lion/mm?, which was higher than the positive control
with a value of 4.36+0.12 million/ mm?. A lower WBC
means count of 3.50+0.18 thousand/ mm? in negative
control than the positive control group (9.62+0.39
thousand/ mm?®) was recorded. Also, a higher value
above the permissible level (11-19%) was obtained in

The plant extract concentrations of between 200 -
2000 mg/mL administered to groups of mice were to
ascertain any physiological change that might result
from the plant toxin. However, the results obtained
suggest that S. campanulata ethanol leaf extract was
not toxic to the mice at the evaluated concentrations.
Also, the physiological changes exerted on the he-
matology profile of the mice due to bacterial infec-
tion, and paracetamol toxicity were improved by the
extract’s potency on dose dependent. Groups I1I-VII
was proposed; hence drug is not administered with-
out illness. The leaf extract of S. campanulata has
been found to possess antimicrobial activity, and to
ascertain its non-effect on organs for safe use in ail-
ments, S. typhi infection was allowed to manifest ill-
ness in the mice. Outside it that physiological changes
in mice were compared with the negative and posi-
tive control groups, the hematological, biochemical,
and histopathological evaluations hold it safe for use;
hence organs such as kidney and intestine were as well

the hemoglobin of the positive control (20.11%) than protected.
the negative control (11.50%).
B Haemoglobin (%) ®RBC (mfcumm) = WBC (T/cumm) Maonocytes (%)
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Figure 1. Effect of ethanol leaf extract of S. campanulata on hematology of albino mice
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Effect of S. campanulata on biochemical in liver

function

The liver is a multipurpose organ that helps to
break down toxins in the body; therefore its damage
by any hepatotoxic agent is of necessary consequence
(Ansah, 2013). S. campanulata ethanol leaf extract ef-
fectiveness in biochemical markers to ascertain safety
and toxicity of its therapeutic use is presented in Ta-
ble 1. Total protein was 7.15+0.45 and 5.18+0.60 g/
dL, respectively for, negative and positive controls.
This significant decrease in the positive control mice
suggests depletion of protein which is having the po-
tential of increasing hepatic damage that can result in
severe liver necrosis. However, the rise in total protein
contents in the groups treated with 200-2000 mg/kg*"
of the extract was 6.34+0.40, 6.48+0.28, 6.53+0.28,
6.56+0.26, and 6.61+0.34g/dL respectively. This ob-
served result suggests improvement in total protein
alongside extract concentrations. Also observed in
the satellite groups was the increase in protein to-
wards normalcy alongside extract concentrations
with values of 4.78+0.03, 5.22+0.14, 5.38+0.24,
5.42+0.06, and 5.61+0.30 g/dL in the toxicant treat-
ed and co-administered with 200-2000 mg/kg® of
extract. Treatment with the plant extracts protected
protein depletion initiated by paracetamol toxins in
the mice and was confirmed by the observed gradual
increase in protein level. This could be possible be-
cause of the essential phytochemicals present in the
leaf extract. Bhadauria et al. (2007) have reported that
the presence of various flavonoids and esters present
in plants might be responsible for the stimulation of

protein biosynthesis.

Urea level in the biochemical marker of the liv-
er function of mice treated with the extracts was
18.15+1.50 mg/dL in the negative control and
23.40+0.16 mg/dL in the positive control. These re-
sults emphasized adverse impact on the liver with the
induced paracetamol and positive effects on health
status with regular rat meal and water. Recorded re-
sult in the treated mice with 200 - 2000 mg/kg™ of

the extract was in decreasing order of 22.65+0.42,
22.44+0.23, 21.60+0.28, 21.43+1.18, and 21.24+1.03
mg/dL, respectively. In the satellite mice groups in-
duced with toxicant and co-administered with ex-
tracts, an increase in urea values alongside extract
concentrations from 26.24+0.46 - 22.18+0.02 mg/dL
was observed. This observation definitely illustrates
urea reduction in circulation with the extract treat-
ments. A decrease in values to normalcy, as suggested
by the results obtained from the negative control, was
also observed in the uric acid, creatinine, and choles-
terol parameters. So from all observations of the bio-
chemical parameters involved in the liver function of
the mice with the leaf extract, indicates recovery of the
injured liver from 200 mg/mL extract concentration.
The wide difference in these values exists between
the satellite groups of mice, where values of between
200 - 2000 mg/kg™ of the extract are 59.56+1.68,
56.00+3.64, 56.06+1.16, 55.04+1.75, and 55.68+2.65
U/L, respectively. Despite this, the effectiveness of the
quote on liver recovery from the sustained injuries
imposed by paracetamol was evidenced in the de-
creased values alongside extract concentrations when
compared with the positive control value. A similar
trend of decrease in values to normal condition in
the release of bilirubin into circulation to predict of
non-toxicity of the extract even at 2000 mg/mL con-
centration was magnificent. Total albumin was found
higher in the negative control (4.90+0.11 g/dL) than
the positive control (2.21+0.60 g/dL).

While the results of bacteria/extract-treated mice
ranged from 2.14+0.25 g/dL in the low dose of 200
mg/kg®™ of extract to 3.88+0.09 g/dL in the medi-
um dose of 400 mg/kg™" extract, it was 4.28+0.27 g/
dL in the high amount of 800 mg/kg®™ of extract and
4.55+0.36 g/dL in the overdose of 2000 mg/kg"™ of ex-
tract. However, the decrease in value towards meeting
up with the negative value with extract concentrations
as observed in total protein, urea, and total albumin,
was also the order in bilirubin, uric acid, creatinine,
and cholesterol levels. Paracetamol administration at

overdose to the mice initiated increase in cholesterol,
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bilirubin, urea, uric, acid and creatinine levels. On the
other hand, the lower values in protein and total al-
bumin observed in the negative group are promising
signs of liver function and integrity. The significant
increase in the paracetamol-induced mice values in
cholesterol, bilirubin, urea, uric acid, and creatinine
levels indicated various damages such as hepatic,
myocardial, and renal damage and; are responsible
for skeletal muscle alteration (Mada, 2014). The abil-
ity of overdose with paracetamol to effect damages
on liver tissues is connected with the observed vari-
eties of alteration in hematological parameters; and
indeed of sufficient injuries to manifest intracellular
constituents into circulation. The amount of these in
circulation as recorded is a prediction of hepatocel-
lular damages. Stabilization activities of the hemato-
logical parameters investigated with the treatment of
the plant extract concentrations manifested distinct
improvement in the functional status of liver cells.
They could be due to free radical scavenging action
of the extract. Bilirubin, in its nature, is toxic and was
recorded in circulation as a result of a breakdown of

hemoglobin. This bilirubin in circulation, would have

been carried to the liver for detoxification and excre-
tion but was unable to bind to albumin as its function
was also adversely affected by the toxicant. Gagliano et
al. (2007), have reported that overdose of paracetamol
elicits injury to hepatic parenchyma that will cause a
high increase of bilirubin in circulation. The extracts
of S. campanulata prevented the severity of liver dam-
age caused by paracetamol, as evidenced by the low
level of bilirubin in the serum. A similar result was
reported by Panchal et al. (2013). Albumin level was
shallow; hence the liver that produces it was defective.
The low level of bilirubin in the extract-treated mice,
further confirmed that the damages observed in the
positive control mice were as a result of a high dosage
of paracetamol. The results obtained in this study is
following with Gowda et al. (2010), whose report stat-
ed that biochemical markers play an important role
in accurate diagnosis and also for assessing risk and
adopting therapy that improves clinical outcomes and
also with Mohamed et al. (2010), who stated that pop-
ularity of herbal remedies is increasing globally and
at least one-quarter of patients with liver disease use

ethnobotanicals.

Table 1. Effect of ethanol leaf extract of S. campanulata on biochemical parameters in liver functions of albino mice.

Group Bilirubin | Total albumin PIE:;IH Urea Uric acid Creatinine Cholesterol
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Control (-) 1.08+0.10 4.90+0.11 7.15£0.45 18.15+1.50 6.05+0.60 1.38+0.30 113.70+0.50
Control (+) 2.11+0.63 2.21£0.60 5.18+0.60 23.40+0.16 8.02+1.10 1.96+0.09 218.14+0.64
200mg/kg™ 1.65+0.10 2.14+0.25 6.34+0.41 22.65+0.42 8.36+0.14 1.78+0.44 156.03+6.05
400mg/kg™ 1.56+0.34 3.88+0.34 6.48+0.28 22.44+0.23 8.22+0.63 1.75+0.18 151.42+1.15
800mg/kg™ 1.35+0.18 4.28+0.27 6.53+0.28 21.60+0.28 7.30£1.07 1.62+0.65 142.13+0.47
1000mg/kg®™ 1.26+0.21 4.35+0.16 6.56+0.26 21.43+1.18 7.21£0.13 1.51+0.18 133.21+0.13
2000mg/kg™ 1.12+0.03 4.55+0.36 6.61+0.34 21.24+1.03 6.18+0.45 1.47+0.28 130.16+0.18
TOX+200mg/kg™ 1.45+0.26 2.84+0.26 4.78+0.03 26.24+0.45 8.40+0.23 2.40+0.14 222.43+0.56
TOX+400mg/kg"™ 1.37+0.44 2.88+0.34 5.22+0.14 26.18+0.21 8.26+0.26 2.28+1.03 163.07£1.13
TOX+800mg/kg™ 1.28+0.31 3.72+0.18 5.38+0.26 25.31+0.17 7.48+1.17 1.66£0.24 157.14+0.84
TOX+1000mg/kg™ 1.20+0.11 3.60+0.18 5.42+0.16 23.43+0.11 6.40+0.12 1.53+0.33 130.21+1.63
TOX.+2000g/kg"™ 1.15+0.40 3.65+0.09 5.61+0.30 22.18+0.02 6.33+0.27 1.50+0.26 125.08+1.13

Legend: Tox = Toxicant (paracetamol) co-treated with extract concentrations
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Histopathology of experimental mice liver

The histopathological sections of the liver tissue as
seen under the light microscope on the bacteria/ex-
tract-treated mice, the positive, negative controls, and
the satellite-co-administered with extracts treatment

are shown in Figures 2a and 2b.

Observed from the negative control mice are no
distortion. The liver cells appeared normal in shape
with a prominent nucleus, a precise central vein with
typical architectural structure, and a well-preserved
cytoplasm. Hepatic cells were arranged in cord-like
fashion, which is well separated by sinusoids. The mice
dosed with 1g/kg of paracetamol (positive group), has
severe hepatocellular degeneration. The representa-
tive of liver mice infected with S. typhi and co-treated
with 200 mg/kg body weight of extract showed no ad-
verse effects in the liver except a hepatocellular ne-
crosis. In the liver of mice induced with paracetamol
and co-administered with 200 mg/kg body weight of
extract concentrations, recovery from damages was
observed as sinusoids, hepatocellular necrosis, portal
vein, and dented hepatic sinusoid were seen. The kid-
ney and intestine; sectioned tissues of mice infected
with S. typhi and co-administered with the plant ex-

_/"1-'..'4, o

“eay

Figure 2a. Histopathological sections of the liver. (A - Mice fed with regular diet and water (-v

tract concentrations are presented in Figure 3.

Evidence of recovery from distortion of the organs
were observed in the sectioned kidney and intestine;
after treatment. However, the kidney and intestine;
sectioned tissues of mice during bacterial infection
had no distortions, but distortions were observed in
the biochemical and hematology parameters eval-
uated. The administered concentrations of the plant
extracts of between 200-2000 mg/kg, were found not
toxic based on values obtained, which were not sig-
nificantly different from the negative control values.
However, they were also found to reduce the elevat-
ed importance of hematological parameters in the
satellite mice groups towards normality. Activities
of the plant extract concentrations in hepatoprotec-
tive could be dependent on the antioxidant values of
free radical scavenging efficacy of the plant extract
(Akharaiyi, 2015). Several plant chemicals have been
shown to act synergistically as antioxidants. In this
study with S. campanulata ethanol extract, it further
strengthened the report that without reliable modern
drug to manage liver protection, herbs can serve as an
alternative to solve liver problems (Buraimoh, 2010;
Arifianti, 2020).

<] - PN

control), (B - Mice dosed with 1 g/kg body weight of paracetamol without treatment (+v control), (C -
Mice infected with bacteria and treated with 200 mg/kg body weight of leaf extracts), (D - Paracetamol
induced and co-administered with 200 mg/kg body weight of extract), (E- Mice infected with
bacteria and treated with 400 mg/kg body weight of leaf extracts), (F - Paracetamol induced and co-
administered with 400 mg/kg body weight of extract).
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Figure 2b. Histopathological section of the liver. (G - Mice infected with bacteria and treated with 800
mg/kg body weight of leaf extracts), (H - Paracetamol induced and co-administered with 800 mg/kg
body weight of extract), (I - Mice infected with bacteria and treated with 1000 mg/kg body weight of

leaf extracts), (J - Paracetamol induced and co-administered with 1000 mg/kg body weight of extract),

(K- Mice infected with bacteria and treated with 2000 mg/kg body weight of leaf extracts), (L - Parac-

etamol induced and co-administered with 2000 mg/kg body weight of extract).

Legend: Clear central vein (CCV), Hepatocellular necrosis (HN), Sinusoids (SS), dented hepatic sinusoid (DHSD),
Portal vein (PV), Normal cellular architecture (NCAS), Severe Hepatocellular Degeneration (SHCD), Bile duct

(BD), Interlobular connective tissue (ICT), Hepatocytes (HP), Central vein (CV), Dented hepatic sinusoid (DHS),
Sinusoids (SD), Focal necrosis (FN) and Hepatic artery (HPA)

Figure 3. Histopathological sections of Kidney and intestine; of mice (A= Kidney of mice after treat-
ment from S. typhi infection, B = Intestine of mice after treatment from S. typhi infection, C = Kidney
of mice with S. typhi infection, D = Intestine of mice with S. typhi infection.

Legend: Well structure glomeruli (WSG), Normal villi architectural structure (NVAS), interstitial space (IS), Villi
inflammation (VIF), distorted villi structure (DVS).
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CONCLUSION

On inducing some mice with an overdose of
paracetamol, specific negative changes for liver mal-
function were observed. Also, changes from negativi-
ty to normality resulting from healing or injury recov-
ery were noticed on a group of mice pretreated (satel-
lite) with the plant extract at varying concentrations.
The evaluation of these comparisons was possible
because of the negative control group of mice which
were given regular mice feed and water only. Most of
the pathological changes observed in the mice liver
include fibrosis around the central vein and sinusoids
which were reduced by the plant extract concentra-
tions in the satellite group of mice. The hepatopro-
tective effects of S. campanulata ethanol leaf extracts
highlight their unquestionable antioxidant properties.
In the hematological assay, higher values in positive
control than negative control was observed in biliru-
bin and total protein. The rise in these parameters sig-
nifies less functional activity of the liver. Apart from
the increase in bilirubin and total protein, specific ad-
verse effects were also observed in the urea, uric acid,
creatinine, and cholesterol. These alterations indicat-
ed skeletal muscle. The hepatoprotective effects of the
extract of S. campanulata against paracetamol-in-
duced toxicity in this study were further confirmed by

the histopathological studies.
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Synthesis, Characterization and In Vitro Evaluation
for Antimicrobial and Anthelmintic Activity of Novel
Benzimidazole Substituted 1,3,4-Thiadiazole Schiff’s Bases
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Synthesis, Characterization and In Vitro Evaluation
Jfor Antimicrobial and Anthelmintic Activity of Novel
Benzimidazole Substituted 1,3,4-Thiadiazole Schiff’s Bases

SUMMARY

Benzimidazoles, 1,3,4-Thiadiazoles, and Schiff’ bases have shown
many properties against different types of diseases, including
bacterial infection and helminthiasis. Because of the need for new
antimicrobial and anthelmintic ~agents, novel benzimidazole
substituted 1,3,4-thiadiazole Schiffs bases were designed and
synthesized. The synergy arising from the successful incorporation
of benzimidazole ring, thiadiazole ring, and Schiffs base in one
pharmacophore was exploited in this work. Eleven such derivatives
were synthesized and investigated for their in vitro antimicrobial
and  anthelmintic  properties. | H-benzo[d]imidazole-2-carboxylic
acid was first prepared by the oxidation of 2-methyl-1H-benzo/d]
imidazole with alkaline potassium permanganate. 1H-benzo[d]
imidazole-2-carboxylic acid was then converted to N-arylidene-5-
(1H-benzo[d]imidazol-2-yl)- 1,3,4-thiadiazol-2-amine by reacting
with an aqueous solution of thiosemicarbazide in the presence
of few drops of concentrated sulphuric acid. Finally different
benzimidazole substituted 1,3,4-thiadiazole Schiffs bases were
prepared by reacting thiadiazole substituted benzimidazole with
suitable aryl aldehyde. Compound PP-4 was found to be more potent
than the standard drug in causing the death of nematodes, which
took an average time of 13.22 and 19.00 min against Perionyx
excavatus and Pheretima posthuma, respectively. Compounds PP-4,
PP-6, and PP-8 containing electron-withdrawing groups (4-nitro,
2-bromo, 4-chloro) exhibited antimicrobial activity with the zone
of inhibition ranging from 8-27 mm comparable to Ampicillin with
the value ranging from 22-27 mm for all the tested strains.

Key Words: Schiff base, Benzimidazole, 1,3,4-Thiadiazole,
Anthelmintic activity, Helminthiasis, Antibacterial

Yeni Benzimidazol Siibstitiie 1,3,4-Tiyadiazol Schiff Bazlarinin
Sentezi, Karakterizasyonu ve Antimikrobiyal ve Anthelmintik
Aktivitesinin In Vitro Degerlendirmesi

0z

Benzimidazoller, 1,3,4-Tiyadiazoller ve Schiff bazlar: gesitli bakteriyel
enfeksiyonlar ve helmintiyazis gibi hastaliklara kars: farkl ozellikler
gostermektedir. Yeni antimikrobiyal ve antibelmintik bilesiklere
duyulan ihtiyag goz niine almarak yeni benzimidazol-siibstitiie
1,3,4-tiyadiazol Schiff bazlar: tasarlanmis ve sentezlenmistir. Bu
arastirmada  benzimidazol halkasi, tiyadiazol halkas: ve Schiff
baz1 farmakoforlarimin basarily bir sekilde bir araya gelmesiyle elde
edilecek sinerjiden yararlanilmas: planlanmistar. Bu amagla, 11
tiirev sentezlenip, in vitro antimikrobiyal ve antibelmintik ozellikleri
agisindan  arastiribmastsr.  Oncelikle,  1H-benzo[d]imidazol-2-
karboksilik asit, 2-metil-1H-benzo[d]imidazoliin alkali potasyum
permanganat ile oksidasyonu ile hazirlanmisnir.  Daba  sonra,
1H-benzo[d]imidazol-2-karboksilik asit birkac damla konsantre
siilflirik asit varliginda tiyosemikarbazidin sulu cozeltisi ile muamele
edilerek N-ariliden-5-(1H-benzo[d]imidazol-2-yl)-1,3,4-tiyadiazol-
2-amin'e doniigtiiriilmiigtiir. Son olarak, farkly benzimidazol-siibstitiie
Schiff bazlar: wygun arilaldehit ile tiyadiazol-siibstitiie benzimidazol
halkasinin reaksiyonu ile hazirlanmstr. Bilesik PP-4’%in Perionyx
excavatus and Perionyx posthumaya karst nematodlar: ildiirme
etkisinin, sirasiyla 13.22 ve 19.00 dakika siireler ile standart ilagtan
daha giiclii oldugu bulunmugtur. Elektron cekici gruplar (4-nitro,
2-bromo, 4-kloro) iceren PP-4, PP-6 ve PP-8 bilesikleri tiim suslarda
8-27 mm inhibisyon alani ile 22-27 mm inbibisyon degeri gosteren
Ampisilin ile kargilagtirilabilir antimikrobiyal aktivite sergilemistir.

Anabhtar Kelimeler: Schiff bazi, Benzimidazol, 1,3,4-Tiyadiazol,
Antibelmintik aktivite, Helmintiyazis, Antibakteriyel
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INTRODUCTION

Antimicrobial resistance (AMR) to antibiotics is
one of the global threats to public health standards,
and it has reduced the efficacy of antibacterial drugs,
making the treatment of patients difficult, costly, or
even impossible. This raises the need to search for
new potent antimicrobial agents with reduced resis-
tance to pathogens and having a broad spectrum of
biological activity. On the other side, infections with
parasitic helminths are important causes of morbidity
and mortality globally. Anthelmintics are anti-para-
sitic drugs that expel parasitic worms from the human
body without causing significant damage to the host.
Resistance to benzimidazoles used to treat helmin-
thiasis, has been reported. There are genetic factors
in parasitic helminths that favor the development of
anthelmintic resistance (Ahn et al., 1993). Frequent
usage of the same group of anthelmintic drugs, us-
ing anthelmintics in sub-optimal doses, prophylactic
mass treatment of domestic animals, and continuous
use of a single drug has contributed to the overall de-
velopment of anthelmintic resistance (El-Zemity et
al., 2006).

N
C[f NH_C&H}

Albendazole

0)

In the last few decades, the chemistry of five-mem-
bered heterocyclics like 1, 3, 4 - thiadiazole and five
- membered fused heterocyclics like benzimidazoles
are reported to show a wide spectrum of biological
activity. Benzimidazoles like albendazole, thiaben-
dazole, and flubendazole (anthelmintic) (Figure 1),
omeprazole, and lansoprazole (anti ulcerative), and
astemizole (antihistaminic) are in use. The chemis-
try and pharmacology of benzimidazole have been of
great interest to medicinal chemist because its deriv-
atives possessed various biological activities such as
antioxidant (Gurer-Orhan et al.,2006), antimicrobial
(Ozkay et al., 2010), anticancer (Zienab et al., 2011),
antihypertensive (Kumar et al., 2006), anti-inflamma-
tory (Lazer et al., 1987), analgesic (Achar et al., 2010),
antiprotozoal (Katiya et al.,, 1994), anti-hepatitis (Li
et al., 2006), antiulcer (Cho et al., 2001), antifungal
(Sanja et al., 2007) and anticonvulsant activity (Shin-
galpur et al., 2010). Apart from the above activities,
benzimidazole derivatives also have reported anthel-
mintic activities (Mahama et al., 2011; Beatriz et al,,
2013; Faruk et al., 2014; Katti et al., 2019).
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Figure 1. The structure of some marketed benzimidazole anthelmintics

The 1,3,4-thiadiazole pharmacophore has exten-
sive pharmacological significance. The derivatives of
1,3,4- thiadiazole possess an array of biological activi-
ties due to azomethine linkage. A variety of 1,3,4-thia-
diazole is in use, like Acetazolamide (diuretic), Ce-
fazolin, Cefazedone (antibiotics), Megazol (antipro-
tozoal), Timolol maleate (NSAIDs), Methazolamide
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(carbonic anhydrase inhibitor), and Sulphamethizole
(antibacterial). 1,3,4-thiadiazole derivatives also have
reported anthelmintic activities (Marin et al., 1992;
Somnath et al., 2015).

Schift’s bases are an important class of organ-
ic compounds with imine or azomethine (-C=N-)
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functional group. Schiff’s bases are reported to pos-
sess a wide variety of pharmacological actions, in-
cluding potential anti-inflammatory, antibacterial,
antitubercular, antiviral, anticonvulsant, and anthel-
mintic activities. It was proposed that a wide spec-
trum of biological activities of Schiff’s bases could
be due to interaction of nitrogen atom of azomethine
with the active centers of cell constituents by form-
ing a hydrogen bond, and thus, it interferes in normal
cell processes (Venugopala et al., 2003). Schiff’s bases
also reported as a promising anthelmintic (Rao et al.,
2014; Varshney et al., 2014; Reddy and Kumar 2014;
Husaina et al., 2018; Satyajit, 2011; Balaji et al., 2017)
with some derivatives possessing an activity better
than that of albendazole and piperazine citrate.

Because of the need for new antibacterial and an-
thelmintic agents, novel benzimidazole substituted
1,3,4-thiadiazole Schift’s bases were designed and
synthesized. The synergy arising from the success-
ful incorporation of benzimidazole ring, thiadiazole
ring, and Schift’s base pharmacophore was exploited
in this research. Since the individual pharmacophores
have antibacterial and anthelmintic activity, it was
expected that, their successful incorporation in one
molecule would improve the antibacterial and anthel-
mintic activity of the compound.

MATERIALS AND METHODS
General

All the chemicals and reagents used in this study
are purchased from Himedia, Fischer & Merck chem-
icals and are self-funded. The melting points for the
compounds were determined in an open glass cap-
illary using a Kjeldahl flask containing paraffin and
are uncorrected. All the synthesized compounds were
characterized by CHN (Carbon, Hydrogen, and Ni-
trogen) analysis, IR spectral data, '"H NMR, and some
selected compounds were characterized by mass
spectroscopy. The IR spectra were recorded using an-
alytical technologies FT-IR spectrophotometer 2202.
"H-NMR spectra was recorded on Bruker 300 MHz in
DMSO. Mass spectra were scanned on Brucker MICR
QTOF-QII, ESI mass spectrophotometer. C, H, N
elemental analyses were recorded on Heraeus CHN
rapid analyzer, and the values were found within +
0.4% of the theoretical values. The Purity of the com-
pounds was checked by TLC (thin layer chromatog-

raphy) on Merck silica gel 60 F_,, pre-coated sheets in
a chloroform/methanol mixture solvent system, and
spots were located using an iodine chamber or a UV

>,cH3

H
NaHCO3/KMnO4lRef lux

PP-1

chamber.

800-90°C| NH,NHCSNH,
4hrs | grom/H,S0,

IO
(IO

PP 3-11

—\ R

\ 7

R=H, 4-NO,, 2-OH, 2-Br, 4-OH, 4-Cl, 4-CHj, 4-OCH,, 4-OH and 2-OCH,

Figure 2. The scheme of Protocol for synthesis of
benzimidazole substituted 1,3,4-thiadiazole Schiff’s bases.

Chemistry

Synthesis of 1H-benzo[d]imidazole-2-carbox-
ylic acid (PP-1): 2-methyl-1H-benzo[d]imidazole
(0.01mole) was added to a solution of sodium bi-
carbonate (0.01mole) and potassium permanganate
(0.0lmole) in water (Agrawal et al, 1982; Norris,
1924), then the reaction mixture was refluxed for 15
hrs (Figure 2). The reaction mixture was cooled and
acidified with conc. HCl and the product was collect-
ed and recrystallized from ethanol. Yield: 82%; m.p.
176-180°C; IR(cm™): 3426(-NH), 3080 (C-H aro-
matic), 2971(OH acid) 1742, 1631(C=N),1721(C=0
acid); 'H NMR(DMSO-d6, §, ppm): 12.34 (1H,
-COOH), 7.49-7.11 (4H, Ar-H), 4.7 (1H, NH); MS
(EL, m/z): 162(M*), 118 (100%).
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Synthesis of 5-(1H-benzo[d]imidazol-2-yl)-
1,3,4-thiadiazol-2-amine (PP-2): An
solution of 1H-benzo[d]imidazole-2-carboxylic acid

ethanolic

(Compound PP-1, 0.01 mole), was added to aqueous
solution of thiosemicarbazide (0.02 moles) with stir-
ring, few drops of conc. sulphuric acid (Hussain et
al., 2005) was added and heated for 4 hrs at 80-90°C.
With completion of the reaction (TLC), reaction mix-
ture was cooled and poured into ice-cold water, ba-
sified with 10% Na CO, solution, filtered, dried and
recrystallized from ethanol. Yield: 74%; m.p. 184-
185°C; IR(cm™): 3426 (-NH), 3250 (—NHZ), 1742,1631
(C=N), 1020 (C-S); 'H NMR(DMSO-d6,8,ppm):
7.60-7.20 (4H, Ar-H), 7.51 (2H, NHZ) 4.7 (1H, Ben-
zimidazole); MS (EI, m/z): 218(M*); Anal. % Calc/
found for CH N_S (M.W. 217.25): C, 49.76/49.87; H,

9775

3.25/3.71; N, 32.24/32.97.

General synthesis of N-Arylidene-5-(1H-ben-
zo[d]imidazol-2-yl)-1,3,4-thiadiazol-2-amine (PP
3-11): The corresponding aryl aldehyde (0.1 moles)
was added to a solution of the thiadiazole substitut-
ed benzimidazole derivative (compound PP-2, 0.1
moles) in absolute ethanol (30 ml) and the mixture
was refluxed for 2 hrs (Varshney et al., 2014; Hu-
saina et al., 2018). The reaction mixture was cooled
and kept for 24 hrs. The crystals found were filtered,
dried, and recrystallized from ethanol.

5-(1H-Benzo[d]imidazol-2-yl)-N-benzylidene-
1,3,4-thiadiazol-2-amine (PP-3): Yield: 92%; m.p.
174-176°C; IR(cm™): 3378(-NH), 3078(Ar-H), 2970-
2855(C-H aliphatic), 1604(C=C), 1632(CH=N),
690.47 (C-S-C); 'H NMR (DMSO-d6, 6, ppm): 4.69
(1H,NH-Benzimdazole),7.2-7.8(9H,Ar),8.24  (1H,-
N=CH); MS (EI, m/z): 305 (M*); Anal. % Calc/
found for C_H N_S (M.W. 305.36): C,62.93/62.87; H,

1677117 '5

3.63/3.71; N, 22.93/22.97.

5-(1H-Benzo[d]imidazol-2-yl)-N-(4-nitroben-
zylidene)-1,3,4-thiadiazol-2-amine (PP-4): Yield:
82% m.p. 168-169°C; IR(cm™): 3379(-NH), 3024
(Ar-H), 2923(C-H aliphatic), 1517, 1313 (NO,); 'H
NMR (DMSO-d6, §, ppm): 4.7 (1H,NH-benzim-
idazole), 7.9-7.4(8H, Ar), 8.67 (1H, -N=CH); MS
(EL, m/z): 349.5 (M*); Anal. % Calc/found for C, H-
N O.S (M.W. 350.35): C,54.85/54.88; H, 2.88/2.85;

10076 72

N, 23.99/24.04.
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2-(((5-(1H-Benzo[d]imidazol-2-yl)-1,3,4-thia-
diazol-2-yl)imino)methyl)phenol (PP-5): Yield:
88% m.p. 171-173°C; IR(cm™): 3307(-NH), 3263(-
OH), 3036(Ar-H); 'H NMR (DMSO-d6, 8, ppm): 4.7
(1H, NH-benzimidazole), 7.4-7.0(8H, Ar), 4.51 (1H,
OH), 8.39 (1H, -N=CH); MS (EI, m/z): 321 (M");
Anal. % Calc/found for C_ H N.OS (M.W. 321.36):

1677117 '5

C,59.80/59.88; H, 3.45/3.38; N, 21.79/21.74.

5-(1H-Benzo[d]imidazol-2-yl)-N-(2-bromo-
benzylidene)-1,3,4-thiadiazol-2-amine (PP-6):
Yield: 76%; m.p. 181-183°C; IR(cm™): 3065 (C-H__),
2900-2960 (C-H,,,, ), 1620(C=N), 686-515(C-Br); 'H
NMR (DMSO-d6, §, ppm): 4.7 (1H,NH-benzimidaz-
ole), 7.2-7.7(8H, Ar),9.33 (1H, -N=CH); MS (EI, m/z):
384 (M"); Anal. % Calc/found for C_H N_BrS (M.W.

167107 '5

384.25): C,50.01/49.88; H, 2.62/2.68; N, 18.23/18.28.

4-(((5-(1H-Benzo[d]imidazol-2-yl)-1,3,4-thia-
diazol-2-yl)imino)methyl)phenol (PP-7): Yield:
83%; m.p. 174-175°C; IR(cm™): 3379 (-NH), 3211
(-OH), 3078 (C-H, ), 2854 (C-H, ), 1631 (C=N);
'H NMR (DMSO-dS6, §, ppm): 4.69 (1H, NH-ben-
zimidazole), 7.78 (2H, Ar), 7.61 (2H, Ar), 7.20 (2H,
Ar), 6.85 (2H, Ar), 4.51 (1H, OH), 9.54 (1H, -N=CH);
Anal. % Calc/found for C_ H N.OS (M.W. 321.36):

1677117 '5

C,59.80/59.86; H, 3.45/3.43; N, 21.79/21.83.

5-(1H-Benzo[d]imidazol-2-yl)-N-(4-chloro-
benzylidene)-1,3,4-thiadiazol-2-amine (PP-8):
Yield: 74%; m.p. 189-192°C; TR(cm™): 3380(-NH),
3065 (C-H,_), 1701(C=N), 815(C-Cl); 'H NMR
(DMSO-d6, §, ppm): 5.0 (1H,NH-benzimidazole),
7.2-7.7(8H, Ar), 7.90 (1H, -N=CH); MS (EI, m/z):
341 (M*); Anal. % Calc/found for C_H N, CIS(M.W.

1677100 '5

339.80): C,56.55/56.49; H, 2.97/2.98; N, 20.61/20.68.

5-(1H-Benzo[d]imidazol-2-yl)-N-(4-methyl-
benzylidene)-1,3,4-thiadiazol-2-amine (PP-9):
Yield: 81%; m.p. 187-189°C; IR(cm™): 3024 (C-H,_ ),
2923(-CH,), 2855(=CH), 1699 (C=N); 'H NMR (DM-
SO-ds6, §, ppm): 4.79 (1H, NH-benzimidazole), 7.22-
7.7 (8H, Ar), 8.02 (1H, -N=CH-), 2.35(3H, CH3); MS
(EI, m/z): 320 (M*); Anal. % Calc/found for C_H .N.S

(M.W. 319.38): C,63.93/63.87; H, 4.10/4.16; N,
21.93/22.00.

5-(1H-Benzo[d]imidazol-2-yl)-N-(4-methoxy-
benzylidene)-1,3,4-thiadiazol-2-amine (PP-10):
Yield: 70%; m.p. 173-174°C; IR(cm™): 3070 (C-H,_ ),
1699(-C=N), 1234(-OCH,); '"H NMR (DMSO-d6, §,
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ppm): 4.79 (1H, NH-benzimidazole), 7.0-7.8(8H, Ar),
9.32(1H,-N=CH-), 3.99(3H, —OCHs); MS (EI, m/z2):
336 (M"); Anal. % Calc/found for C _H, N,OS (M.W.

137 °5

335.38): C,60.88/60.87; H, 3.91/4.02; N, 20.88/20.80.

4-(((5-(1H-Benzo[d]imidazol-2-yl)-1,3,4-thia-
diazol-2-yl)imino)methyl)-3-methoxyphenol (PP-
11): Yield: 68%; m.p. 166-168°C; IR(cm™): 3434(-
OH), 3037, 2882 (C-H,,), 2853(C-H,, ), 1148(-
OCH,), 687(C-S) ;'H NMR (DMSO-d6, §, ppm): 4.79
(1H, NH-benzimidazole), 7.2-7.7(5H, Ar-H), 6.41-
6.48(2H, Ar), 5.34(1H,-OH), 9.33(1H,-N=CH-) 3.83
(3H,-OCH,); MS (EI, m/z): 352 (M*); Anal. % Calc/
found for C_H, N.O_S (M.W. 351.38): C, 58.11/58.17;

137572

H, 3.73/3.68; N, 19.93/19.86.
In vitro Antimicrobial Activity

Antibacterial activity of the newly synthesized
compounds was carried out using three gram-positive
bacterial strains; S. aureus and B. cereus and S. epi-
dermidis, and three gram-negative bacterial strains;
E. coli, S. typhi, and K. pneumonia, by standard disc
diffusion method (Cruickshank et al., 1975; Sahoo et
al., 2010). Standard inoculums (1/100 mL of medium)
with suspension (105 CFU/mL) were introduced into
the surface of sterile agar plates, and an even distribu-
tion of the inoculum was achieved by using a sterile
bent glass spreader. The paper disks prepared from
Whatman paper (grade no. 1), measuring 6 mm in
diameter and 2 mm thickness, were sterilized by dry
heat for 1 h. Three paper discs impregnated with each
test samples (PP 1-11) in a concentration of 25 ug/mL
in DMF (dimethyl formamide), one standard disc of
drug- Ampicillin (20 pg/disc) and one negative con-
trol disc impregnated with solvent- DMF were placed
at different places in a nutrient agar plate medium
having a pH (7.240.2). All the Petri dishes were then
inverted and kept in an incubator for a period of 24 h
at 37+2°C. Inhibition zones (in mm) were measured
and the average zone diameter of test samples was
obtained in triplicate sets. Inhibition zones of the test
samples were compared with the inhibition zone of
the standard drug.

Anthelmintic Studies

The newly synthesized benzimidazole substi-
tuted 1,3,4-thiadiazole Schiff’s bases were tested for
anthelmintic activity against two different worms
species; Pheretima posthuma and Perionyx excava-

tus, at a 2 mg/mL concentration (Dahiya et al., 2007).
Earthworms collected from local marshy areas were
washed with normal saline water to remove adhering
soil and fecal matter. Suspensions of the synthesized
compounds (100 mg) were prepared by triturating
with Tween 80 (0.5%) and normal saline solution and
stirring the resulting mixtures for 30 min. These sus-
pensions were suitably diluted to obtain conc. of 0.2%
w/v of the test samples. The suspension (0.2% w/v)
of the standard drug albendazole was prepared in the
same manner. Three sets of five earthworms of almost
similar sizes (approx. 2 inches in length) were placed
in Petri dishes of 4 inches diameter containing 50 mL
of a suspension of prepared test samples and alben-
dazole. Another petri dish containing 50 mL suspen-
sion of distilled water and tween 80 (0.5%) was kept as
control and a set of five earthworms was placed in it.
The paralyzing and death times for each synthesized
compound and standard drug were noted, and their
mean was calculated for triplicate sets. The death time
was ascertained by placing the earthworms in warm
water (50°C) which stimulated the movement, if the
worm was alive.

Statistical Evaluation

Antibacterial activity of the titled compounds
were analyzed by mean + standard deviation (SD)
(n=3) and compared with the standard. Similarly,
anthelmintic activity of the test compounds was ana-
lyzed by mean + SD (n=5) and compared with refer-
ence drug Albendazole.

RESULT AND DISCUSSION
Chemistry

A novel series of benzimidazole heterocyclic com-
pounds incorporated with thiadiazole Schiff bases
were prepared as per literature with little modifica-
tion. The compounds were obtained in moderate to
good yield ranging from 68-92%. Elemental analysis
data of the synthesized compounds are within +0.4%
of the theoretical values. In general, IR spectra of com-
pounds PP 3-11 exhibited the presence of absorption
bands for C=N stretching between 1630-1700 cm
and a C-S-C linkage in thiadiazole at around 690cm™.
The '"H NMR also confirms the presence of shift value
at 8.24-9.37 for CH=N groups. The reported spectral
data have given sufficient evidence for the successful
synthesis of desired compounds.
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Biological Studies

All the newly synthesized benzimidazole deriva-
tives showed moderate to good antibacterial activity
against all the tested strains. The results of antibacte-
rial studies are presented in “Table 17, and a compar-
ison of their activity in “Figure 3”. While performing
the antimicrobial studies by disc diffusion method,

it was noticeable that compounds (PP 3-11) hav-
ing varied substitutions at ortho- and para- position
of the aryl ring have different antimicrobial activity
spectrum. Compounds PP-4, PP-6 and PP-8 hav-
ing electron-withdrawing groups (4-nitro, 2-bromo,
4-chloro) exhibited inhibitory effect comparable to
Ampicillin. Compound PP-2 containing a free -NH,
group on the thiadiazole ring also showed significant
antibacterial activity compared to the standard.
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Figure 3. Comparison of antimicrobial activity of the compounds.
SA = Staphylococcus aureus (ATCC 11633), BC = Bacillus cereus (ATCC 11778), SE = Staphylococcus epidermidis (ATCC 155),
EC = Escherichia coli (ATCC10536), ST = Salmonella typhi (MTCC 733), KP = Klebsiella pneumonia (ATCC 10031).

Table 1. Antibacterial activity of the synthesized compounds

Antibacterial activity (Zone of inhibition in mm)*
Compounds Gram (+) bacteria Gram (-) bacteria
SA BC EC ST KP

PP-1 8+0.00 12.32+0.23 21.21+0.32 11+0.00 8.2 +£0.24 14 + 0.00
PP-2 16+0.00 20+0.00 13.32+0.32 14.9+0.15 21+0.00 22 £0.00
PP-3 13.2+0.26 6 £0.00 9.42+0.25 20.1+0.41 16+0.00 15+0.00
PP-4 24.16£0.12 24+0.00 27%0.00 20+0.32 24.36+0.28 25.6+0.17
PP-5 7.77£0.22 13.24+0.32 12.76+0.27 16+0.00 21+0.00 17.3+0.20
PP-6 25 +0.00 24.76+0.2 23.1+£0.43 21.29+0.41 25+0.00 24.34+0.12
PP-7 11.2+0.26 14£0.00 12.5+£0.31 10+0.00 20.2+0.26 24.52+0.3
PP-8 24.1 £0.32 20+0.00 16+0.00 20.8+0.24 8+0.00 18.0+0.00
PP-9 610.00 10.1+0.52 12.3+0.43 18.6+0.4 13+0.00 13.48+0.30
PP-10 14.60.10 13.22+0.42 18+0.00 17+0.00 21.6£0.47 1940.00
PP-11 16+0.00 12.33+0.2 20£0.00 18+0.00 21.25+£0.38 23%0.00

Ampicillin 25%0.00 25%0.00 24+0.00 22+0.00 27+0.00 26x0.00
DMF - - - - -

“Data are given as mean + S.D (n = 3); SA = Staphylococcus aureus (ATCC 11633); BC = Bacillus cereus (ATCC 11778); SE = Staph-
ylococcus epidermidis (ATCC 155); EC = Escherichia coli (ATCC10536);ST = Salmonella typhi (MTCC 733); KP = Klebsiella pneumonia

(ATCC 10031).
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However, the pattern of the result of anthelmint-
ic activity of the test compounds was quite different
from their antibacterial activity. Some of the com-
pounds were found to show anthelmintic activity
comparable to the standard drug albendazole. The re-
sults of anthelmintic studies are reported in “Table 27,
and a comparison of their activity in “Figure 4”. The
mean paralyzing time (min) of tested compounds
against P. excavatus and P. posthuma, was observed to
be 9.10-18.23 and 13.11-22.31 min in comparison to
9.70 and 12.20 min shown by albendazole. The mean
death time (min) of tested compounds against P. ex-
cavatus and P. posthuma, ranged from 13.22-28.36
and 19.00-28.32 min in comparison to 14.80 and
20.70 min shown by albendazole. The most and the
least potent anthelmintic compound in terms of mean
paralyzing time against P. excavatus was noted to be

30

PP-4 (9.10 min) and PP-9 (18.23 min), while against
P. posthuma, PP-4 (11.10 min) and PP-1 (28.32 min)
had the similar spectrum of activity. Compound PP-4
was found to be more potent than the standard drug
in causing the death of nematodes, which took an av-
erage time of 13.22 and 19.00 min against P. excavatus
and P. posthuma, respectively. Apart from compound
PP-4, other compounds like PP-6 and PP-11 had com-
parable anthelmintic activity to that of albendazole.
Compounds with electron-withdrawing substituent
at ortho position led to a considerable increase in ac-
tivity. Again, the compound with hydroxyl substitu-
ent in para position and methoxy substituent in ortho
position also shows significant increase in the anthel-
mintic activities. Hence, there is a significant role of
electron-withdrawing group on the anthelmintic ac-
tivity.
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Figure 4. Comparison of anthelmintic activity of the compounds

Table 2. Anthelmintic activity of the title compounds PP1-11

Earthworm Species
Compounds Perionyx excavates Pheritima posthuma
Mean para.lyzing time Mean death time (min)* Mean p ara}yzing time Mean death time (min)*
(min)? (min)?
PP-1 17.43+0.28 22.32+0.13 21.11+0.92 28.32+0.30
PP-2 11.86+0.30 16.62+0.11 14.87+0.68 23.42+0.42
PP-3 11.5+0.28 16.30+0.35 15.67+0.21 25.48+0.53
PP-4 9.10£0.32 13.22+0.25 11.10+0.72 19.00+0.10
PP-5 15.12+0.36 20.62+0.15 21.23+0.12 26.30+0.22
PP-6 10.24+0.47 15.20+0.32 13.42+0.56 20.91+0.15
PP-7 12.21+0.11 16.22+0.30 15.78+0.56 24.36+0.13
PP-8 12.31£0.16 17.22+0.41 16.11+0.75 24.23+0.28
PP-9 18.23+0.19 28.36+0.25 19.67+0.81 27.48+0.91
PP-10 16.23+0.32 21.32+0.71 22.31+£0.43 26.47+0.18
PP-11 10.12+0.33 15.30+0.24 13.15+0.53 22.16+0.63
Albendazole 9.70£0.19 14.80+0.42 12.20+0.35 20.70+0.21
Control No paralysis No death No paralysis No death

*Data are given as mean + S.D (n = 5)
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CONCLUSION

Various benzimidazole substituted 1,3,4-thiadi-
azole Schiff base derivatives were prepared with the
objective of developing better antibacterial and an-
thelmintic moiety. The procedure reported herein is
simple, economical, efficient, and environmentally
friendly. Additionally, the derivatives were precipitat-
ed in their analytical grade without the necessity for
chromatographic purification. Three of the eleven
new compounds had a comparable antibacterial and
anthelmintic activity to that of standard and, as such,
could be further developed as alternative antimicrobi-
al and anthelmintic agents for the future.
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Serum Type Hyaluronic Acid Formulations: In vitro
Characterization and Patch Test Study
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Serum Type Hyaluronic Acid Formulations: In vitro
Characterization and Patch Test Study

SUMMARY

Hyaluronic acid is a natural polymer thar provides moisture to the
skin and supports the skin’s elasticity by helping to keep it supple.
Hyaluronic  acid-containing serum, semi-solid and injectable
Jormulations are available commercially. In this study, serum type
Jformulations containing hyaluronic acid were prepared. The final
Jormulation containing 1% hyaluronic acid was selected from the
prepared formulations and stability tests, protective efficacy tests
(ISO 11930), and in vivo allergic irritation tests of this formulation
were performed. The pH of the 1% hyaluronic acid formulation
was adjusted to 5.5. Microbial analysis using Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli, and Candida
albicans strains showed that the final formulation does not pose a
contamination risk. In addition, it has been proven in the protective
efficacy test of the final formulation that it has an antimicrobial
effect of up 1o 28 days. According to the patch-shaped irritation test
results in 15 subjects between the ages of 22-70, no allergic reaction
was observed in the subjects for one week. No change was observed
in the physicochemical properties of the final formulation ar 25°C
65% relative humidity. In conclusion, the hyaluronic acid serum
Jformulation has been evaluated as a product that can be used safely
Jor moisturizing the skin.

Key Words: Hyaluronic acid, skin moisturizing, serum type

Jormulation, in vivo allergy test, cosmetic product

Hyaluronik Asit Serum Formiilasyonlari: In vitro Karakterizasyon
ve Yama Testi Caligmas:

0z

Hyaluronik asit, cildin nemli ve esnek kalmasina yardimer olarak
cildin elastikiyetini destekleyen dogal bir polimerdir. Hyaluronik
asit iceren serum, yari kat ve enjektabl formiilasyonlar ticari olarak
bulunmaktadsr. Bu ¢alismada, hyaluronik asit iceren serum tipi
Jformiilasyonlar  hazirlanmistrr.  Hazirlanan — formiilasyonlardan
%1 hyaluronik asit iceren formiilasyon sonug formiilasyon olarak
segilerek, stabilite testeri, korucuyu etkinlik testleri (ISO 11930) ve
in vivo alerjik irritasyon testleri yapilmsnr. Sonug formiisyonun pH s
5.5 olarak ayarlanmstir. Pseudomonas aeruginosa, Staphylococcus
aureus, Escherichia coli ve Candida albicans suglarinin kullanildig:
mikrobiyal analiz, sonug  formiilasyonun  kontaminasyon viski
olusturmadiging gostermistir. Ayrica sonug formiilasyonun koruyucu
etkinlik testinde 28 giine kadar antimikrobiyal etkiye sahip oldugunu
kanitlamigtir. 22-70 yas arasi 15 kiside yama seklindeki alerjik
irritasyon testi sonuglarina gore, dencklerde 1 hafia siireyle herhangi
bir alerjik reaksiyon goriilmemistir. 25°C %65 bagil nemde sonug
Jormiilasyonun fizikokimyasal ozelliklerinde bir degisiklik olmamagtir.
Sonug olarak hyaluronik asit serum formiilasyonu cildi nemlendirmede
giivenle kullanilabilecek bir iiriin olarak degerlendirilmistir.

Anabtar Kelimeler: Hyaluronik asit, cilt nemlendirici, serum
tipi formiilasyon, in vivo alerji testi, kozmetik iiriin
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INTRODUCTION

Loss of epidermal polarity by chronic sun
exposure, keratinocyte atypia, and reduction of
collagen are the main reasons for skin aging (Lee,
2015). Crow’s feet wrinkles are associated with skin
aging. One of the reasons for the appearance of them
is the reduction in the epidermal content of hyaluronic
acid (Y. J. Lee, 2019). Hyaluronic acid (HA) is a
natural polysaccharide that is a primary component
of the extracellular matrix of human tissues and the
endogenous component of human skin. It has a vital
water-binding capacity (6 L water in 1 g) (Jegasothy,
2014). It is used the overcome skin wrinkles, provide
skin elasticity and moisture (Choi, 2017). Because
of the
immunogenicity,

biocompatibility, biodegradability, non-

and viscoelasticity —properties
of HA, it is ideal to use in cosmetic, medical, or
pharmaceutical purposes, especially to fabricate
injectable fillers (Brown and Jones 2005; J. S. Lee,
2019). HA is commercially produced by synovial
fluid, umbilical cord, or skin of the animals, from
rooster comb, or bacteria by fermentation or isolation

(Brown and Jones, 2005).

There are various forms of HA such as hydrogels,
scaffolds, creams, films, foams, gels, serum, lotion,
implants, etc. (Bukhari, 2018). The general approach
to delivering HA through the skin is the injection of
HA filler; however, this method is invasive, painful,
and usually have side effects (J. S. Lee, 2019).
Therefore, it may be the more promising approach to
deliver HA into the skin with serum type formulation
to provide skin moisture. However, because the HA
has a hydrophilic characteristic, the lipophilic stratum
corneum roles as a natural barrier against HA.
Nevertheless, HA in serum or cream formulations
plays a transitory water holding and smoothing effect
on the skin (Wu, 2020).

HA formulations can be classified as low molecular
weight (500-1000 kDa), medium molecular weight
(1200-4500kDa), and high molecular weight (6000-
7000 kDa) (Iturriaga, 2021). The water absorption
capacity and skin moisturizing properties of HA
depend on the molecular weight of HA. The higher
molecular weight provides a more robust water

272

absorption capacity and also has more resistance for
degradation by hyaluronidase (Jang, 2020). However,
HA with low molecular weight (20-300 kDa) passes
more effectively through the skin in comparison
with high molecular weight HA (1000-1400 kDa)
(Essendoubi, 2016).

The primary purpose of this study is to develop
low molecular weight (400 kDa) HA serum for
topical application. Viscosity, surface tension,
and pH measurements were evaluated as in vitro
characterization studies. Physical and microbiological
stability tests and protective efficacy tests were carried
out. In vivo allergic irritation test was performed with

15 subjects regarding patch-shaped irritation test.

According to the Cosmetics Regulation, the final
product was declared by the Republic of Turkey
Ministry of Health has been commercially launched
by Fiber Farma Drug and Cosmetics Co. with the

brand of ResCare® Hyaluronic Acid Serum since 2017.
MATERIALS AND METHODS
Materials

HA (Mw. 400 kDa) was purchased from Kadioglu
Medical Ltd. (Ankara, Turkey). 2-Phenoxyethanol
and lactic acid were purchased from Tekkim (Istanbul,

Turkey). All other chemicals were of analytical grade.
Preparation of serum formulations

HA has a gelling property related to its molecular
weight. Therefore, three different concentrations
(0.5, 1, and 2 %) of HA were selected for preparing
serum formulations. HA was added to purified
water and mixed until completely dissolved at room
temperature. Then, 1% of 2-phenoxyethanol was
added and mixed. Finally, the pH of the solution was
adjusted to 5.5 with lactic acid.

Viscosity and surface tension measurements

The viscosity of serum formulations was measured
with a cone-plate rheometer (Brookfield Rheometer
DV-III) using a CP-52 spindle at room temperature.
Shear rate (1/s) -viscosity (cP.s) curves were evaluated

in terms of viscosity measurements.
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Surface tension is a critical value for cosmetic
products. Therefore, surface tension values of
formulations were analyzed using an optical
tensiometer (ThetaLite Optical Tensiometer). The
pendant drop method was used with 10 pL of sample

solution (Ozden and Avci, 2017).
Protective efficacy tests (Challenge tests)

The protective effectiveness of 2-phenoxyethanol
was evaluated with standard challenge tests
(ISO 11930). For this purpose, five different
microorganisms (Pseudomonas aeruginosa (ATCC
9027), Escherichia coli (ATCC 8739), Staphylococcus
aureus (ATCC 6538), Candida albicans (ATCC
10231), Aspergillus niger (ATCC 16404)) were used.
The final serum formulation was held at room
temperature and evaluated on the 7th, 14th, and
28th days after inoculation. At each time point,
colonies were counted, and the log reduction of each
microorganism was calculated.

Stability tests

The physical stability test of the final serum
formulation was made at 25°C 65% relative humidity
(RH) for six months. The appearance, weight variation,
and pH values of test samples were determined at 30-
day intervals.

In vivo allergy testing

In vivo allergy tests were conducted according

Before

During

to the Regulation of the European Parliament and
Council Regulation (EC) No 1223/2009 of November
30, 2009; Cosmetics Europe- The Personal Care
Association Guidelines, Product test Guidelines for
the Assessment of Human Skin Compatibility 1997;
and WMA Declaration of Helsinki — Ethical Principles
for Medical Research Involving Human Subjects.
Dermatological tests were performed following the
COLIPA Guidelines for the Assessment of Human
Skin Compatibility. The patch test was performed at
Skin Lab International, Cracow, Poland, with a test
number of 20/12/17/D/7. Fifteen women aged 22 -
70 years were selected for the dermatological tests
of the product. All of the patch samples selected for
testing met the requirements for inclusion in the
study, signed an agreement to participate in the study,
and were informed about the study’s purpose, how it
is carried out, and the possible side effects. The test
was conducted using the Jodassohn-Bloch model
(Lachapelle and Maibach, 2009) by the International
Contact Dermatitis Research Group (ICDRG). Patch
testing was made with standard IQ chambers. A
small drop of serum formulation was applied to the
patients’ forearm for 48 hours and then removed
(Figure 2). After 30 min, 72 h, 96 h, and one-week
readings were recorded and evaluated according to a
graphic scale consistent with the generally accepted

clinical dermatological scale.

Adfter

Figure 1. Application of test HA gel formulations to human skin
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Statistical analysis

Statistical differences for viscosity and surface
tension were analyzed with one- way ANOVA test
following Tukey HSD post-hoc test using GraphPad
Prism Version 8. Results were expressed as the mean
+ standard deviation, and evaluation was carried out

with a significance level of 0.05.
RESULTS AND DISCUSSION
Preparation of HA serum

HA serum formulations were prepared by
dissolving different concentrations of HA in distilled
water in the existence of 1% 2-phenoxyethanol as a
stabilizer (Dreno, 2019). A minimum number of
excipients were added to avoid facial skin irritation,
where some fragranced ingredients were reported
to cause allergy or sensitizations (Panico, 2019). A
high concentration of HA in serum allows that the
formulation remains on the skin surface to provide
long-acting skin moisturization. In this way, topical
HA helps skin regeneration and shows the anti-
wrinkle effect (Choi, 2017). Similar to this study, the
anti-wrinkle efficacy of HA-based topical cream has
investigated by Poetschke et al., and the researchers
found that daily application of HA cream resulted
in a significant reduction in the depth of wrinkles
improvement of skin

elasticity and tightness

1200
1000
800

600

Viscosity (cP.s)

400

200

0 L ] ' [ [ ] L ]

(Poetschke, 2016). Jegasothy et al. applied topical
lotion, serum, and cream of HA for 8-weeks to 33
women and found a significant effect on improving
moisturizing, skin elasticity, and skin roughness
(Jegasothy, 2014).

Viscosity and surface tension measurements

Viscosity is a critical parameter for topical
formulations (Karakucuk, 2021). Topical solutions
with low viscosity have faster clearance than viscous
solutions. In addition, highly viscous solutions can
have an undesirable effect on the skin. In terms of
penetration, solutions with lower viscosity should
penetrate better than a thicker control serum (Surini,
2018). The viscosity of solutions affected directly by
polymer concentration and molecular weight of the
polymer. In this study, HA with 400 kDa, which could
be classified as intermediate, was used. Although
solutions with 2% HA showed shear thinning behavior,
solutions with 1% and 0.5 % concentration showed
Newtonian flow (Figure 2). When the concentration
of HA increased from 0.5 to 1 and 2 %, the viscosity
solution increased significantly four times and 20
times at 50 rpm (p<0.05). A similar result can be
seen in the literature. Budiasih et al., prepared argan
oil containing serum formulations with 214-351 pa
(Budiasih, 2018).

©0.50%
1%
2%

0 50 100

150 200 250

Shearrate (1/s)

Figure 2. Shear rate - viscosity curve of HA gel serum formulations

274



FABAD ]. Pharm. Sci., 46, 3, 271-278, 2021

The surface tension of formulation can play a
critical role in wetting the skin surface. The surface
tension of 1% HA containing solution was 67.35 + 0.12
mN/m, and it was a significantly higher value than
0.5% HA serum which had a surface tension of 66.83
+0.15 mN/m (p<0.05). Increasing HA concentration
to 2% decreased the surface tension significantly
to 63.88 + 0.33 mN/m (p<0.05). Although cleaning
cosmetic products have very low surface tension
values, cosmetic products for hydration should not
have low surface tension values. The main effect
that provides moistening is related to the material’s
structure rather than the surface tension. HA can
create hydration film on the skin to moisturize the
stratum corneum (Xie, J. 2018). The surface tension of
solutions could be decreased with surfactant addition.
However, surfactants have skin irritation in cosmetic
products according to the amounts (Seweryn, A.
2018).

Protective efficacy tests (Challenge tests)

For cosmetic products, at least one preservative

agent should be added to the formulation. Preservative

on consumer health. In addition, microorganisms can
affect the product quality after opening the product.
Therefore, the effectiveness of protective agents should
be performed with challenge tests. For this purpose,
cosmetic challenge test standards are based on five
different microorganisms. Products without water
or alcohol-based products (more than 20%) do not
need this test procedure. Phenoxyethanol is a safe and
commonly used preservative for cosmetic products.
This preservative can be used between 0.1 to 1 %
concentrations (Dreno, 2019). An essential advantage
of Phenoxyethanol is that it does not change the
appearance and smell of the formulations. However,
the possibility of skin irritation is a disadvantage
(Farage 2019). In this study, phenoxyethanol was
added to formulations at a 1% concentration. It was
shown that this concentration successfully protected
the product from selected bacteria and fungus in Table
1. Phenoxyethanol provided more than 5 log and 4
log reduction towards bacteria and fungi, respectively,
for 28 days. It was shown that phenoxyethanol has an

efficient bactericidal and fungicidal effect in the final

N ) product.
agents have a critical effect on product quality and also
Table 1. Challenge tests result for 2-Phenoxyethanol
Microorganism Inoculation (CFU) Number of CFU/g Log reduction
Day 0 Day 7 Day 14 Day 28 Day 7 Day 14 Day 28
P. aeruginosa 2.7x107 2.7x107 <10 <10 <10 5.18 5.18 5.18
E. coli 2.3x107 2.3x107 <10 <10 <10 5.18 5.18 5.18
S. aureus 2.5x107 2.5x107 <10 <10 <10 5.48 5.48 5.48
C. albicans 2.2x10° 2.2x10° <10 <10 <10 4.48 4.48 4.48
A. niger 3.0x10° 3.0x10° <10 <10 <10 4.48 4.48 4.48
Stability tests was found stable at 5.5 during the test period. At the

Physical stability tests of the final product
were made at 25°C, 65% RH. Final products were
determined as transparent, colorless and no color
change was observed during storage time. The
samples showed the same results as the first weighing
(approximately 12 g + 0.1) at the end of the study, and

no weight variation was observed. The pH of solutions

end of the study, microbiological and physical stability

were protected.
In vivo allergy testing

Patch testing for in vivo allergy is the gold standard
to identify skin compatibility for cosmetic products

and cause allergic contact dermatitis and diagnose
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a delayed type of hypersensitivity (Kasemsarn and  serum formulations, and the results were evaluated
Boonchai 2012). Patch testing allows test substance  according to a graphic scale that was consistent with
application on skin surface and causes of reaction the generally accepted clinical dermatological scale.
of the immune system by a characteristic pattern of  Results were evaluated by the recommendations of
erythema and edema develops from 6 h and reaches  the International Contact Dermatitis Research Group
a maximum by 36- 48 h (Friedmann and Ardern- (ICDRG) (Lachapelle and Maibach, 2009) (Table 2).
Jones 2010). Patch testing was performed for HA

Table 2. Identification of the patch test reactions

Record Diagnosis Interpretation
- Negative reaction No skin lesions
? Doubtful reaction Faint erythema only
+ Weak positive reaction Palpable erythema, infiltration, possibly papules
++ Strong positive reaction Erythema, infiltration, papules, vesicles
ot Extreme positive reaction Intense erythema, infiltration, and coa'lescing vesicles, bullous or ulcerative
reaction
IR The irritant reaction of different types Discrete patchy erythema without infiltration.

There were no allergic reactions or hypersensitivity  in the dermis and skin surface. Choi et al., (2017) also
of the formulation on female skin during the study  reported the non-irritant effect of HA-containing
(Table 3). Similarly, Kong et al., (2011) reported that  microneedle patches.

HA-based nanoemulsions did not cause skin irritation

Table 3. The clinical dermatological scale of patch testing on female subjects

No Identification number Sex (Female - F) Age Test result
48h 72h 96 h One week

1 20/12/17/D/7-1 F 22 ) ) ) )
2 20/12/17/D/7-2 F 24 ) ) ) )
3 20/12/17/D/7-3 F 23 ) ) ) )
4 20/12/17/D/7-4 F 62 ) ) ) )
5 20/12/17/D/7-5 F 70 ) ) ) )
6 20/12/17/D/7-6 F 27 ) ) ) )
7 20/12/17/D/7-7 F 44 ) ) ) )
8 20/12/17/D/7-8 F 26 ) ) ) )
9 20/12/17/D/7-9 F 23 ) ) ) )
10 20/12/17/D/7-10 F 23 ) ) ) )
11 20/12/17/D/7-11 F 61 ) ) ) )
12 20/12/17/D/7-12 F 49 ) ) ) )
13 20/12/17/D/7-13 F 23 ) ) ) )
14 20/12/17/D/7-14 F 24 ) ) ) )
15 20/12/17/D/7-15 F 48 ) ) ) )
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CONCLUSION

HA isone of the most successful cosmeticingredients
using in anti-aging products because of its compatibility
with skin and capacity for hydration. HA serum
formulations were prepared for a topical application
to provide skin moisture in this study. The in vitro
characterization studies showed that the formulation is
smooth and easy for application, increasing consumers’
compliance. The final formulation stayed physically and
microbiologically stable during the storage time. Patch
testing was performed to evaluate any skin reactions
of the products, and there were no adverse effects such
as hypersensitivity or erythema. The benefits of using
HA and the safety of the final formulation promise
that the product, which is available commercially as a
cosmetic product in Turkey, can be safely used as skin
moisturizing.
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Association Between TP53 Gene Polymorphism and Obesity
SUMMARY

Obesity is a chronic disorder with increasing prevalence worldwide
and occurs when energy intake is greater than energy expenditure.
Obesity is one of the factors that cause oxidative stress and arises from
an imbalance between the reactive oxygen species (ROS) and the cell’s
antioxidant defense system. Increasing ROS in obesity, influencing
the hypothalamic neurons, affects hunger and satiety control,
so correspondingly on body weight control. When ROS amount
increases, through DNA, protein and lipid oxidation, cell damage,
necrosis, and apoptosis take place. Tumor protein p53, the guardian
of the genome, is responsible for the regulation of genes involved in
apoptosis as well as energy generating metabolic pathways. In our
study, we investigated the TP53 (Arg72Pro) polymorphism in 151
patients diagnosed with obesity. TP53 mutation (rs1042522) was
determined by real-time PCR. In 8 patients, the TP53 mutation was
identified as carrying heterozygous (Arg72Pro) and in 143 patients
carrying homozygous (wild type) (Arg72Arg). No individual with a
homozygous mutant (Pro72Pro) genotype was found in the studied
group. Associations between TP53 genotypes and clinical obesity
parameters such as body mass index, thyroid stimulating hormon,
glucose, postprandial blood sugar, triglyceride and cholesterol levels
were compared statistically. According to the results of statistical
analysis, it was observed that TP53 polymorphism was associated
with insulin level. Genotype frequencies were also compared with
previous studies performed in control populations and found to be
different. This study shows that there may be a relationship between
TP53(Arg72Pro) polymorphism and obesity.

Key Words: Obesity, Oxidative stress, TP53, Polymorphism.

TP53 Gen Polimorfizmi ve Obezite Arasindaki Iliski
0z

Obezite, alinan enerjinin, harcanan enerjiden fazla olmasindan
kaynatklanan, tim diinyada prevalanst endise verici sekilde artan
kronik bir hastaliknrr. Obeziteye neden olan  etkenlerden biri
olan oksidatif stres, reaktif oksijen tiirleri (ROT) ile hiicrenin
antioksidan savunma sistemi arasindaki dengesizlikten ortaya
ctkar. Obezitede artss gosteren ROT lar hipotalamik néronlar
sizerinde etkili olarak, aclik ve toklugun kontroliinde ve buna
bagly olarak viicur agirliginin kontroliinde etkili olurlar. ROT
arttzginda, DNA, protein ve lipitlerin oksidasyonu yoluyla hiicre
zedelenmesi, nekroz ve apopitoz olusur. Genomun  koruwyucusu
olan tiimor proteini p53, enerji iireten metabolik yollarn yan:
stra apoptrozda yer alan genlerin diizenlenmesinden sorumludur.
Calismamizda obezite tanisi almis 151 hastada TP53 (Arg72Pro)
polimorfizmi arastirildr. TP53 mutasyonu (rs1042522), gercek
zamanly PCR ile belirlendi. 8 hastada TP53 mutasyonu heterozigot
tasryan (Arg72Pro) ve 143 hastada homozigot taszyan (yabanil tip)
(Arg72Arg) olarak tanimlands. Calisilan grupta homozigor mutant
(Pro72Pro) genotipine sabip birey bulunamads. TP53 genotipleri
ile viicut kitle indeksi, tiroit stimiile edici hormon, glukoz, tokluk
kan sekeri, trigliserit ve kolesterol diizeyleri gibi klinik obezite
parametreleri arasindaki iligkiler istatistiksel olarak karsilastirilds.
Istatistiksel analiz sonuglarina give TP53 polimorfizminin insiilin
diizeyi ile iliskili oldugu gozlendi. Ayrica genotip frekanslar: kontrol
popiilasyonlarinda gerceklestirilen onceki caligmalarla karsilastirilds
ve farkls oldugu bulundu. Bu caligma, TP53 (Arg72Pro)

polimorfizmi ile obezite arasinda iliski olabilecegini gostermekredir.

Anabhtar Kelimeler: Obezite, Oksidatif stres, TP53, Polimorfizm.
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INTRODUCTION

The prevalence and incidence of obesity, a public
health problem that has gained importance recently,
increases day by day. Obesity badly affects life ex-
pectancy (Mensah, 2004). Obesity both reduces the
quality of life and shortens its duration. Because of
that, diet, exercise and medical treatments have been
applied, and the lack of success has become the fo-
cus of researches on hormones, mediators and genes
that may be the source of surgical interventions
(Bertakis&Azari, 2005). Obesity is accepted as an
increasing disease in the world and in our country,
which occurs as a result of the interaction of genetic
and environmental factors. Obesity is the result of the
body’s fat mass to lean mass, and the body weight is
higher than the expected level according to the height
fit. Body Mass Index (BMI) is classified as 25-29,9 kg/
m? overweight, 30-34,9 kg/m?* obese, over morbidity
obesity according to the World Health Organization
(WHO) (Aydemir, 2006). BMI can be easily calculat-
ed by dividing body weight in kilograms by the square
of the neck in meters (Body weight / height?) and its
unit is kg / m? BMI can be easily calculated by di-
viding body weight in kilograms by the square of the
neck in meters (Body weight/height?) and its unit is
kg/m?. Obesity is increasingly becoming an epidemic
problem. The MONICA study carried out by WHO
in 6 different regions of Asia, Africa and Europe and
lasting for 12 years, it was reported that an increase
in the prevalence of obesity between 10 and 30% in
10 years (Silventoinen, 2004). According to WHO, it
is estimated that there are over 1.9 billion overweight
and 650 million obese adults worldwide in 2016. The
risk of cardiometabolic disease increases significant-
ly in obese and overweight patients. Obesity, even
if carbohydrate metabolism is normal, endothelial
dysfunction, dyslipidemia, hypertension (HT) and
vascular inflammation may develop due to insulin
resistance and increased adipokines. All these patho-
genetic changes contribute to the development of
atherosclerosis. The atherosclerotic process becomes

more severe and accelerated with the decline of car-

280

bohydrate metabolism. The frequency of cardiometa-
bolic diseases and other systemic problems increases
in proportion to the severity and duration of obesity.
These accompanying diseases with obesity increase
the risk of developing complications and causes some
difficulties in the process of regulation of treatment
(Artham, 2009). The International Cancer Research
Agency announced the relationship between obesity
and many types of cancer in 2002. Particularly note-
worthy cancers are colon, postmenopausal breast, en-
dometrial, kidney and esophageal cancers. A cohort
study containing 900,000 cases in the USA showed
the contribution of obesity to 11% in postmenopausal
colon cancer, 9% in breast cancer, 39% in endometrial
cancer, 25% in kidney cancer, and 37% in esophageal
cancer. It has also been shown that the risk of cancer
increases as the degree of obesity increases (Calle et
al, 2004; Birmingham, 2009). The mechanism of the
relationship associated with obesity is multifactorial.
Increasing insulin activates the IGF-1 pathway, caus-
ing an increase in cancer cells. Also, adipocytokines
are thought to play a role in the mechanism. Colon,
prostate and breast cancer leptin levels positive with
endometrial, breast, colon and prostate because there
is a negative correlation between cancer. Also, those
associated with obesity are hypoxia, genetic predis-
position and increased inflammation are also accused
factors in the obesity-cancer relationship. Obese cas-
es should be followed up in terms of cancer risk be-
sides metabolic diseases and they should be support-
ed about this issue (Hursting, 2010; Basen-Engquist,
2011).

Although oxygen is essential for human life, it is
produced during normal metabolism. Some types of
reactive oxygen have the potential to intense harm
to the body (Diplock, 1998). Reactive oxygen spe-
cies (ROS), mostly formed by free radicals, with nor-
mal oxygen molecules are oxygen forms with higher
chemical reactivity (Nawar, 1996). It is well known
that ROS increases obesity. ROS act on hypothalam-
ic neurons effective in controlling hunger and sati-

ety and, consequently, body weight. The increase of
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ROS also causes cell damage, necrosis and apoptosis
through the oxidation of DNA, proteins and lipids
(Buyukuslu & Yigitbasi, 2015). The unpaired electrons
in free radicals give them huge reactivity that dam-
age protein, lipid, DNA and nucleotides. This harm
promotes aging to these components of the body and
causes degenerative diseases such as, cardiovascular
diseases, various types of cancers, cataracts, weakened
immunity and nervous system disorders. (Diplock,
1998). Oxygen metabolism in living cells, environ-
mental pollutants, various factors such as radiation,
pesticides, various medical treatments, and contami-
nated waters are inevitably led to the formation of free
radicals: single oxygen (O,), superoxide anion (O,),
hydroxy (OH), peroxy (ROO) and alkoxy (RO) rad-
icals (Kaur&Kapoor, 2001). Different natural defense
systems in the body keep free radicals under control
against the damages of reactive oxygen species. These
systems are found in different cells and prevent oxi-
dation caused by free radicals. The substances having
the ability to capture and stabilize free radicals are so-
called “antioxidants” (Nawar, 1996; Diplock, 1998).
Enzymes such as superoxide dismutase (SOD), glu-
tathione peroxidase (GSHPx) and catalase, vitamins
such as vitamin C and vitamin E, and compounds
such as uric acid, bilirubin and polyphenols are well
known antioxidants and generally responsible for
limiting free radicals damaging cellular components
such as DNA, proteins and lipids (Diplock, 1998; El-
liot, 1999; Ou, 2002). Oxidative DNA damage is im-
portant in the pathogenesis of many diseases, espe-
cially carcinogenesis. It is known to play a role. High
reactivity having hydroxyl radicals on oxidative stress
and intracellular structures as in lipids and proteins
as it is said, H atom to double bonds in DNA bases
by adding or from the C-H bonds of 2-deoxyribose
and H atom from methyl groups in thymine struc-
ture it reacts with the DNA molecule (Breen, 1995).
The thymine peroxyl radicals formed are reduced and
oxidation products such as hydroxy hydroperoxides,
thymine glycol, 5-hydroxy methyl uracil, 5-formyl
uracil and 5-hydroxy 5-methyl hydantoin. Hydroxyl
radicals (OH-) interact at the 8th position in the gua-

nine molecule, leading to oxidation. Undergoing as a
result of oxidative damage of DNA, 8-hydroxy-2’-de-
oxyguanosine (8-OHdG) has formed. Besides, Cu*?
ions have a high affinity for DNA, especially connect-
ed guanine bases. By interacting with H, and O, they
contribute to DNA damage. DNA adduct 8-OHdG is
the most known marker of oxidative DNA damage.
(Helbock, 1999). Oxidative stress occurs as a result of
the disruption between the formation of ROS and the
inactivation of these products by the antioxidant de-
fense system. Adipose tissue is one of the main sourc-
es for the formation of ROS, and fat accumulation is
closely related to increased oxidative stress through
NADPH oxidase activation.

P53 is a transcription factor that regulates the cell
cycle (Ngo et al. 2010). A central role in the p53 cell
cycle is an important tumor suppressor that plays, it
acts as a transcription factor. DNA damage, hypoxia,
oxidative stress, oncogene cellular activation, such as
telomere erosion after the stress signals p53 is activat-
ed. TP53 targets genes in cellular aging, angiogenesis
and it also plays a role in autophagy (Vousden, 2009;
Bieging, 2014). P53 is a powerful tumor suppressor.
P53 protein in more than 50% of cancers inactivated
due to TP53 gene mutation state. TP53 gene mutation
its prevalence is different in various cancers (Leroy,
2014). P53 is shown to be responsible for poor prog-
nosis in most studies (Sheikh, 2003). The TP53 gene
encoding p53 localized in chromosome 17p13.1 is the
most common target of genetic change in human tu-
mors. A little over 50% of tumors carry a mutation in
this gene. Almost every cancer, including lung, colon,
and breast carcinomas, which are the three leading
causes of cancer-related deaths, have a homozygous
loss in TP53 gene activity (Baselga & Norton, 2002).
Physiological p53 protein has a role in stopping the
cell cycle due to DNA damage and apoptosis, and mu-
tation in the TP53 gene is the most common single
gene mutation in human cancers (Cross et al. 1995).
Publications are reporting that the presence of mu-
tant p53 protein is associated with poor prognosis in

many cancers such as lung, breast, prostate and blad-
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der cancers (Quinlan et al. 1992; Moul, 1999). It is
known that p53, which plays a suppressor role, has an
important role in preventing cancer formation mech-

anisms (Oguztuzun, 2016).

Obesity accompanying morbidities decreases
lifetime and quality. In the USA, 11869 nurses were
followed up for 13 years, and an increase in cardio-
vascular and cancer-related deaths was detected in the
fatter group. Overweight women, even within normal
limits, have a higher risk of coronary heart disease
than those who are not overweight (Kopelman &
Stock, 2000). In 8800 men who have been followed
up for twenty-six years, the mortality rate due to all
causes was 2 times higher in obese and 3.3 times high-
er due to coronary heart disease (Kirim S., 2005). In
a prospective research study in nine hundred thou-
sand men and women who examined cancer-related
deaths during the 16-year follow-up period, a positive
correlation was found between overweight and mor-
tality due to many types of cancer (Calle et al. 2003).
Although it is known that genetic factors are effective
in both disorders, the information obtained through
intense studies to date still cannot fully explain their

genetic basis.

Therefore, in this study it is aimed to reveal the
polymorphic condition in the TP53 gene in obese pa-
tients. Besides, it was aimed compare the clinical data
of the patients whose TP53 polymorphic states were
revealed in obesity.

MATERIALS AND METHODS

The study group was consisted of 151 obese patiens
who underwent bariatric surgery in Ankara Kegioren
Training and Research Hospital General Surgery Ser-
vice in 2017. Ethics committee approval of this study
was provided by the decision of the Ethics Committee
of Kegioren Education and Research Hospital with
the decision numbered 2012-KAEK-15/1160.

Blood samples were collected from patients par-
ticipating in the study after their informed consents.

The diagnosis, all information available for the opera-
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tion of obesity, and appropriateness of the blood sam-
ples collected were made at the same hospital service.
The patients consisted of 23 men and 128 women. The
average age of the patients was 39, the average BMI of
the patients was 46.5 kg/m2, the average of the TSH
levels was 2.5, the average of the insulin levels was
19.5, the average of glucose levels in the blood was
111, the average of postprandial blood sugar levels
was 137.6, the mean of triglycerides was 176, and the

cholesterol level averages was 215.6.

DNA isolation from blood samples collected was
performed by adhering to the PROMEGA' blood DNA
isolation kit protocol. TP53 genetoyping was performed
by real time PCR LightCycler® 480 device. Primers and
probes specified in the method of Talseth et al. (2006)
were used to determine the genetic polymorphism
(rs1042522) in the TP53 gene (Arg72Pro) encoding
the p53 protein. Sequences of primers and probes are
shown in Table 1. In order to confirm the efficiency of
the primers used in the study and the base size of the
studied gene region, the primers were controlled by a
1.5% electrophoresis gel study after conventional PCR.
Base sizes were compared for TP53 using the Nation-
al Center for Biotechnology Informations (NCBI) in-
ternational database. During the real time PCR stage,
the testing phase of the study was carried out by using
FastStart Essential DNA Probes Master (06402682001),
Lightcycler 480 Multiwell Plate 96 (04729692001) and
Lightsnip TP53 probe (07330782001) (Roche Applied
Science). Compopnents used in the PCR stage are as
follows; 12.5uL from 2x OneTaq Quick LoadMas-
ter Mix solution, 1pL from Forward primer (10pM),
1uL from Reverse primer (10pM), 2.5uL from cDNA
(50ng/uL), 2.5uL probe, and DNAse/RNAse free wa-
ter calculated for in a 25 pL total volume. PCR condi-
tions were performed as follows; Initial Denaturation
is 5 minutes at 95°C, 50 cycles of denaturation at 95°C
for 10 seconds, Annealing at 58°C for 20 seconds and
Extension at 72°C for 20 seconds. 1 cycle, 5 seconds at
Acquisition 95°C and 1 minute at 55°C. 10 seconds at
Final Extension 40°C.



FABAD ]. Pharm. Sci., 46, 3, 279-288, 2021

Table 1. Primers and fluorescent probes used in the study.

Primer/Probe

Sequence

Forward primer
Reverse primer

Wildtype probe
Mutant probe

5-CCAGATGAAGCTCCCAGAATGC-3
5-GCCGCCGGTGTAGGA-3
5-VIC-TCCCCGCGTGGCC-3
5-FAM-CTCCCCCCGTGGCC-3

The definition of TP53 R72P polymorphism using
the allelic discrimination method was as follows; Sam-
ples with a peak at 58°C were interpreted as wild type
(G/G) and samples with a peak at 66°C were interpret-
ed as mutant type (C/C). Samples with both degrees

of the peak in each same sample were evaluated as
(G/C) Heterozygous. One representative sample from
each of the three genotypes was included as the reac-

tion control for each “PCR run” as an internal control.
(Figure 1).
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Figure 1. Allelic discrimination of TP53 (Arg72Pro) polymorphism.

Identification of TP53 (Arg72Pro) polymorphism
by allelic discrimination Overview of a PCR reaction
performed using the method. (A): General view of
Wild Type (Arg/Arg) samples peaking at 58°C. (B):
View of Mutant (Pro/Pro) internal control with a peak
at 66°C. (A&B): General view of Heterozygous (Arg/
Pro) samples with a peak at both degrees.

Clinical data of patients from whom samples were
obtained were also compared with cross statistical
data and interpreted by comparing their significance
with real time PCR data. Statistical Package for the
Social Sciences (SPSS) package software ANOVA
analysis were used to compare the clinical data of the

patients with the cross-data of the results.

RESULTS AND DISCUSSION

In our study, TP53 genetic polymorphism in pa-
tients diagnosed with obesity were investigated and
their relationship to the disease was interpreted. Gen-
otype distributions of 151 obese patients were deter-
mined as TP53 mutation carrying heterozygous (Arg-
72Pro) in 8 patients and homozygous (wild type) car-
rying (Arg72Arg) in 143 patients. No individual with a
homozygous mutant (Pro72Pro) genotype was found
in the studied group. The clinical parameters and gen-
otypes of TP53 mutation, heterozygous and homozy-
gous obese patients were compared. As seen in Table
2; after statistical analysis, it is seen that the polymor-

phism in TP53 is related to the insulin parameter. It
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has been observed that the insulin level is higher in
heterozygous individuals than in homozygous indi-
viduals. In obese patients, no statistically significant
relationships were found between BMI, TSH, glucose,
postprandial blood sugar, triglyceride and cholesterol
levels. In obese individuals, significant changes occur
in TP53 polymorphism. While these changes may oc-
cur as an adaptive response, the findings suggest that
the oxidative stress observed in obesity may be one

of the possible mechanisms underlying this change.

Besides, it is supported that TP53 variant genotype
can contribute to insulin changes. Accordingly, the
insulin level made a difference in heterozygous and
homozygous obese individuals. The level of insulin
was higher in heterozygous individuals than in ho-
mozygote individuals. But other parameters were not
related. This result is in line with the study of Bonfigli
et al,, (2013) who found that (Arg72Pro) polymor-
phism was associated with insulin resistance in type

2 diabetic subjects.

Table 2. Correlation between blood parameters and TP53 polymorphisms.

Variance Analysis ANOVA

TP53 Levene Statistic Sig. F Sig.
BMI 0.821 0.366 0.021 0.886
TSH 1.358 0.246 1.753 0.187
Insulin 67.629 0.0001 14.311 0.0001
Glucose 0.334 0.564 0.120 0.730
Blood sugar (postprandial) 0.590 0.444 0.330 0.567
Trigliserid 0.330 0.566 0.004 0.949
Cholesterol 0.147 0.702 0.011 0.916

When we compare the results of our study with
previous studies conducted for (Arg72Pro) polymor-
phism, we observed that there are significant differ-
ences between genotype frequencies of obese indi-
viduals in our study group and genotype frequencies
of healthy individuals in “Caucasian” populations
(Table 3). Although these comparative studies were

studies investigating gastric tissue differentiation, the

control groups were completely composed of healthy
individuals. This finding shows that TP53 (Arg72Pro)
polymorphism might be associated with obesity. Our
findings can also contribute to the definition of the
physiopathology of obesity, and other diseases such as
cardiovascular diseases that may develop due to obe-
sity. It is important in preventing complications and

developing preventive approaches.

Table 3. The distribution of TP53 genotypes in Caucasian control populations and in this study.

Study (Reference) C;Z;.ZZ/ Ethnicity Total n A;g72Arg% ::\rg72P‘2) Pr0n72Pro %
Capella et al. (2008) Europe Caucasian 1056 588 56 399 378 69 6.2
De Feo et al. (2009) Italy Caucasian 295 169 573 102 345 24 8.2

Belyavskaya et al. (2006)  Russia Caucasian 125 60 48 46 368 19 152

Alpizar(‘?olgéz)ar etal ghain Caucasian 47 26 553 17 362 4 85

Zhang et al. (2003) UK Caucasian 277 125 451 129 465 23 8.4

Sul et al. (2006) USA Caucasian 134 51 38.1 61 45.5 22 16.4

Engin et al. (2011) Turkey Caucasian 108 52 481 42 388 14 13.1
This study Turkey Caucasian 151 143 94.7 8 5.2 0 0
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CONCLUSION

In conclusion, regarding the comparative evalu-
ation of the results of the TP53 polymorphism state
obtained in our study with similar studies in the liter-
ature, it has been determined that it may be associated
with obesity, but further studies are needed to verify
this relationship. It was thought that investigating the
association of obesity and TP53 (Arg72Pro) polymor-
phism in different ethnic groups and larger popula-
tions would benefit the emergence of the relationship
with metabolic diseases related with obesity. To our
knowledge, TP53 polymorphism was investigated in
obese patients for the first time in a Turkish popula-
tion. In our study, it is hoped that it will be a reference
for revealing the genetic backgrounds of obesity, clar-
ifying the molecular mechanism of the disease and
developing genetic risk panels for early diagnosis and
making this information available in the management
of treatment.
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Molecular Investigation of Carbapenem and Colistin Resistance
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SUMMARY

Carbapenem-Resistant  Klebsiella  pneumoniae (CRKp) infections are
worrying health problems due to decreasing treatment options. This study
investigates the carbapenemase (OXA-23,24, 48, 51, 55, 58, KPC,
NDM-1, VIM, IMP) and mcr-1 genes of the CRKps isolates A total
of 33 CRKp isolates isolated from patient blood samples from the Dicle
University Medical Faculty Hospital, intensive care units (ICUs) between
February 2020 and June 2020, were included in the study. The presence of
carbapenemase encoding genes -including all CRKp isolates, bla OXA-23,
24, 48, 58, bla KPC, blaNDM-1, bla VIM, bla IMP- were investigated
by multiplex Polymerase Chain Reaction (PCR). CRKp isolates were
tested for mer-1 gene and bla OXA-51, bla OXA-55 genes by monoplex
PCR. All CRKp isolates studied with Kirby Bauer Disc Diffusion Method
(DDM) (100%) were resistant to ertapenem, 9 (27.27%) resistant to
imipenem, and 23 (69.70%) were resistant to meropenem. 20 (60.61%)
of the isolates were found resistant to colistin. bla OXA-48, bla NDM-1
and bla OXA-24 genes were found in 75.76% (n = 25), 6.06% (n =
2) and 3.03% (n = 1) isolates, respectively. Both bla OXA-48 and bla
NDM-1 genes were detected in two (6.06%) isolates and mer-1 gene in
16 (48.48%) isolates. While the mean hospitalization was 20.3 days in
13 patients with a colistin minimum inbibitory concentration (MIC) of 2
pgiml, it was 33.9 days in 20 patients with a colistin MIC of > 2 ug/ml.
The average length of stay in the hospital was 21.8 days in mer-1 negative
patients and 35.7 days in mer-1 positive patients. Carbapenemase and
mer-1 positivities were found at dramatically high rates in Diyarbakir,
Turkey. It was indicated that plasmid-mediated antimicrobial resistance
in Kp isolates was problematic. Each hospital should monitor the colistin
and carbapenem resistance mechanisms by molecular methods. Colistin

resistance should be confirmed by the broth microdilution method (BMD).

Key Words: Klebsiella pnewmoniae, carbapenemase, bla OXA-48,
mer-1, multiplex PCR, broth microdilution.

Klebsiells Pneumoniae Kan Izolatlarinda Karbapenem ve
Kolistin Direng Mekanizmalarinin Molekiiler Olarak Incelenmesi

0z

Karbapenem Direngli Klebsiella pneumoniae (KDKp) enfeksiyonlar:
azalan  tedavi  secenekleri  nedeniyle endige verici saghk  sorunlar:
olusturmaktadsr. Bu ¢alymada, KDKp izolatlarinin  karbapenemaz
(OXA-23,24, 48, 51, 55, 58, KPC, NDM-1, VIM, IMP) ve mcr-1
genleri arastiridmaktadsr. Dicle Universitesi Tip Fakiiltesi Hastanesi
yogun bakim iinitelerinden (YBU) Subat 2020 ile Haziran 2020
taribleri arasinda aliman hasta kan Grneklerinden izole edilen toplam 33
KDKp izolats caligmaya dabil edildi. Tim KDKp izolatlars, bla OXA-23,
24, 48, 58, bla KPC, blaNDM-1, bla VIM, bla IMP dahil olmak iizere
karbapenemaz kodlayan genlerin varliys multipleks Polimeraz Zincir
Reaksiyonu (PZR) ile aragtirilds. KDKp izolatlars monoplex PZR ile mer-
1 geni ve bla OXA-51, bla OXA-55 genleri i¢in test edildi. Kirby Baner
Disk Difiizyon Test (DDT) (%100) ile ¢abisilan tiim KDKp izolatlar:
ertapeneme  direngliydi; 9'u (%2.27) imipeneme, 23% (%69.70)
meropeneme direngliydi. Izolatlarin 20% (%60,61) kolistine direngli
bulundu. bla OXA-48, bla NDM-1 ve bla OXA-24 genleri siraswyla
%75.76 (n=25), %6.06 (n=2) ve %3.03 (n=1) izolatinda bulundu.
Iki (%6.06) izolatta hem bla OXA-48 hem de bla NDM-1 genlers, 16
(%48,48) izolatta mer-1 geni saptands. Kolistin minimum inbibitir
konsantrasyonu (MIK) degeri 2 pgiml olan 13 hastada ortalama yatis
stiresi 20.3 giin iken, kolistin MIK degeri > 2 pgiml olan 20 hastada
33.9 giindsi. Hastanede ortalama kalsg siiresi mer-1 negatif hastalarda
21.8 giin, mer-1 pozitif hastalarda 35.7 giindisi. Karbapenemaz ve mer-
1 pozitiflikleri Diyarbaksr, Tiirkiyede carpict bicimde yiiksek oranlarda
bulundu. Kp izolatlarinda plazmit aracili antimikrobiyal direncin
sorunlu oldugu belirsildi. Her hastane molekiiler yontemlerle kolistin ve
karbapenem direne mekanizmalarins izlemelidir. Kolistin direnci si
mikrodiliisyon yontemi ile dogrulanmalidsr.

Anabtar Kelimeler: Klebsiella pneumoniae, karbapenemaz, bla
OXA-48, mcr-1, multipleks PZR, sivr mikrodiliisyon.
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INTRODUCTION

Antibiotic resistance of Gram-negative bacte-
ria has become a concern for public health. Patients
with Multi-Drug Resistant (MDR) bacterial infec-
tions have to undergo intravenous treatment in the
hospital, as there are no effective oral medications.
Resistance in empirical antibiotic therapy results in
increased mortality rates, prolonged hospital stay, dif-

ficulty in treatment, and higher costs.

K. pneumoniae is a Gram-negative bacteria be-
longing to the Enterobacterales order. As being a
part of the healthy human microbiome, this microor-
ganism is colonized in the gut and other parts of the
human body. It can cause bloodstream, urinary tract
infections, and severe pneumoniae, especially in crit-
ically ill or immune-compromised patients, neonates,
or patients with risk factors in hospital settings. The
frequency of Extended-spectrum [-lactamase (ES-
BL)-producing K. pneumoniae (Kp) has raised sub-
stantially (Knother, 1983; Pitout, 2006). ESBL-pro-
ducing Kp has been reported as resistant to cephalo-
sporins and various antibiotics, including quinolones
(Mugnaioli, 2006). Therefore, carbapenems have been
proposed for the treatment of ESBL-producing Kp in-
fections. Recently, CRKp increased globally over the
years. CRKp infections pose a significant threat to
human health, as the appropriate treatment options
are limited and the mortality rate is relatively high.
Due to the increase in CRKp outbreaks in hospitals
worldwide, many studies are carried out to reveal the
resistance mechanisms. Two main mechanisms medi-
ate carbapenem resistance. First, CRKp isolates may
produce P-lactamase enzymes along with reduced
cell wall membrane permeability (Leavitt, 2009). The
second mechanism is the synthesis of beta-lactamas-
es which can hydrolyze most beta-lactams, including
carbapenems. According to the Ambler classification,
these carbapenemases are divided into three groups;
class A (K. pneumoniae carbapenemase, KPC), class
B (Metallo-p-lactamases, NDM), and class D (oxaci-
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linases, OX A-48-like) (Pitout, 2015). Under these cir-
cumstances, colistin has become the antibiotic of last

resort for CRKp infections (Perez, 2013).

Colistin (polymyxin E) is a polypeptide antimi-
crobial among polymyxin agents (polymyxin B and
E) (Bergen, 2006). It has been kept as a backup agent
for a long time due to severe nephrotoxicity and neu-
rotoxicity problems, and less toxic antibiotics were
preferred (Beringer, 2001). The alarming increase in
the prevalence of MDR Gram-negative bacteria has
led to the reassessment of colistin as a viable treat-
ment option, especially in critically ill patients. Colis-
tin resistance has been reported worldwide secondary
to the increase in the use of colistin in the treatment
of MDR bacterial infections (Landman, 2008). Previ-
ously, it was known that colistin resistance was coded
by chromosomal genes. However, plasmid-mediated
mobilized colistin resistance (mcr) genes (mcr-1 and
its variants) have been reported to lead to colistin re-
sistance. The original variant mcr-1 can make hori-
zontal transitions among various strains of a bacterial
species. The potential for mcr genes to spread rapid-
ly across strains raises concerns regarding the use of
colistin as a last-resort therapeutic option. Infections
of MDR isolates are frequently encountered in hospi-
talized patients of ICUs. Infections caused by MDR
isolates are frequently encountered, especially in
patients hospitalized in intensive care units. If these
isolates become resistant to colistin, treatment of se-
rious infections such as bacteremia in intensive care
patients will be difficult, mortality will increase, and

outbreaks will occur in the hospital (Ling, 2020).

In this study, we aimed to investigate carbapen-
emase genes responsible for carbapenem resistance
and mcr-1 gene among CRKp isolates. It was also
aimed to determine the MIC values of colistin with
the BMD method, to compare it with the automated
system for ensuring the selection of the appropriate

antimicrobial treatment.
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MATERIAL AND METHODS

A total of 33 non-duplicated CRKp isolates were
included from hospitalized ICU patients in Dicle
University Medical Faculty Hospital between Febru-
ary 2020, and June 2020 were included in the study.
The Non-Interventional Clinical Research Ethics
Committee of Dicle University Faculty of Medicine
approved the study (n0:56/2020).

The identification of bacteria grown in media was
performed using mass spectrometry by Maldi Biotyp-
er version 1.3 (Bruker Daltonics, Germany). Antimi-
crobial susceptibilities of the identified strains were
performed by BD Phoenix 100 (Becton Dickinson,
USA) automated microbiology system with Phoenix
100 NMIC panel.

Isolates resistant to at least one of the carbapenems
(meropenem, imipenem, ertapenem) were confirmed
with DDM. Imipenem (Oxoid, England), meropenem
(Oxoid, England), and ertapenem (Oxoid, UK) discs
with 10 pg content each were used for DDM. The
minimum inhibitory concentration (MIC) values and
the zone diameters were evaluated according to the

Tablel. The properties of primers used in the study

European Committee on Antimicrobial Susceptibility
Testing (EUCAST) criteria (EUCAST, 2019).

The antimicrobial susceptibility of colistin was
performed with the broth microdilution (BMD)
method according to EUCAST. The lowest antimi-
crobial concentration preventing growth was taken as
the MIC value. Accordingly, those with MIC values >
2 mg / L were considered resistant to colistin, while
those 2 mg / L were deemed to be sensitive to colis-
tin. E. coli ATCC 25922, mcr-1 positive E. coli NCTC
13846, and P. aeruginosa ATCC 27853 were used as
quality control strains according to the recommenda-
tions of EUCAST (EUCAST, 2019).

Isolates were stored in Tryptic Soy Broth with 16%
glycerol (Merck, Germany) medium at -20 °C until
molecular study. DNAs of CRKp isolates were ex-
tracted by boiling method. Subsequently, two separate
multiplex PCR were performed for bla OXA-23, 24,
48,58 genes and for bla KPC, bla NDM-1, bla VIM,
bla NDM-1, bla IMP genes. Monoplex PCR was per-
formed for bla OXA-51, bla OXA-55, and mcr-1 gene
(12). Table 1 demonstrates the primers used in this
study (Table 1.) (Arabaci, 2019).

Oligoname Base pairs 5’-3’ Amplicon length (bp)
F: CGGTCAGTCCGTTTGTTC

CLRS R: CTTGGTCGGTCTGTAGGG 305
F:-GATCGGATTGGAGAACCAGA

OXA-23 R: ATTTCTGACCGCATTTCCAT >01
F: GGTTAGTTGGCCCCCTTAAA

OXA-24 RAGTTGAGCGAAAAGGGGATT 246
F: TTGGTGGCATCGATTATCGG

OXA-48 R: GAGCACTTCTTTTGTGATGGC 743
F: TAATGCTTTGATCGGCCTTG

OXA-51 R: TGGATTGCACTTCATCTTGG 353
F: CATCTACCTTTAAAATTCCC

OXA-55 R: AGCTGTTCCTGCTTGAGCAC 975
F: AAGTAT TGGGGCTTGTGCTG

OXA-58 R: CCCCTCTGCGCTCTACATAC 599

D F: CATGGTTTGGTGGTTCTTGT 155
R: ATAATTTGGCGGACTTTGGC

VI F: ATTGGTCTATTTGACCGCGTC 250
R: TGCTACTCAACGACTGAGCG
F: GAGATTGCCGAGCGACTTG

NDM-1 R: CGAATGTCTGGCAGCACACTT 497

. F: ATGTCACTGTATCGCCGTCT w03
R: TTTTCAGAGCCTTACTGCCC
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PCR conditions were as follows; final volume was
25 pl, initial denaturation at 94° C for 4 minutes, a to-
tal of 40 cycles including 94° C for 30 seconds, a final
extension step of 40 seconds at 52° C and 50 seconds
at 72°C, 10 minutes at 72 C. Gel DocTM XR + (Bio
Rad, USA) device was used for imaging. Colistin re-
sistant mcr-1 positive E. coli NTCC 13846, K. pneu-
moniae NCTC 13443 (NDM-1), E. coli NCTC 13476
(IMP), A. baumannii NCTC 13301 (OXA-23) and A.
baumannii ATCC 19606 (OXA-51), A. baumannii
NCTC 13302 (OXA-58), K. pneumoniae NCTC 13442
(OXA-48), K. pneumoniae NCTC 13439 (VIM-1)

strains were used.
RESULTS AND DISCUSSION
Results of the Patients’ Data

Of the 33 CRKp isolates included in the study, 19
(58%) were isolated from females and 14 (42%) from
male patients. The average age of the female patients
was 55.4, while of the male patients was 47.4. All of
the patients were hospitalized in ICUs of the hospital
including 8 (24.24%) chest diseases, 7 (21.21%) inter-
nal medicine, 5 (15.15%) pediatrics, 4 (12.12%) neu-
rology, 3 (9.09%) hematology, 2 (0.06%) cardiology, 2
(0.06%) anesthesia and reanimation, 1 (0.03%) emer-

gency and 1 (0.03%) gastroenterology departments.

According to the BMD, the mean hospitalization
duration in 13 patients with 2 pg / ml colistin MIC
value was 20.3 days, in 20 patients with > 2 pg / ml
colistin MIC was 33.9 days. The mean hospitalization
period of 8 patients with 32 pug / ml MIC values was
37.63 days; 6 patients with a MIC value of 64 pg / ml
was 34.2 days. The average length of stay in the hospi-
tal was 21.8 days in mcr-1 negative patients; 35.7 days
in mcr-1 positive patients. Nine (27.3%) patients died
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while they were hospitalized, and all of the isolates
of these patients were resistant to colistin by BMD.
In addition, 5 of the deceased patients had a colistin
MIC of 64 ug/ml, 2 of them 32 pg/ml, 1 of them 16 pg/
ml and 1 of them 4 pg/ml. Of these 9 patients, 7 were
mcr-1 positive. The mortality rate was 43.75% (n=7)
in mcr-1 positives (n=16) and 11.8% (n=2) in mcr-1
negatives (n=17). While the mortality rate of colis-
tin-resistant patients (>2 pg/ml) according to BMD
was 45% (n=9), no death was detected in susceptible

patients.
Results of Antimicrobial Susceptibility Methods

The antibiotic susceptibility testing results by au-

tomated system and disk diffusion test:

piperacillin-tazobactam 93.94% (n=31) R (resis-
tant), 6.06% (n=2) S (sensitive); amikacin % 69.70
(n =23) R, 30.30% (n = 10) S; gentamicin 66.67% (n
=22) R, 33.33% (n = 11) S; ciprofloxacin 84.85% (n
=28) R, 15.15% (n = 5) S; ceftazidime 90.91% R (n
=30), 9.09% (n = 3) S; 87.88% R (n = 29), 9.09% (n
=3) Sand 3.03% (n = 1) I for cefepime (moderately
sensitive); 87.88% (n = 29) R, 12.12% (n = 4) S for
trimethoprim-sulfamethaxazole; 48.48% (n = 16) R
for colistin, 51.52% (n = 17) S; and 96.97% (n = 32)
R for ertapenem, 3.03% (n = 1); 60.61% (n =20) R,
3.03% (n = 1) S and 36.36% (n = 12) I for imipenem;
for meropenem, 84.85% (n =28) R, 9.09 % (n=3) S
and 6.06 % (n = 2).

Distribution of the numbers of isolates according
to colistin MIC values is given in (Figure 1.). The MIC
values of colistin by BMD method were 0.25 pg/ml
(n=6), 1.00 pg/ml (n=4), 2.00 ug/ml (n=3), 4.00 pg/ml
(n=2), 8.00 pug/ml (n=2), 16.00 pg/ml (n=2), 32 pg/ml
(n=8), and 64 pug/ml (n=6) (Figure 1).
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Figure 1. Distribution of isolate numbers according to Colistin MIC values determined by BMD method.

Results of Molecular Methods for bla OXA-24. Isolates from bla OXA-23, bla OXA-
51, bla OXA-55, bla OXA-58, bla KPC, bla VIM,
and bla IMP was detected. Two (6.06%) isolates
and bla OXA-48 both bla NDM-1 genes, were carry-

PCR Findings of Carbapenemase Genes: The
carbapenemase genes detected by PCR method of
33 KDKp isolates studied in total are shown in Fig-
ure 2. These rates were 75.76% (n = 25) for bla OXA- ing each other (Figure 2.).
48, 6.06% for bla NDM-1 (n=2), and 3.03% (n=1)

75.76
80
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Figure 2. Percentage distribution of carbapenemase genes detected by PCR methods of CRKp 33 isolates.

Of the 33 CRKp isolates, 16 (48.48%) were found  positivity according to the carbapenemase positivity
to be mcr-1 positive, and 17 (51.52%) were found to  are shown in (Table 2.).

be mcr-1 negative. The numbers of isolates with mecr-1
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Table 2. The numbers of isolates with mcr-1 positivity according to carbapenemase positivity

Carbapenemase mcr-1 (+) mcr-1 (-)
OXA-48 15 10
OXA-24 0 1
NDM-1 0 2
Negative 1 6

Comparison of Phenotypic and Molecular
Methods

Among the 25 bla OXA-48 gene positive iso-
lates all (100%) were ertapenem, and 11 (44%) were
imipenem; 21 (84%) were meropenem, 23 (93.54%)
piperacillin-tazobactam, 22 (70.97 %) amikacine, 16
(64%) gentamicin, 23 (92%) ciprofloxacin, 24 (96%)
ceftazidime, 24 (96%) cefepime and 14 (56%) colistin
resistant. Among the bla OXA-48 gene positive iso-
lates, 15 (48.39%) were found to carry the mcr-1 gene,

simultaneously.

Twenty-two (66.67%) of 33 CRKp isolates were
susceptible to amikacin and/or gentamicin. Out of the
colistin-resistant isolates, 55% (n:11) were susceptible
to amikacin and/or gentamicin. Nine (56.35%) of
mcr-1 positive isolates (n = 16) were found sensitive

to amikacin and/or gentamicin.

In the study, the number of colistin-resistant iso-
lates by the automated system was 16 and by BMD
method was 20. Four isolates that were susceptible
to colistin by the automated system were resistant to
BMD.

Among 16 mcr-1 gene-positive isolates, colistin re-
sistance was detected in 14 (87.50%) isolates by BMD.
Of 17 the mcr-1 gene negative isolates, 6 (35.29%) iso-

lates were resistant against colistin by BMD.
Discussion

The mcr-1 positive results (48.48%) obtained were
found to be well above the reported results from oth-
er studies (Arabaci, 2019; Yildiz, 2021; Karki, 2021).
PCR results may also be false-positive and must be

confirmed by sequencing. Besides, this condition can
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originate from regional differences in the patients
treated in Dicle University Hospitals. In the study, the
majority of the patients receiving treatment at Dicle
University Hospitals were from Diyarbakir and its

surrounding provinces and immigrants from Syria.

Colistin-resistant Klebsiella pneumoniae isolates
are an important health problem worldwide. In our
study, 9 (27.3%) patients died, and all of the isolates of
these patients were resistant to colistin. Additionally,
eight of the isolates belonging to these patients colis-
tin MIC was 216 pg/ml, and seven were mcr-1 posi-
tive. In our study, the mortality rate was 45% in colis-
tin-resistant patients and 43.75% in mcr-1 positives;
the average length of stay in the hospital was 33.9
days in patients with MIC> 2 pg / ml Kp isolates and
37.63 days in patients with MIC values are> 32 pg /
ml Kp. The average hospital stay was 21.8 days in mcr-
1 negatives; 35.7 days in mcr-1 positives. Giacobbe et
al. reported that in patients with risk factors such as
the presence of colistin resistance and hospitalization
duration of more than 30 days in ICUs, the mortality
rate was 51% (Giacobbe, 2015). Our data and litera-
ture data indicated that the length of hospitalization
and mortality rate was higher in colistin-resistant Kp

and/or mcr-1 positive Kp isolated patients.

All isolates in our study were ESBL positive, and
cefepime resistance was 87.88%. Amikacin and/or
gentamicin are antibiotics that can be used as a com-
bined therapy in colistin/carbapenem-resistant Kp
infection due to adverse effects, including nephrotox-
icity (Vardakas, 2012). Our study showed that the sig-
nificant majority of the isolates were resistant against

amikacin and/or gentamicin, but approximately %30
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of the isolates were susceptible. These results indicat-
ed that amikacin and/or gentamicin could be an alter-
native drug in combined therapy in antimicrobial-re-

sistant infections.

Colistin resistance in Kp isolates has been report-
ed worldwide. Colistin resistance rates in Kp isolates
were reported as 10.5-20% in Greece, 6.8% in South
Korea, 6.3% in Singapore (Ah, 2014). In the last ten
years, colistin resistance in Kp isolates from different
hospitals has increased tremendously (from 6% to
75.6%) in Turkey (Aris, 2020). In our study, the colis-
tin resistance rate was 60.61% by BMD, and colistin

resistance was an important problem in our hospital.

BMD method was recommended for testing the
colistin resistance by EUCAST due to false results can
be obtained by gradient tests and automated process-
es (Jayol, 2015). The study of Poirel et al. reported that
the rate of false-sensitive results was 15% with the
automated system (Poirel, 2017). In our study, four
of 16 isolates that were susceptible to colistin by the
automated system were found to be resistant to BMD.
The false sensitivity finding of 18.75% in our study
was compatible with the literature, and the automated
system was found to be inadequate in detecting some
colistin-resistant strains. Our data clearly indicated
that colistin susceptibility should be confirmed by
BMD.

In our study, 16 isolates were mcr-1 positive 17
isolates were mcr-1 negative. In addition to this, 20
isolates were colistin-resistant by BMD. Of 20 colis-
tin-resistant isolates, 14 isolates were mcr-1 positive,
and 6 were mcr-1 negative. However, among the 16
mcr-1 positive isolates, 14 isolates were colistin-re-
sistant, and two isolates were colistin susceptible by
BMD. Our data showed that chromosomal resistance
mechanisms and other mcr variants should be in-
vestigated in Kp isolates in further studies (Hadjadj,
2019). Genome analysis studies showed that in strains

with mcr-8 gene, different antibiotic resistance genes

(the beta-lactams, aminoglycosides, sulfonamides,
fluoroquinolones) could be seen together (Hadjadj,
2019). mcr-1 positivity in colistin susceptible Kp iso-
lates showed that mcr-1 and mcr gene variants screen-
ing of colistin susceptible Kp isolates could be recom-
mended for controlling of infection and spreading of

mcr-1 gene by the plasmid.

OXA-48-producing K. pneumoniae infections are
common in Turkey, Europe, Middle East, and Africa
with the rate of %10-72 (Aktas, 2008; Carrér, 2010;
Davarci, 2019). In our study OXA-48 positivity rate
was 75.76%. The OXA-48 beta-lactamase enzyme can
successfully hydrolyze penicillins but shows weak or
no activity against broad-spectrum cephalosporins
(such as ceftazidime, cefotaxime, cefepime), carbap-
enems. In this study, among 25 (93.94%) isolates
whose OXA-48 gene was detected, all were resistant
to ertapenem, 44% to imipenem, 84% to meropen-
em, 56% of to colistin, and antibiotic resistance rates
were more than 55 % in OXA-48 positive Kp isolates.
Neuner et al. In their study, the colistin, amikacin, and
gentamicin sensitivities of OXA-48 positive isolated
from blood samples of patients hospitalized in ICUs
were found to be 86%, 45%, and 22%, respective-
ly (Neuner, 2011).

In two multicenter studies in Turkey NDM-1 ra-
tio was 7.25% and 6.5% (Grundmann, 2017; Cakar,
2016). In the study of Cakar et al., the rate of NDM
+ OXA-48 coexistence was found to be 2.4% (Cakar,
2016). In our study, this rate was 6.06% and is within
similar limits. In EUSCAP study (European Survey
on Carbapenemas of Producing Enterobacteriace-
ae) of Turkey centers in a different region, in 124 Kp
isolates, two isolates (1.6%) were IMP positive (Ca-
kar, 2016). KPC-producing isolates have been found
mainly in Greece, the USA, Israel, Turkey (24,26, cur-
rent study). VIM, IMP and KPC were not detected in
our study, but this plasmid-mediated enzyme poses a

problem for our country.
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CONCLUSION

Consequently, K. pneumoniae with colistin and
carbapenem resistance is a significant public health
problem in ICUs and hospitals in Turkey. OXA-48
beta-lactamase is the most commonly reported car-
bapenemase enzyme type in our country. Colistin re-
sistance and mcr-1 positivities were the risk factors
for extended hospitalization and high mortality. Au-
tomated systems may be insufficient to detect colistin
sensitivity, and these results should be confirmed by
BMD. mcr-1 gene can also be detected in colistin sus-
ceptible isolates. For the controlling of plasmid-me-
diated spread, screening of the mcr-1 and mcr variant
genes is helpful in both colistin-resistant and suscep-

tible isolates.
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SUMMARY

Contemporary pharmacological market is well developed, suggesting
a wide choice of medical preparations for treating various disorders.
Particular attention is paid to the group of diseases related to
cerebrovascular accidents as the complications and consequences
are often unfavorable. A study was conducted in the post-Soviet
countries and aimed to determine the effect and efficacy of using
neuroprotective drugs in the treatment of cerebrovascular disease,
taking into account the psychosomatic effect in patients. Two
preparations were chosen for the study, namely, Citicolin and
Piracetam. The main purpose was to compare the effectiveness and
necessity of these drugs in improving the patients’ condition and
reducing the effects and mortality. The results of this study and
works of other scientists proved a higher efficacy of using Citicolin
compared to Piracetam. Among 680 patients (100%) receiving
Citicolin as a neuroprotective therapy, 625 (91.9%) patients
noted improvement in general condition already after three days.
Of 405 patients (100%) receiving Piracetam, the regression of
neurological symptoms occurred on the 4th or 5th day of treatment.
The improvement of visual functions was noted in 26 patients from
Citicolin group and only in 3 patients who received Piracetam as
neumpmtectz’ve t/ﬂempy.

Key Words: Ischemic stroke, citicoline, piracetam, neuroprotective
therapy, psychosomatic effect

Akut Serebrovaskiiler Hastalikta Sitikolin ve Pirasetam ile
Néroprotektif Tedavi: Klinik ve Psikosomatik Etkiler

0z

Giindimiiziin  iyi ~ gelismis  modern  ilag  piyasasinda  cesitli
rahatsizliklarin tedavisi icin kullanilabilecek cok cesitli t1bbi ilaclar
mevcuttur. Genellikle komplikasyonlar: ve sonuglar: agir oldugundan,
serebrovaskiiler kazalarla iliskili hastalik grubuna izellikle dikkat
edilmektedir. Sovyer sonras: iilkelerde gerceklestirilen bu ¢aligmada
hastalardaki  psikosomatik etki dikkate alimarak serebrovaskiiler
hastaliklarin tedavisinde néroprotektif ilag kullaniminin etki ve
etkinliginin  belirlenmesi  amaglanmastrr.  Caligma icin  Sitikolin
ve Pirasetam olmak iizere iki ilag secilmistir. Temel amag, bu
ilaglarin bastalarin durumunun  iyilestivilmesi ile etki ve Gliim
oranlarimin  azaltilmasindaki  etkinliklerinin ve  gerekliliklerinin
karsilastiriimasidsr. Bu calismaninsonuglarrvediger bilim insanlarinin
¢alismalary, Sitikolin’ in Pirasetam'a kiyasla daha yitksek bir etkinligi
oldugunu kanstlamgtir. Noroprotektif tedavi olarak Sitikolin alan
680 hastanin (%100) icerisindeki 625 hastanin (%91,9) ii¢ giin
sonra genel durumunda iyilesme kaydedilmistir. Pirasetam alan 405
hastada (%100) ise, nirolojik sempromlarda gerileme, tedavinin 4.
veya 5. giindinde meydana gelmistir. Gorsel fonksiyonlarda iyilesme
Sitikolin grubundan 26 hastada gerceklesmesine karsin néroprotektif
tedavi olarak Piracetam alan sadece 3 hastada gorsel fonksiyonlarda
iyilesme kaydedilmistir.

Anabtar Kelimeler: Lkemik inme, sitikolin,
noroprotektif tedavi, psikosomatik etki

pirasetam,
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INTRODUCTION

To date, cerebrovascular diseases are the second
leading cause of death worldwide (World Health
Organization, 2018).
(CVP)

infectious disease and quite a frequent nervous system

Cerebrovascular pathology

is considered the most common non-

disorder. The most complex form of vascular disease
is an ischemic stroke, which is characterized by focal
lesions of the brain resulting from the disruption of its
blood supply. This disorder occurs as a complication
of such diseases like atherosclerosis and arterial

hypertension.

Ischemic stroke is still believed to be the second
leading cause of death in developed countries and
the first reason for long-term disability in patients
who experienced stroke (World Health Organization,
2018). However, there is still no pharmacological
treatment for stroke with proven efficacy or with a
favorable risk/benefit ratio for the acute phase of the

disease.

Treatment of acute and chronic cerebrovascular
disorders should be comprehensive. Basic drugs are
antithromboticagents, hypotensive and hypolipidemic
preparations. Also, lifestyle modification with the
exclusion of the disease risk factors like obesity,
endocrine diseases in decompensation stage, and
harmful habits such as smoking and alcohol abuse,
is required for the higher success of the treatment
outcome (Hacke, 2000). The sooner the correct
therapy is started, the more chances for a positive
result. Besides, to establish whether the disease is
ischemic or hemorrhagic is of high importance as it

may help to determine the correct treatment tactics.

One of the essential points on the way to recovery
is neuroprotective therapy, the main purpose of
which is to prevent the development of mechanisms
of neuronal death in the ischemic brain tissue.
In modern medicine, there is a large number of
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drugs with neuroprotective properties (Mildronate,
Emoxypinum, Citicoline, Dicynone, etc.) However,
scientific recommendations with a sufficiently proven
effect of these drugs are missing in the available
literature sources being considered ineffective
from the perspective of evidence-based medicine.
Therefore, studying the effectiveness of various
neuroprotective drugs are still relevant today due to

the lack of evidence-based action.

Certain neuroprotectants have a positive effect on
the course and prognosis of various cerebral vascular
pathologies. However, their success depends on
several factors: the active ingredient, dose, frequency
of administration, duration of use, etc. Often, doctors
prescribe 2 or 3 neuroprotective drugs, although there
is no specific need and no evidence base for this. On
the contrary, their irrational intake can lead to the
development of polypragmasy with further negative
effects on the body. Therefore, the estimation of the
neuroprotective therapy efficiency in the complex
treatment of cerebrovascular disorders of different

genesis remains an important point in world medicine.

Citicoline is a naturally derived endogenous
compound. This compound is an intermediate
metabolite involved in phosphatidylcholine synthesis
processes (Ortega, 2010). The latter is a major
component of the cellular membrane. Citicoline
is a complex substance composed of cytidine and
choline. There is a diphosphate bridge between
them that decomposes following the hydrolysis
reaction. In this respect, Citicoline has a very high
level of bioavailability - approximately 100% when
administered orally. The two components of citicoline
pass the haematoencephalic barrier. After passing the
barrier, citicoline is synthesized in the brain and then
extracted from the body via air and urine (Donmez
& Outeiro, 2013). Citicoline is characterized by a
membranotropic effect, which promotes the repair
of membranes in neurons. This happens because

of phosphatidylcholine, as well as due to slower
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neuronal membrane damage through the decrease in
the activity of enzyme phospholipase A2 (Parfenov,
2012). Citicoline also promotes the preservation
of not only phospholipids but also sphingomyelin,
as well as standardizes the work of the sodium-
potassium pump and the functional capacity of such
organelles as mitochondria. Increased acetylcholine
synthesis contributes to the standardization of
cholinergic neurons function (Secades, 2011). The
effect of citicoline is associated with its positive
influence on the mechanisms that determine cerebral
plasticity, as well as on neuro repair processes. That
defines its therapeutic effect, which is why citicoline is
used to treat various nervous system dysfunctions like
dementia, memory loss, depressive disorders, as well

as Parkinson’s disease (Polito, 2013).

Piracetam’s action mechanism is based on
changes in metabolic processes, bioenergy metabolic
processes occurring in the neuron, and increased
protein biosynthesis. The action of piracetam on the
use of O, and metabolic processes linked to glucose
is based on aerobic or anaerobic conditions, which
determine the response. Aerobic conditions facilitate
the O, uptake by one-third under the influence of
piracetam, while anaerobic conditions lead to an
increase in glycolysis (Flicker & Evans, 2004). The
latter is caused by activation of the pentose-phosphate
cycle, which leads to the formation of NADPH, which
is the main source of energy in brain metabolism.
Under anaerobic (or hypoxic) conditions, the ATP
synthesis is more intense, and the ATP-cAMP cycle
in neuronal cells is more active. Based on the fact that
lactate levels do not increase, anaerobic processes do
not play the primary role (PASS II, 2001).

A stroke occurs in more than 15 million people
annually worldwide, and almost 5 million people
subsequently die (Belova, 2016). The incidence of
stroke is 100-200 cases per 100 thousand people in
different European countries. According to the World
Health Organization, the number of stroke patients
willincrease by 30% by 2025 (Truelsen, 2006). Over the
last decade, the WHO has reassessed the development

of stroke and its consequences. Thus, there are 16
million primary cases of stroke and 5.7 million deaths
due to it worldwide. Acute cerebrovascular disorder
ranks 3rd by material costs of treatment and 2nd by

causes of death in the United States and Europe.

To date, neuroprotective drugs provoke numerous
debates among scientists. Some authors argue about
the necessity of their use during ischemia zone
recovery (Shabanov, 2020). Other scientists believe
that neuroprotectors do not have a sufficient evidence
base and their effectiveness is minimal (Sharayeva,
2018). Over the past 20 years, great importance has
been attached to Citicoline as a strong neuroprotective
agent. There are also a large number of articles that
testify to the useful properties of Piracetam as a
nootropic agent in acute ischemic stroke, especially
in patients with speech impairment (De Deyn, 1997;
Zhang, 2016).

Piracetam is the pioneer of nootropics. Recently,
this preparation has received renewed attention, given
its role in the therapy of psychosomatic diseases.
Piracetam is effective in preventing neurocirculatory
dystonia of psychosomatic origin such as bronchial
asthma, coronary heart disease (CHD), and arterial

hypertension.

Among disadvantages of Piracetam therapy,
including those of psychosomatic origin, are its
excessive influence on the excitability of the central
nervous system, which may manifest itself as increased
nervousness of a patient. Therefore, it is advisable to
prescribe the intake of this drug in the period before 3
p-m. Noteworthy, such side effect was observed in less
than 5% of cases (Al-Kuraishy & Al-Gareeb, 2020).

Clinical trials of Citicoline performed in the
United States in the treatment of acute and chronic
cerebrovascular disorders demonstrated a slight
positive effect of the substance, which may be
associated with the time of drug administration
(therapeutic window of 1-6 hours from the onset of the
first symptoms of stroke), the dose, and the method of
administration (Adibhatla & Hatcher, 2002). Other

researchers argue that Citicoline is safe to use and can
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favorably affect patients with acute ischemic stroke,
and most favorable in less severe stroke in elderly
patients who have not received recombinant tissue
plasminogen activator. None of the neuroprotective
agents has been effective in confirmatory clinical
trials (Overgaard, 2014). Neuroprotective agents
can promote reperfusion at the capillary level in
the target tissue area and increase the period for
effective recanalization by preserving brain tissue
and reducing the hemorrhage rate. However, such an
effect is possible only in combination with mechanical
thrombectomy. Neuroprotectants have been shown
to constrain ischemic damage while the patient is in
the acute period of stroke. Therefore, the potential
usefulness of neuroprotection as an adjunctive agent
before, during, and after mechanical thrombectomy

has been emphasized (Babadjouni, 2017).

Recent clinical study by a group of scientists
from Japan confirmed that combined treatment
with Citicoline and docosahexaenoic acid may have
synergic benefits for partial improvement of memory
deficits after passing brain ischemia and prevent
neuron cell death in the brain (Nakazaki, 2019). A
multicenter Italian clinical trial established the effect
of Citicoline in elderly people with mild vascular
cognitive impairment. It was found that by increasing
cell metabolism and activating phospholipid
biosynthesis in brain neuronal membranes, Citicoline
was quite effective and can be recommended for
patients with mild vascular impairment. No adverse
effects of the drug were reported in the study
(Cotroneo, 2013; Porfiryeva, 2020). There are also
numerous scientific articles describing the benefits
of Pyracetam as a neuroprotective agent. A group of
Chinese researchers from Hangzhou studied the effect
of Piracetam on the rehabilitation of speech activity in
patients after stroke. Evaluation of speech at the end
of the trials did not show a significant improvement in
general aphasia but showed a marked improvement in
writing. The effect of Piracetam on general language

and writing tends to improve for a short period but
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decreases with time (Zhang, 2016).

A randomized, multicenter, placebo-controlled
PASS (Piracetam in Acute Stroke Study) showed no
efficacy of Piracetam in acute ischemic stroke when
administered within 12 hours from the onset of acute
ischemic stroke. However, post-analysis suggested
that Piracetam may be useful when administered
within 7:00 after onset, especially in patients with

moderate to severe stroke (De Deyn, 1997).

However, the Guidelines 2013 by the American
Heart Association state that no neuroprotective
pharmacological agents have demonstrated clinical
efficacy in various clinical trials, and, therefore, are

not currently recommended (Jauch, 2013).

This study aims to update the comparison of the
therapeutic effects of Citicoline and Piracetam in
combination with standard intensive therapy on brain
cells of patients with acute ischemic stroke. These
drugs are used not as the main treatment, but as an

additional neuroprotective therapy.

The purpose of the work is to evaluate the

effectiveness of Citicoline and Piracetam in
combination with standard intensive therapy in

patients with acute ischemic stroke.

The task of this study was to find out the
evidence for the use of neuroprotective agents in
cerebrovascular disease; to conduct a comparative
analysis of Citicoline and Piracetam preparations; to
identify the consequences and general effectiveness of

treatment in improving the blood supply to the brain.
MATERIALS AND METHODS
Materials

The study used and analyzed medical histories and
records of patients with acute cerebrovascular disease

in hospitals of major cities in Russia and Ukraine.

For this purpose, the effect of neuroprotective
drugs in patients with cerebrovascular disease was
analyzed and compared, namely, the effect and

benefits of prescribing Citicoline and Piracetam have
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been studied.

The study enrolled a total of 1120 case histories
of patients with acute cerebral circulation disorder
(acute ischemic stroke) confirmed through computer
tomography data between December 2019 and June
2020 in different hospitals in 8 cities of post-Soviet
countries (4 cities in Russia and Ukraine). In 35
case histories, patients received drugs from other
pharmacological groups as neuroprotective therapy,
and, thus, were excluded from the study. Hence, the
study involved a total of 1,085 patients. All patients
were treated in the neurological departments of

different hospitals in Russian and Ukrainian cities.

The authors declare that the work is written with
due consideration of ethical standards. The study was
conducted in accordance with the ethical principles
approved by the Ethics Committee of Ukrainian
Engineering and Pedagogical Academy (Protocol Ne
3 of 15.02.2021).

Table 1. Basic information about patients

Methods

The study included 2 groups of patients: Group 1
received Citicoline as an additional neuroprotective
therapy, and Group 2 received Piracetam. The dose
of Citicolin was 1.0 g per 200 ml of physiological
solution, and that of Piracetam - 4.5 g per 200 ml of
physiological solution. Both drugs were administered
intravenously by drop infusion, with subsequent
reduction of the dose until the drug was completely

withdrawn.

The first group of patients who received Citicoline
as neuroprotective therapy included 680 patients
(62.7%). The second group consisted of patients who
received Piracetam and included 405 patients (37.3%).

The majority of the patients analyzed (65.9% or
715 persons) were women, and the rest of 370 patients
(34.1%) were men. The average age of the patients was
57 years (42 to 74 years) (Table 1).

Total number of case histories - 1,085

City

Number of case histories analyzed

Moscow (Russia)
Saint Petersburg (Russia)

450 (41.47%)
211 (19.51%)

Kyiv (Ukraine) 122 (11.2%)
Kharkiv (Ukraine) 75 (6.9%)
Novosibirsk (Russia) 71 (6.54%)
Odessa (Ukraine) 60 (5.53%)
Yekaterinburg (Russia) 57 (5.25%)
Lviv (Ukraine) 39 (3.6%)
Gender

Women 715 (65.9%)
Men 370 (34.1%)
Age

Up to 45 years old 165 (15.3%)

45-55 years old
55-65 years old
Older than 65

380 (35%)
452 (41.6%)
88 (8.1%)

303



Sokolova, Tazina, Zakharova

Study Design

Recent literature data were processed by meta-

analysis.

The main criteria for evaluating the effectiveness

of treatment with neuroprotective drugs included:
Degree of cerebral vasoconstriction;
Severity of the clinical disease course;
Risk of neurological complications.

The level of psychosomatic disorders (level of
the anxiety-depressive syndrome) in patients from
both groups at the beginning of the study and after
its completion was calculated using the Hamilton
scale (HDRS). The work was conducted with the
patients’ consent (written agreement on non-
disclosure of information, observance of moral and
ethical norms). This study included 44 patients, 23
from the Piracetam group and 21 from the Citicoline
group. All patients were conscious. The daily dose
of Piracetam and Citicoline corresponded to the
minimum recommended dose for pronounced effects

on the normalization of the central nervous system.

During the study, the Glasgow Coma Scale
was used to assess the condition of patients with
ischemic stroke after hospitalization. All patients
were recommended to be continuously monitored by

a neurologist after stroke treatment.

According to the Glasgow Coma Scale criteria,
all patients were divided into three groups. The
first group consisted of patients with a stun (12-13
points), amounting to 580 (53.45%). The second
group included patients with soporus (9-11 points),
amounting to 400 people (36.88%). The third
group consisted of patients in a coma (3-8 points),

amounting to 105 people (9.67%).
Statistical analysis

Statistical methods of calculation were applied

for the data processing. The Microsoft Excel 2016
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(USA, MicrosoftCorp) was used as a database. The
data were further processed using Statistica v. 7.0
software (StatSoft Inc., USA). Student’s t-test was used
to compare data between samples (groups of patients)
after testing for normality of distribution. Mean
values and standard error of the mean were calculated

as well. Differences were significant at p < 0.05.
RESULTS AND DISCUSSION

Analyzing the symptomatology of the disease,

the following results were obtained: sudden
weakness in the arm, leg, and half of the face (which
is unilateral). Severe headache, dizziness, and
movement coordination disorders were noted in
all 1085 patients (100%) who were included in the
study. Of these, speech problems (speaking, writing,
and comprehension disorders) were observed in
226 patients (20.8%), and a sudden deterioration or
absence of vision was noted in 54 patients (4.9%).
Loss of consciousness was recorded in 105 patients
(9.67%), of whom only four patients survived. Pain in

the remaining 101 patients was fatal.

Of all 1085 patients (100%), 984 patients (90.7%)
had positive dynamics of general psychoneurological
symptoms against the background of the above
therapy (p < 0.05 with the start of therapy). The
condition of 101 (9.3%) patients worsened, which
was caused by the severity of the disease and resulted
in a lethal outcome in the long-term period due to

complications of the underlying disease.

The first (main) group included 680 patients with
sudden weakness in the arm, leg, and half of the face,
severe headache, dizziness, and impaired movement
coordination (p = 0.05 with the start of therapy).
Of these, 130 patients had speech problems and 22
patients had impaired eyesight. Only 9 patients had

speech impairment, 5 of whom were found to be fatal.

The second group included 405 patients with

sudden weakness in the arm, leg, and half of the face,
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severe headache, dizziness, and impaired movement
coordination. Of these, 96 patients had speech
problems, and 32 patients were with impaired eyesight.
There were 96 comatose patients, and unfortunately,
none of them survived, which was attributed to severe
complications in the long-term period of the disease

(p = 0.05 with the start of therapy).

Among the 680 patients (100%) who received
Citicoline as a neuroprotective therapy, 625 (91.9%)
patients showed improvement in general condition
already after three days (p < 0.01 with the start of
therapy). In 50 patients (7.3%), the improvement
occurred on the 4th day (Figure 1) (p < 0.05 with
the start of therapy). Another five patients (0.8%)

died of pulmonary embolism as a complication of

the underlying disease on day 3 from the start of the
therapy. Analyzing 405 patients (100%) that received
Piracetam, the results were disappointing. The
regression of neurological symptoms occurred on day
4 in 59 patients (14.6%), day 5 in 195 patients (48.2%),
and day 6 in 55 patients (13.4%) (Figure 2) (all possible
outcomes at p > 0.05 with the start of therapy). The
lethal outcome was observed in 96 patients (23.8%),
of whom 56 patients died of pulmonary embolism and
another 40 died of myocardial infarction (all possible

outcomes at p 2 0.05 with the start of therapy).

In Group 1, the regression of neurological
symptoms was noted at 3+1 days compared to the
control group, in which the recovery time was slightly

longer (5£1 days, p < 0.05).

Group 1 (Citicoline)

625

ooo

=]
(=]
=]

Visual Impairments

Figure 1. Improvement indices in the condition of patients depending on the use of Citicoline (number of

patients)
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Group 2 (Piracetam)
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Figure 2. Improvement indices in the condition of patients depending on the use of Piracetam (number of

patients)

Of all the patients analyzed, speech impairments
were observed in 130 patients from the group that
received Citicoline and 96 patients from the control
group (Piracetam) (p < 0.05). As a result of the
treatment, 105 patients in the main group, and 72
patients in the control group improved their speech
ability (p < 0.05). Full recovery of the speech reactions
was observed in 112 patients of the group, in which
Citicoline was prescribed as neuroprotective therapy
and in 76 patients of the Piracetam group during the
long-term observation period (1.5-2 months) (p <
0.05). It is worth noting that patients in the first group
improved speech after 2+1 days, and the second group

— after 3%1 days (p = 0.05).

As a result of acute impairment of cerebral

circulation, unilateral decrease or absence of
eyesight was observed in 54 patients. After primary
ophthalmological examination, all patients were
diagnosed with the ocular ischemic syndrome. All
patients were evenly divided into two groups, 22
patients from the Citicoline group and 32 from the

Piracetam group (Piracetam). Treatment showed
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improvement of visual function in 21 patients from
the group, where Citicoline was administered as
neuroprotective therapy. At that, the regression of
visual symptoms was noted in 10 patients on the first
day, 10 patients felt the improvement on the second
day, and one patient — on the third day after the disease
had begun. Quite different results were obtained in
patients of the second group. Improvement of visual
functions by 10% was noticed only in 3 patients on the
second day from the start of the disease. This progress
was explained by the mild general state of the patients
and a rather high visual acuity (10-20%) compared
to other patients where the acuity of vision was in
the range from improper color perception to 10%
of impairment. Also, the improvement of the visual
function of the patients from the first group during
the first days was insignificant (progress of 20£5%
from the initial one, p < 0.05). Analysis of distant
eye consequences of the cerebrovascular disorder
showed complete recovery of vision in 5 patients of
Citicoline group 1.5-2 months after the loss of vision.
Eight more patients had a 40+5% increase of visual

function during the same period (p < 0.05), and in
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another eight patients, visual progress remained at
the level of 20+5%. In the group where Piracetam was
used in the long-term period, full recovery of vision
was not observed in any patient (p = 0.05). In three
patients, the improvement was noted at 20+5% of the
initial level. In the follow-up period, all 54 patients

were excluded from observation.

The duration of hospital stay depending on the
prescription of neuroprotective therapy has been
analyzed. In the group of patients, to whom Citicoline
was prescribed, the average hospitalization period
lasted 7+2 days, while in the control group, this figure
was slightly longer, amounting to 9+2 days (p < 0.05).

The use of Piracetam, on the other hand, produced
a more pronounced psychosomatic effect in terms
of decreasing the level of anxiety and depression.
No pronounced changes were observed in patients
treated for up to seven days, whereas patients who
used Piracetam for more than seven days showed a
24% reduction in the level of anxiety and depression
(p=<0.05) compared to the group of patients who took

Citicoline.

No such effects were observed for Citicoline, which
may be because Piracetam is the first of the nootropics
with a complex effect, including the prevention of
psychosomatic diseases, a protective effect, and

normalization of the central nervous system.

The study found that the administration of
Citicoline was more justified compared to Piracetam.
After analyzing research works and articles by other
scientists, both differences and convergence in results

were found.

A recent study of Piracetam use in acute ischemic
stroke indicated that the revised data did not provide
conclusive evidence for the effect of using this drug in

acute cerebrovascular accidents (Ricci, 2006).

Another study on the pharmacological treatment
of aphasia after stroke with Piracetam, Piribedil
(Pronoran), Bromocriptine, and Dextran 40
(Reopolyglucinum) in patients with acute cerebral
circulation disorder did not reveal evidence that
patients were more likely to experience improvement
in speech performance at the end of the study after
Piracetam treatment. Patients who received Piracetam
as a neuroprotective therapy had slightly fewer adverse
events, including death than those who received
placebo. Such data raise some concerns that there
may be an increased risk of death from Piracetam in-
take (Greener, 2001). The data in these two studies are

consistent with the results of this work.

The

of Citicoline found that this drug is non-toxic,

study on neuroprotective properties
which is confirmed by numerous preclinical data.
Neuroprotective effect of Citicoline on the brain
is based on the assumption that after injection or
ingestion, this substance is sequentially hydrolyzed
and dephosphorylated into cytidine and choline.
These two metabolites then separately enter the brain
tissue and are used to re-synthesize citicoline, which

provides intracellular neuroprotection by supporting

cellular phospholipid biosynthesis (Grieb, 2014).

Some data indicate the ability of Citicoline
to normalize the patterns of neurotransmitter
release. Under the conditions of cerebral hypoxia
at ischemia, noradrenalin release may decrease,
whereas dopamine release may increase. In several
animal models, Citicoline has been shown to inhibit
impaired neurotransmitter release in hypoxic states.
Besides, administration of Citicoline to rats that were
kept in a chronic hypoxic state decreased behavioral
impairment and increased survival time. Additional
studies have shown that Citicoline can increase
vasodilation in animals with cerebral microcirculatory
trauma, significantly increasing cerebral blood flow
(Weiss, 1995).
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The efficacy of Citicoline was also evaluated
in a study that included 92 patients with chronic
cerebrovascular disease. In this placebo-controlled
study, 46 patients were randomized to each
group. Patients received Citicoline (1000 mg/day
intravenously) or placebo for two treatment cycles
for four weeks, each with one week between cycles.
The patients response was assessed with several
psychometric tests, measuring memory, behavior,
attention, and emotional control. The results of
the study showed that Citicoline significantly
improved attention by reducing the number of
incorrect reactions to nonverbal stimuli. Also, the
continuous and progressive improvement was noted
with Citicoline treatment on memory tests and
assessments of emotion and behavior (Piccoli, 1994;

Ignateva, 2020).

Hence, most of the processed materials confirm
the results of this study and indicate a clear advantage
of Citicoline over Piracetam applied to patients with
an acute cerebrovascular accident, namely ischemic
stroke. Patients who received Citicoline had faster
regression of neurological symptoms, improvement
of speech functions, and a significantly shorter period
of inpatient treatment. In addition, the study obtained
a positive effect of Citicoline as a neuroprotector in
the improvement of visual symptoms by restoring the

circulation of the optic nerve.

Theresults of this study did not identify any benefits
of Piracetam, despite the large number of scientific
articles stating the opposite. In the author’s opinion,
an improvement of general neurological symptoms in
patients of the second group was noted due to basic
therapy with anticoagulants, antiaggregants, and
vasoactive drugs. As for the improvement of visual
function, the use of Piracetam in a neuroprotective
therapy was not justified. A slight improvement in
visual acuity in 3 patients was associated with a mild

course of the underlying disease.
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Considering a large number of studies on the
useful properties of Piracetam in patients with
ischemic stroke with speech impairment and the data
of this study allow stating that compared to other
neuroprotective agents, Piracetam did not show any
advantages. On the contrary, the recovery time of
speech reactions was somewhat longer in the second
group of patients. Consequently, the effectiveness of

Piracetam for speech disorders is also not proven.

Therefore, the results of this study allow
concluding that there are no proven neuroprotective

properties of Piracetam.
CONCLUSIONS

The results of this study provided convincing
evidence of the advantage of Citicoline over
Piracetam. Nearly 92% of patients (625 people)
indicated that their overall well-being had improved
significantly by the third day. Citicoline was applied
to all patients in the form of a neuroprotective agent.
The effect of applying piracetam was noted later. Thus,
in 405 patients, it manifested only on the 4th-5th day.
Therefore, the use of citicoline also results in shorter
hospitalization times. Furthermore, for citicoline,
improvement in visual function was observed in
26 patients treated with citicoline. Similarly, in the
piracetam group, this was reported in only three
patients. This indicates the greater potential of
citicoline as a complex action drug compared with
piracetam, which has a limited effect at least on

improving visual function.

Based on the evaluation of medical histories and
medical records of patients from Russia and Ukraine,
suffering from acute cerebrovascular accident, a
neuroprotective therapy was prescribed. The first
group of patients received Citicoline, and the second
group — Piracetam. The analysis of literature and
scientific works on the topic allowed stating the best

effect for faster recovery after a stroke in Citicoline.
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Citicolin is a new compound with a very broad
spectrum of benefits for conditions associated with
symptoms of neurological dysfunction. It works on
several levels to support nervous health and optimal
cognitive function. Citicoline has cholinergic and
dopaminergic functions and supports the synthesis and
incorporation of phospholipids into cell membranes
and enhances antioxidant mechanisms in the body
while suppressing the damaging effects of free radicals
on nervous tissue. Citicoline should be considered a
comprehensive therapeutic agent for maintaining brain
health. Therefore, referring to these studies, Citicoline
can be safely recommended as a neuroprotective

therapy for patients with acute ischemic stroke.

As for Piracetam, the study did not identify
any advantages of this drug over Citicoline in the
treatment of the acute cerebrovascular disorder, and,
thus, no evidence-based neuroprotective properties

of Piracetam can be stated.

The use of Piracetam is justified in the prevention
of psychosomatic disorders as this drug significantly
reduces the frequency of anxiety-depressive syndrome
by 24% (p < 0.05) starting from a period of more than
seven days of the therapy.
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SUMMARY

The ongoing outbreak of the COVID-19 is a significant threat to
global health and the economy. This disease is a highly contagious
pathogenic disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The virus has a high reproduction
rate, due to that it is highly transmittable and has turned into a
catastrophe. Scientists and researchers worldwide are exaggerating
every possible approach to limit the spread of this malicious disease.
An abrupt rise has been reported in the number of cases due to newly
mutated strains like SARS-CoV-2 VUI 2020/12/01. To date, no
specific drug is effective in the complete eradication of this dangerous
disease but, some broad-spectrum antivirals such as Remdesivir and
Lopinavir are being used in the management of this ailment. Also,
every possible effort has been made in the development of vaccines
Jor preventing the outbreak of this deadly virus. The BNT162b2 by
Pfizer and m-RNA-1273 by Moderna have been recently launched
into the market, which have shown undesirable effects in geriatrics
leading to mortality. In this review, we have tried to highlight
important aspects of the COVID-19 that will aid in global awareness
and will help the researchers to investigate possible ways to eradicate
this menace and design new moieties for its effectual management.

Key Words: COVID-19, SARS-CoV-2, Mutations, Spike protein,

Pandemic, Vaccine.

COVID-19: Mutasyona Ugrams Tiir, Tedavi Secenekleri ve Ast
Gelistirme

0z

Devam eden COVID-19 salgini, kiiresel saglk ve ekonomi icin
Gnemli bir tehdittir. Bu hastalik, siddetli akut solunum sendromu
koronaviriis 2’nin (SARS-CoV-2) neden oldugu oldukca bulasic:
bir patojenik hastaliktsr. Viriis yiiksek bir iireme oranina sahiptir,
bu nedenle yiiksek oranda bulasabilir ve bir felakete doniismiigtiir.
Diinya ¢capindaki bilim adamlar: ve arastirmacilar, bu kotiiciil
hastaligin yayilmasini sinirlamak icin miimkiin olan her yaklasimi
Jazlaszyla kullanzyorlar. SARS-CoV-2 VUI 2020/12/01 gibi yeni
mutasyona ugramas suglar nedeniyle vaka sayisinda ani bir artss
bildirilmistir. Bugiine kadar, bu teblikeli hastaligin tamamen
ortadan kaldirilmasinda spesifik bir ilag etkili olmamigtir, ancak
bu rahatsizligin tedavisinde Remdesivir, Lopinavir gibi baz: genis
spektrumlu antiviraller kullanilmaktadsr. Ayrica, bu éliimciil
viriisiin ortaya ¢ikmasin onlemek icin agilarin gelistirilmesinde
miimkiin olan her tirlii ¢aba gosterilmistir. Geriatride oliime
yol agan istenmeyen etkiler gosteren Pfizerim BNT162b25i
ve Modernanin m-RNA-1273%, yakin zamanda piyasaya
stiriilmiigtiir. Bu derlemede, kiiresel farkindaliga yardimer olacak
ve aragtirmacilarin bu tehdidi ortadan kaldirmanin olasi yollarini
arastirmasina ve etkin yonetimi icin yeni parcalar tasarlamasina
yardimer olacak COVID-19un onemli yonlerini vurgulamaya
calistik.

Anabtar kelimeler: COVID-19, SARS-CoV-2, Mutasyonlar,
Spike protein, Pandemi, As.
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INTRODUCTION

COVID-19 has become a global emergency that
has drastically affected the health and the economy
worldwide. The rampant spread of this life-threaten-
ing havoc has given sleepless nights to the masses and
authorities. Humankind is at stake and scientists ev-
erywhere are scrambling to eradicate the root cause of
this disease. COVID- 19 is a deadly viral disease that
has abducted many lives and the livelihood of human
beings. The virus causing this disease is severe acute
respiratory syndrome virus 2, i.e., SARS-CoV-2. The
antigen was initiated from the seafood and wet animal
market in Wuhan, Hubei, China, in December 2019,
where bats, raccoon dogs, palm civets, snakes, and
other animals are peddled (Bogoch et al., 2020; Lu et
al.,2020). After this, numerous cases of pneumonia
were observed with unfamiliar etiology. Later, reports
from the deep sequencing analysis of the lower respi-
ratory tract indicated the outbreak of a novel corona-
virus and was named as COVID-19. Different states
and territories have been infected with COVID-19 in
the USA, China, Russia, Italy, Iran, Japan, India, etc.,
tolling about 76 million patients with more than 1.69
million deaths worldwide. The United States alone has
confirmed at least 17.4 million cases in total, which is
the highest count in the world. Looking at the current
scenario, the World Health Organization [WHO] has
declared it an emergency of international concern.
This makes it an issue of high alert and hence builds
surgency for public awareness. This article is an aid
for controlling the present outbreak and future spread
of COVID-19. In this review, complete detail about
the viral mechanism, transmission, symptoms, mutat-
ed strains, diagnosis, various treatment options, and
vaccine development landscape for coronavirus dis-

ease worldwide has been assimilated.

Phylogenetic Study

Coronavirus has been classified as a member of
the Coronaviridae family, Orthocoronavirinae sub-
family in the Nidovirales order (Zhu, 2019). The name
coronavirus was derived from the crown-like spike

proteins outlying the surface of the virus. The Coro-
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navirus is enveloped, positive-sense, single-stranded
RNA virus with size approximately equal to 20 nm.
They are subdivided, based on genotypic and serolog-
ical characters, into four genera: Alpha, Beta, Gam-
ma, and Deltacoronavirus (Lefkowitz, 2018; Sexton,
2016; Su, 2017). Major species known to cause infec-
tions in humans include the highly pathogenic SARS-
CoV and middle east respiratory syndrome [MERS]
coronavirus and less rancorous species that include
NL63, 229E, OC43, and HKU1. Like SARS-CoV and
MERS-CoV, this newly emerged SARS-CoV-2 virus
also belongs to the B lineage of the B-CoVs. The phy-
logenetic studies showed that the genome of this virus
has an 80% resemblance to the SARS-CoV and 50%
resemblance to the MERS-CoV (Lu et al., 2020; Ren
etal., 2020).

Key Features of the Mechanism of Action of
SARS-CoV -2

SARS-CoV-2 has a typical coronavirus structure,
which encodes four structural proteins, i.e., nucleo-
capsid [N] protein, membrane [M] protein, spike [S]
protein, and envelope [E] protein, and also several
non-structural proteins. The process of viral entry
and replication is depicted in Figure 1 (Bhoopathi et
al,, 2020).

The spike proteins outlying the viruss surface
bind to angiotensin-converting enzyme 2 [ACE 2] re-
ceptors residing on the surface of the host cells, and
fusion takes place between the viral and the cellular
membranes (Belouzard et al., 2012). The protease en-
zymes transferrin and furin present in the host cell
break the spike protein and release the viral RNA.
The accomplishment of these steps leads to transla-
tion followed by RNA replication. The next step is the
synthesis of structural viral proteins, M, S, and E, in
the cytoplasm, embedded in the endoplasmic reticu-
lum. Later, it is transferred to the endoplasmic retic-
ulum-Golgi intermediate compartment, which serves
as a site for coronavirus particle assembly (Song et al.,
2004). At last, the formed vesicle is released through

the process of exocytosis.
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Figure 1. Mechanism of action of SARS-CoV-2

Primary Reservoir and Mode of Transmission of Coronavirus

As depicted in Figure 2, both SARS-CoV and MERS-CoV are zoonotic pathogens emerging from animals.

Intermediate host
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Figure 2. Primary reservoir and mode of transmission of coronavirus
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They are considered to have been imparted pos-
sibly from bats to humans through some intervening
mammalian hosts, known as secondary hosts such
as raccoon dogs, palm civets, etc. (Kan et al., 2005;
Bolles et al., 2011). An outbreak of SARS was reported
in 2002 in China and rhinolophus bats were reported
as the key reservoirs (Shiand Hu, 2008). MERS came
into existence in 2012 in Saudi Arabia and reported
the camel as the zoonotic source (Paden et al., 2018).
This virus is transmitted from one person to another
via direct contact or cough droplets. The reproduc-
tion number [R;] of coronavirus was reported to be
2-3, which means that, on average, each infected per-
son spreads the infection to an additional two to three
persons, and this chain goes on (Liu et al., 2020). It
mainly targets the epithelial cells of the lungs. The
spike proteins present on the virus’s surface attach to
the ACE 2 receptors found in the lungs, heart, kid-
neys, and gastrointestinal tract, thus facilitating vi-
ral entry into target cells (Rabi et al., 2020). In a case
study, nine COVID-19 positive pregnant women were
included that underwent cesarean sections to evaluate
the clinical peculiarities of COVID-19 in pregnancy
and intrauterine vertical transmission. Amniotic flu-
id, cord blood, and neonatal throat swab samples were
analyzed for the SARS-CoV-2 in the case of intrauter-
ine transmission. The intrauterine transmission was
not evident, but clinical presentations in the pregnant
women were the same as that of infected adults (Chen
et al., 2020).

The Newly Emerged Mutated Strains of SARS-
CoV-2

During the global transmission, the SARS-CoV-2
has been mutated several times, leading to the emer-
gence of a new strain of the virus called “SARS-CoV-2
VUI 202012/01”. Since November 2020, a hike has
been reported in the number of cases in London, ac-
counting for around 60%. This novel strain has been
developed through an array of multiple spike protein
mutations, including 14 non-synonymous amino acid

[AA] altering mutations, six synonymous non-AA al-
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tering mutations, and three deletions. These are dou-
ble deletion 69-70, deletion 144, the combination of
N501Y, A570D, D614G in S protein, P681H, T716],
S982A, and D1118H (ECDC, 2020, December 21).
The mutation N501Y is foremost and is located with-
in the receptor-binding domain. It can stimulate the
binding of S protein with ACE 2 receptors. It has been
reported that this strain binds more tenaciously to
the human ACE 2 receptor (CDC, 2020, December
29). Therefore, this strain can rapidly evade the host
immune response by increasing binding sites and al-
tering the surface structures recognized by antibodies
(Volz et al., 2020). These unprecedented mutations
make this variant 40-70% more rapidly transmitta-
ble than the other circulating strains of SARS-CoV-2
(Singh et al.,, 2021). A surge has been observed in the
number of cases in South Africa due to the epiphany
of another mutated SARS- CoV- 2 strain called 501.
V2.1t is a matter of concern as the 501.V2 changes the
shape of spike protein for better binding to the host
cells, consequently rendering more contagious infec-
tion (Porterfield, 2021). This strain has shown two
different mutations i.e., E484K and K417N (Ellyatt,
2021). Lately, scientists at Ohio State University have
identified a new strain identical to the UK and South
African strain. The variant is named COH.20G/501Y
and is highly prevalent in Columbus. It has resulted
from three mutations and is highly contagious (Wex-
ner Medical Center, 2021).

Clinical Presentation and Diagnosis of the Dis-

ease

The spectrum of COVID-19 presentations var-
ies from mild flu-like symptoms to life-threatening
conditions like organ failure. This disease has shown
potential comorbidities in young adults, unlike sea-
sonal influenza and pneumonia. The symptoms may
emerge 2 to 14 days after the infection. However,
Chinese researchers claim the incubation period to be
an average of 5.2 days (Li et al., 2020). The most com-
mon symptoms reported on the onset of COVID-19

were fever, cough, and fatigue, while other symptoms
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include sputum production, dyspnoea, headache,
hemoptysis, lymphopenia, and diarrhea (Huang et
al., 2020). Older people, kids, and patients having
severe health complications like lung diseases, heart
diseases, diabetes, and cancer are more vulnerable to
the infection as compared to adults. However, some
detrimental anomalies may prove to be lethal such
as RNAaemia, acute respiratory distress syndrome,
acute cardiac injury, and incidence of grand-glass
opacities in subpleural regions of both lungs. In such
cases, treatment may not be effective and neurological
indications, ischemic and hemorrhagic strokes, and

muscle injury may be ascertained (Mao et al., 2020).

The
COVID-19 include detection of the virus by tech-

niques like a polymerase chain reaction or deep

current methods of examination of

sequencing (Guo et al, 2020). Non-contrast chest
computed tomography [CT] scans can also be taken
into consideration for early diagnosis. Reverse tran-
scription-polymerase chain reaction [RT-PCR] is the
standard test for the detection of this virus. However,
the efficiency of these methods depends on the pres-
ence of viral genome at the site of sample collection.
Detection of antibodies, produced promptly after the
infection, particularly immunoglobulin M, can be
combined with polymerase chain reaction [PCR] to
augment detection sensitivity and accuracy. RT-PCR
is a genetically engineered in vitro technique used for
the detection of the viral genome. Globally, various
real-time RT-PCR protocols have been suggested for
the diagnosis of COVID-19. These protocols differ in
the genes they detect (Chu et al., 2020). However, the
core issue with the real-time RT-PCR test is the in-
duction of false-negative and false-positive results. It
is stated that many suspected cases with typical clin-
ical characteristics of COVID-19 and similar specific
CT images were not diagnosed (Wang et al., 2020).
Thus, a negative result does not eliminate the possibil-
ity of COVID-19 infection and should not be the only
paradigm for treatment or patient management deci-
sions. One of the reports from COVID-19 unveiled

a patient with fever, cough, and coarse breathing

sounds of both lungs and his sputum showed positive
RT-PCR results that confirmed the COVID-19 infec-
tion (Lei et al., 2020). The combination of real-time
RT-PCR and clinical features aids in managing the
SARS-CoV-2 outbreak (Xi et al., 2020). The results
from real-time RT-PCR using primers in different
genes can be affected by the variation of viral RNA
sequences. Gene variation and rapid transformation
of this novel coronavirus may result in false-negative
results. To avoid false-negative results, multiple target

gene amplification can be used.

Another method to detect COVID-19 is a sero-
logical test, also called the antibody test. It detects the
existence of the virus by identifying the presence of
specific proteins on the surface of the virus. Antibody
response to SARS-CoV-2 infection usually develops
after 7-14 days (Wolfel et al., 2020; Zhao et al., 2020).
Lately, serological enzyme-linked immunosorbent
assays were designed using recombinant antigens de-
rived from the spike protein of SARS-CoV-2, which
encouraged robust and scalable determination of se-
roconversion. This facilitates the screening of individ-
uals who may experience evidence of past infection
(Amanat et al., 2020). Due to an alarming spike in the
number of cases every day, proficient testing kits are

required.
Prevention and Management of the Disease

Prevention and management of the disease are
the two essential tools in the fight against COVID-19.
Collaborative measures of public and government are
needed to eradicate this disease from its root. Clean-
liness and sanitation are essential measures that are
highly recommended. Domestic disinfectants may
control the growth of the virus on the surfaces. The
use of sanitizers and soaps for washing hands is highly
recommended. People should wear a mask in public
places and should maintain social distancing. Isola-
tion becomes a necessary step as this virus is highly
infectious and can spread very fast. Isolation alludes
to the segregation of infected individuals from healthy

ones. All the suspected patients in the containment
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zones are hospitalized and kept in isolation under
keen observation until they are tested negative. Pa-
tients who are tested positive for COVID-19 are hos-
pitalized until two of their samples are tested negative.

Treatment Options

There is no specific treatment strategy that has

shown complete efficacy in the treatment of this ca-

lamity but still, some treatment options have been
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tried that can be used in the management of this dis-

ease.
Allopathy
COVID-19 is a highly contagious virus that

spreads from person to person. There are not many
treatment options for this disease because there are
no specific antiviral drugs or vaccines effective against
COVID-19 infection.
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Figure 3. Mechanism of action of various allopathic drugs in the treatment of COVID-19.

One of the approaches to treat this dreadful dis-
ease is the use of broad-spectrum antiviral drugs like
nucleoside analogs and HIV-protease inhibitors (Lu
et al.,, 2020). The treatment regime that has been used
showed that 75 patients were administrated current-
ly available antiviral drugs. The therapy included oral
administration of 75 mg Oseltamivir, 500 mg Lopina-
vir, 500 mg Ritonavir twice a day and the intravenous
administration of 0.25 g Ganciclovir for 3-14 days.

Previously used drugs in the treatment of SARS-CoV
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and MERS-CoV, such as a combination of Lopina-
vir and Ritonavir are also found to be effective (Chu
et al., 2004; Momattin et al., 2019). Another report
showed that a combination of anti-malarial drugs i.e.,
Chloroquine and antiviral drug Remdesivir are also
effective. Concomitant therapy of Hydrochloroquine
and Azithromycin decreased viral burden (Rajaiah et
al., 2020). A study conducted at Bichat-Claude Ber-
nard University Hospital, Paris, France, on the com-

passionate use of Remdesivir in treating COVID-19
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reported lucrative results. Complications were re-
ported in patients with advanced disease stages
during infusion of Remdesivir (Dubert et al., 2020).
EIDD-2801 have shown high therapeutic potential
against seasonal viral infections and can be used as
another potential drug in the treatment of COVID-19
(Toots et al., 2019). Lately, few patients infected
with COVID-19 were treated with combined ther-
apy of 200 mg Lopinavir and 50 mg Ritonavir twice
a day and a combination of Oseltamivir and Chlo-
roquine at Sawai Man Singh Hospital, Jaipur, India,
and were then tested negative for the COVID-19 in-
fection (Chattopadhyay, 2020). A study reported the
effects of Favipiravir vs Lopinavir/ Ritonavir against
COVID-19 in a non-randomized clinical trial. In this
trial, 35 patients were treated with Favipiravir, and 45
patients were treated with Lopinavir/ Ritonavir for 14
days. It was inferred that Favipiravir was more effec-
tive than Lopinavir/ Ritonavir, with a lower incidence
of viral load and higher rates of improvement in chest
imaging (Cai et al., 2020). The most acceptable way
to treat this disease is vaccination. Therefore, vac-
cines are being processed, and some are at the stage
of clinical trials. Recently, a randomized, controlled
clinical trial in the United Kingdom has found that
a commonly used steroid, Dexamethasone effectively
saved the lives of people who were seriously ill with
COVID-19. Dexamethasone has been shown to cut
deaths by about one-third in patients on ventilators
because of coronavirus infection. Immunomodulato-
ry drugs such as Tocilizumab can be used as another
management strategy in treating COVID-19 patients
with the risk of cytokine storms (Luo et al., 2020). JAK
inhibitors like Ruxolitinib and Baricitinib demon-
strate both anti-inflammatory and antiviral effects
and can be used as a treatment option (Mehta et al.,
2020). Figure 3 illustrates the mechanism of action of

various allopathic drugs (Ojha et al., 2021).
Unani

Unani medicines or plant-based medicines are

non-toxic with lesser side effects. The Unani system

is a traditional medicine system that is being explored
for providing preventive, supportive, and rehabilita-
tive care to patients. Different plants such as Glycyrrhi-
za glabra, Allium cepa, Allium sativum, Curcuma lon-
ga, Ocimum sanctum, Ocimum tenuiflorum, Daucus
maritimus, etc. are effective against viral infections.
The decoction of these drugs along with lemon juice
and honey was found to be effective against cough
and cold (Bano et al., 2013; Fatima et al., 2016; Ghoke
et al., 2018; Hashemipour et al., 2014; Konowalchuk
and Speirs, 1978; Miladi et al., 2012; Omer et al., 2014;
Praditya et al., 2019). An in vitro activity of the plant
Glycyrrhiza glabra was determined and it showed ac-
tivity against several viruses including SARS-related
coronavirus, HIV-1, and respiratory syncytial virus
(Fiore et al., 2008). This plant is also effective against
various viruses like Influenza A virus [IAV], Human
immune virus [HIV], and SARS-associated coro-
navirus (Anagha et al., 2014). On January 29, 2020,
the Government of India released a recommenda-
tion based on Indian traditional medicine practices
Ayurveda, Homeopathy, and Unani, New Delhi. The
advisory includes the ways of preventive management

and described a list of some Unani medicines.
Homeopathy

Homeopathy is another efficient therapeutic
method in the management and treatment of various
diseases. Homeopathic treatment is advantageous as
medicine has not to wait until the pathology’s cause is
found, unlike other treatment options. Therefore, the
treatment can be immediate and beneficial for the pa-
tient (Kalliantas et al., 2020). According to the Ayurve-
da, Yoga and Naturopathy, Unani, Siddha, and Ho-
meopathy [AYUSH] ministry of India, homeopathic
medicine Arsenicum album-30 can be administered
in the fasted state daily for three days as a prophylac-
tic medicine against the infection. It is highly diluted
arsenic trioxide and acts as homeopathic prophylax-
is. It targets HT29 cells and human macrophages and
thus, reduces NF-kB hyperactivity i.e., decreased ex-
pression of reporter gene GFP in transfecting HT29

cells and TNF-a release in macrophages (Bellavite,
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2015). As it is not clinically documented that Arse-
nic album-30 medicine is an effective medicine, it has
been criticized by many researchers as pseudoscience.
In a clinical trial data from Homeopathy Research In-
stitute, Hong Kong represented 18 people in 6 groups
with homeopathic medication. Group one had a fe-
male of age 62 who was treated with Bryoniaalb 30C.
The other groups had age groups from 18 to 49 and
were successfully treated with Bryoniaalb 30C, Gel-
semium 30C, Arsenicumalb 30C, and Eupatorium
perforatum 30C. All these drugs showed promising
effects in the treatment of COVID-19 (Haque et al.,
2020).

Plasma from convalescent patients

Convalescent plasma [CP] is a provisional ap-
proach for treatment until hyperimmune globulin,
drug therapies, and vaccines are available. It has been
successfully employed during other coronaviruses
outbreaks. Therefore, it is established as the first op-
tion in the current situation. The treatment with CP is
acquired by using extracorporeal therapy. The plasma
of the infected patients is transfused with the plasma
obtained from the survivors with the prior infection
that contains antibodies against the causative agent
of the disease. These antibodies provide passive im-
munity to the patient by identifying and neutralizing
the viral entities (Burnouf and Seghatchian, 2014).
A study depicted SARS-CoV-2 specific antibody ti-
ters ranging between 1.800 and 16.200, and neutral-
izing antibodies [Nabs] titers between 80 and 480 in
the plasma obtained from the recovered patients of
COVID-19, which was infused into the infected pa-
tient that reduced the viral load (Shen et al., 2020).

Immunity development

Strong immunity is a crucial weapon in the fight
against COVID-19. Both innate and adaptive im-
mune systems are triggered by the invasion of SARS-
CoV. The expression of interferon type 1 [IFN-1] is
inhibited, followed by inhibition of phosphorylation
of signal transducer and activator of transcription 1
[STAT-1] (de Wit et al, 2016). The third defensive re-
sponse is the immune system enervation through ex-
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cessive and prolonged IFN-1 production by plasma-
cytoid dendritic cells [pDCs]. This further leads to an
entry of neutrophils, inflammatory monocytes, and
macrophages which results in inflammation of the
lungs (Prompetchara et al, 2020). A high death rate
is observed in older people, probably due to weak im-
munity, which leads to faster progress of COVID-19
(Li et al., 2005). Intake of vitamin C-rich food such as
citrus fruits is recommended. Giloy [Tinosporacordi-
folia], Ashwagandha [Withaniasomnifera], and Tulsi
[Ocimum sanctum] are some of the plants which boost
up the immunity and can avenge against COVID-19
by hindering the action of protease M or 3CIr. The
primary chemical constituents of Giloy e.g., Berber-
ine, B-Sitosterol, Coline, Tetrahydropalmatine, and
Octacosanol, can be used against SARS-CoV-2. These
compounds target the main protease enzyme that is
crucial for virus replication (Chowdhury, 2020). Two
compounds, namely Withanoside V and Somnifer-
ine, can significantly bind to SARS-CoV-2 Mr~and
can inhibit it. Dihydrodieuginol B and Tulsinol A, B,
C, D, E, E G are the main constituents of Tulsi that
have potentially inhibit the protease enzyme (Shree et
al., 2020). It is also advisable to take zinc and iodine
supplements. Therefore, it is essential to boost our im-
mune system, and hence, the use of immune system
boosters should be practiced.

Vaccine research and development

The COVID-19 outbreak is a stark reminder of
the ongoing challenge of vaccine development. Ro-
bust actions are needed in research and development
[R&D] of vaccines to eradicate this disease. The spike
protein of the SARS-CoV-2 is the primary target of
the vaccine because this can produce neutralizing an-
tibodies that can directly block the virus from infect-
ing healthy cells. According to the global COVID-19
vaccine R&D landscape, about 115 vaccine candi-
dates are there. Out of which, 78 are confirmed, and
37 are unconfirmed. Out of 78 approved candidates,
73 are active and are currently at exploratory or pre-
clinical stages. Some of the candidates like mRNA-
1273 from Moderna, Ad5-nCoV from CanSino
Biologicals, INO-4800 from Inovio, and LV-SMENP-
DC and pathogen-specific aAPC from Shenzhen Ge-
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no-Immune Medical Institute are at the clinical stage

of vaccine development (Thanh et al., 2020).

A striking feature of the vaccine development
landscape for COVID-19 is the multiple strategies
that have been employed to generate SARS-COV-2
vaccines, including DNA- and RNA-based vaccines,
viral vector vaccines, inactivated virus vaccines,
live-attenuated virus vaccines, and recombinant pro-
tein vaccines. Recently, the Russian government an-
nounced that the country has developed and approved
the world’s first SARS-CoV-2 vaccine. Gamaleya Re-
search Institute of Epidemiology and Microbiology,
Moscow developed the vaccine against COVID-19
named Sputnik V. Sputnik V uses adenoviruses like
Ad5 and Ad26 viral vector to deliver the gene for the
SARS-CoV-2 spike protein. These are administered
in two shots, i.e, loaded” Ad26 vector is distributed
in the first dose, and the ‘loaded’ Ad5 vector follows
in a second dose after 21 days. This double-vector
approach of vaccine administration is quite advanta-
geous as the first dose develops antibodies against the
Ad26 serotype. The second dose uses an Ad5 serotype
as a vector to enhance the immune response of the
body (Dobrovidova, 2020).

A similar approach has been used by the Univer-
sity of Oxford and AstraZeneca, but with a different
adenovirus vector which is a chimp vector-like Ch-
AdOx. These adenovirus vectors can cause severe

infections such as acute respiratory infections, fever,

Table 1. List of approved vaccines.

and diarrhea in humans. The primary issue regarding
this vaccine is that it has not yet undergone phase III
clinical trials. The lack of accurate data about phase
I and II trials exacerbates the cynicism about the
safety and eflicacy of the vaccine (Caddy, 2020). The
m-RNA based BNT162b2 was found to be 95% effec-
tive. A comparative study, where four vaccines nam-
ing Moderna, AstraZeneca/Oxford, Pfizer/BioNtech,
and SputnikV were evaluated and compared for their
efficacy and safety. The Moderna, AstraZeneca/Ox-
ford, and Pfizer/BioNtech vaccines seemed effective
in preventing COVID-19. No evidence for the ability
of the Sputnik V vaccine is published yet. All four vac-
cines were safe with minor side effects such as head-
ache, joint pain, fatigue, and fever (De and Joseph,
2020). Recently, severe anaphylaxis has been reported
in patients who have received the Pfizer and Mod-
erna [mRNA vaccine] vaccines. A report stated the
mortality of 29 frail aged persons with serious health
problems inoculated with the BNT162b2. Common
adverse effects like nausea, diarrhea, and fever were
observed (Torjesen, 2021). These vaccines, therefore,
may lead to severe consequences and are too risky
for the elderly. Covaxin is an inactivated vaccine de-
veloped by Bharat Biotech. It is found to be effective
against the UK variant of SARS-CoV-2 (Sakpal et al.,
2021). A list of vaccine candidates approved and vac-
cines still under development are mentioned in Table
1 and Table 2, respectively (Regulatory affairs profes-
sional society, 2021, January 14).

S.No | Candidate Type of vaccine Sponsor

1 BNT162b2 mRNA-based vaccine Pfizer; BioNTech

2 Covaxin Inactivated vaccine Bharat Biotech; National Institute of Virology

3 m-RNA-1273 mRNA-based vaccine Moderna

4 Corona Vac Inactivated vaccine (formalin with album adjuvant) | Sinovac

5 BBIBP-Cor V Inactivated vaccine Beijing Institute of Biological Products; China
National Pharmaceutical Group (Sinopharm)

6 EpiVacCorona | Peptide vaccine Federal Budgetary Research Institution State Re-
search Center of Virology and Biotechnology

7 Sputnik V Non-replicating viral vector Gamaleya Research Institute, Acellena Contract
Drug Research, and Development
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Table 2. List of vaccines under clinical trials.

S.No | Candidate Mechanism Trial phase | Sponsor
1 AZD1222 Replication-deficient viral Phase 3 The University of Oxford; AstraZeneca; IQVIA; Serum
vector vaccine Institute of India

2 Ad5-nCoV Recombinant vaccine Phase 3 CanSino Biologics
(Convidicea)

3 JNJ-78436735 Non-replicating viral vector | Phase 3 Johnson&Johnson

4 NVX-CoV2373 Nanoparticle vaccine Phase 3 Novavax

5 INO-4800 DNA vaccine (plasmid) Phase 2/3 Inovio Pharmaceuticals

6 Bacillus Calmette Live-attenuated vaccine Phase 2/3 | The University of Melbourne and Murdoch Children’s
Guerin (BCG) Research Institute; Radboud University Medical Cen-
vaccine ter; Faustman Lab at Massachusetts General Hospital

7 VIR-7831 Plant-based adjuvant vaccine | Phase 2/3 Medicago; GSK; Dynavax

8 ZyCoV-D DNA vaccine (plasmid) Phase 2 Zydus Cadila

9 AGO0301-COVID19 | DNA vaccine Phase % AnGes, Inc.

Future Perspectives CONEFLICT OF INTEREST

WHO has declared COVID-19 as a pandemic
as it is spreading at a frenetic pace and has affected
millions of people globally. Comprehensive measures
are needed to repress the outbreak of COVID-19
and to obstruct the person-to-person transmission.
To prevent the spread of this disease, social distanc-
ing should be practiced. Preventive measures and
health care guidelines for the public and health care
workers have been reported by WHO to manage
this pernicious disease. This virus is rapidly mutat-
ing and emerging into a more infectious pathogen.
COVID-19 is culminating in a massive transforma-
tion in every sector of life. The worst-case scenario
is that numerous industries and governments have
succumbed to its effects, due to which a multitude of
people have lost their livelihoods. In the best-case sce-
nario, this crisis has also presented an opportunity for
more flexible and prudent technology use. Also, this
pandemic has led to a tremendous patient workload
that makes healthcare providers prone to burnout and
depression. Therefore, telemedicine has lingered as a
cost controlling and high convenience system. Being
a pandemic, COVID-19 is not easy to eradicate, so ex-
tensive research is mandatory to combat this deadly

disease.
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Coziiniirliigii Diisiik Olan Etken Maddeler I¢in
Farmasotik Yaklagimlar ve Aprepitantin Coziiniirliigii
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Pharmaceutical Approaches for Low Solubility Agents and
Solubility of Aprepitant

SUMMARY

Advances in rechnology have broken new ground in the area of
new active pharmaceutical ingredients discovery. Although the
number of newly discovered active ingredients increases, only a _few
of them manage to survive for further development. Even if some of
the discovered active ingredients have appropriate pharmacological
activity, they are eliminated in the early stages of drug development
due to their undesired physicochemical properties. Most of the time low
solubility leads to bioavailability problems. Increasing the solubility
and hence bioavailability of an active pharmaceutical ingredient is
an integral part of pharmaceutical technology and development. In
the first part of this review, information about the methods that can
be used to increase the solubility is given. In the second part, studies
aiming to increase the solubility of aprepitant, a low-solubility active
ingredient, are discussed.

Key Words: Solubility, Bioavailability, Solubility Enbhancement
Techniques, Particle Size Reduction, Solid Dispersions, Aprepitant

Ciziiniirliigii Diigiik Olan Etken Maddeler Igin Farmasitik
Yaklagimlar ve Aprepitantin Coziiniirligii

0z

Gelisen teknoloji yeni etken maddelerin tasarlanmas: ve kesfedilmesi
konularinda ¢ag atlanmasinz saglamsnr. Her ne kadar yeni bulunan
etken madde sayss: artsa da bunlarin cok az bir kismz gelistirilmeye
deger olarak  secenekler arasinda  kalmay:  basarabilmektedir.
Kegfedilen bazi etken maddeler wygun farmakolojik aktiviteye sahip
olsa dahi, wygun olmayan fizikokimyasal ozellikleri nedeniyle ilag
gelistirme  basamaklarimin daha ilk asamalarmda  elenmektedir.
Gelistirilmeye devam edildiklerinde ise ilerleyen asamalarda diisitk
biyoyararlanim sorunlars ile karsilagilmakiadsr. Cogu zaman, goriilen
biyoyararlamam  sorunlarinin temelindeki neden etken maddenin
coztiniirligiiniin diigiik olmasidir. Bu izellikieki etken maddelerin
coziiniirliiklerinin ve dolayiszyla biyoyararlanimlarinm artwirdmast
Jarmasitik teknolojideki calima alanlarimin onemli bir boliimiinii
kapsamaktadsr. Bu derleme calismasinin ilk boliimiinde ¢oziindirliigii
diigiik etken maddelerin ¢oziiniirliigiinii arttirmada kullanilabilecek
yontemlerle ilgili bilgiler verilmis, ikinci kismunda ise ¢oziiniirliigii
diigiik bir etken madde olan aprepitannin coziimiirliigiinii arttirma
hedefli calismalar ele almmisnr.

Anabtar kelimeler: Coziiniirliik, Biyoyararlanim, Coziiniirliik
Artirma  Teknikleri,  Partikiil  Boyutw  Kiigiiltme, Kati
Dispersiyonlar, Aprepitant
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GIRIS

Gliniimiizde ilag uygulamasinin en basit, hizli ve
tercih edilen sekli ilaglarin oral yoldan verilmesidir.
Hasta agisindan distintildéigiinde bir ilacin kolayca
yutularak alinmasi oldukga rahattir. Diger yollar ile
kiyaslandiginda oral uygulamada hastanin tedavi-
ye olan uyuncu daha yiiksek oldugundan tedavinin
basar1 sans1 artmaktadir (Jaskirat, Manpreet, & Ha-
rikumar, 2013). Oral dozaj formlarmnin digerlerine
gore ¢ok sayida ustiinliigi bulunmakla birlikte et-
ken maddelerin gastrointestinal sistem sivilarindaki
¢oztintrligiiniin diisiik olmasi oral uygulamadaki
en biiyiik engellerdendir (Kurmi, 2016). Farmasotik
kimyada ve ytiksek hizli ila¢ tarama teknolojilerinde-
ki gelismeler, etken maddelerin kesfi siirecinde ¢ig1r
acmig, uygun farmakolojik aktiviteye sahip ¢ok sayida
molekil gelistirilmistir. Ancak bu molekiillerin ¢ogu
yiiksek lipofiliklik, diisiik su ¢oziniirligi ve yliksek
molekiiler agirlik gibi istenmeyen cesitli fizikokimya-
sal 6zelliklere sahiptir (Bajaj, 2012). Son yillarda, tera-
potik etkisi yliksek, fakat su ¢ozlintirligii diisiik olan
etken maddelerin toplam ilaglarin yaklasik % 25-40
oldugu tahmin edilmektedir. Zayif ¢oziiniirliik, gast-
rointestinal sistemde absorpsiyonu diisiiriir ve sonug
olarak bu ilac¢larin klinik kullanimlarini sinirlandirir
(Bikiaris, 2011). Dolayisiyla bunlarin ilag¢ olarak kul-
lanilabilmeleri i¢in uygun formiilasyonlarinin hazir-
lanmasi ilag endiistrisi i¢in olduk¢a zorlu bir siireg
olmaktadir (Kurmi, 2016).

Cozuniirlik belirli bir miktardaki ¢6ziiciide ¢ozii-
nen maksimum madde miktari olarak tanimlanir. Sa-
yisal olarak belirli bir sicakliktaki doygun ¢6zeltinin
konsantrasyonunun bulunmasiyla belirlenir. Tablo
I'de ¢ozunurliikle ilgili cesitli tanimlamalar verilmis-
tir (Verma, 2011).

Kesin bir limit olarak kabul edilmemekle bir-
likte ¢oziiniirlik %1’in (10mg/mL) altina indikee
etken maddenin farmakolojik etkisini gostermesi
gliclesmektedir (P. Sharma, 2012). 37 °Cde pH 1-7
araliginda su ¢oziinirligi 10mg/mlnin altinda olan

ilaglar potansiyel biyoyararlanim problemleri goste-
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rirler (Semalty, 2014). Sudaki diigiik ¢6ztuntrlik, te-
mel olarak ytiksek lipofiliklik ve yavas ¢6ziinmeye yol
acan giiglii molekiiller aras1 kuvvetler olmak tizere iki

onemli parametreye baghdir (Seo, 2003).

flag ¢oztintirliigiiniin farmasétik teknoloji agisin-
dan 6nemi, ilacin ancak ¢6ziinmiis halde emilebil-
mesinin miimkiin olmasindandir. Cozuniirlik basa-
magi ilacin oral biyoyararlanimi agisindan en 6nemli
basamaklardan biridir (S. K. Patil, 2011). Ayrica su
¢oztinirlagii diisiik olan ilaglarin farmakokinetik pa-
rametreleri genellikle birey ici ve bireyler arasi biiyiik
degiskenlik gosterir. Bu durum ilag gelistirmede Faz
I caligmalarinin tasarlanmasini ve yiriitiilmesini ¢ok
zorlastirir. Doz-yanit egrilerinin degerlendirilmesi,
doz onerisi ve optimizasyonunun yapilmasi zorlasir.
Suda ¢6ziinmeyen ilaglar genellikle gida-ilag etkilesi-
mi gibi ilag etkilesimleri i¢in de daha yiiksek egilime
sahiptir. Tum bu durumlar terapétik penceresi dar
olan ilaglar i¢in daha da 6nemli bir problem haline
gelir (S. Jain, 2012).

Tablo 1. Coziiniirlik Tanimlamast (EP7.0, 2010;
USP30-NF25, 2007)

Tanim 1 birim ¢oziinen igin gereken ¢oziicii
Cok ¢oziiniir <1
Serbestge ¢oztiniir 1-10
Cozlintir 10-30
Eser miktarda ¢oziinir 30-100
Az ¢ozlinlir 100-1.000
Cok az ¢oziiniir 1.000-10.000
Coziinmez >10.000

Coziinme olayi, ¢oziinen madde i¢indeki iyonlar
aras1 veya molekiiller arasi baglarin kirilmasini, ¢ozii-
cii iginde bosluk saglamak i¢in ¢6ziicii molekiillerinin
ayrilmasini ve ¢oziicti ile ¢oztinen molekiil veya iyon
arasindaki etkilesimi igerir (A. N. Patil, 2017).

flaglar ¢oziiniirlitklerine ve membran gegirgen-
liklerine goére Biyofarmasoétik Smniflandirma Sistemi
(BCS) adi altinda gruplara ayrilmistir. Bu siniflandir-
ma sistemi dort alt siniftan olusmaktadir. Smiflarin
ozellikleri Tablo 2'de gosterilmigtir. Ozellikle simif I

ve sinif IV’te bulunan ilaglarin gastrointestinal sis-
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temdeki ¢oziiniirliklerinin ve ¢6ziinme hizlarinin
artirllmasi biyoyararlanimlarinin artmasini saglaya-
bilmektedir (Kawabata, 2011).

Tablo 2. BCS siniflandirma sistemi (Kawabata, 2011)

BCS Sinifi Coziiniirliik Gegirgenlik
I Yiiksek Yiiksek
11 Dugiik Yiiksek
111 Yiiksek Distik
v Diisitk Digiik

BCS’ye gore ilacin kullanimdaki en yiiksek dozu,
pH 1-7,5 araliginda 250mL suda ¢oziinebiliyorsa ila¢
yuksek ¢ozunirlikly, ilacin emilimi verilen dozun
%90’1indan biiyiik ise de ilacin yiiksek gecirgenlige sa-
hip oldugu kabul edilir. Ayrica ilacin etiket dozunun
%85’inden fazlasi 30 dakika i¢inde ¢6ziiniiyorsa ilacin
hizla ¢6ziindtigii kabul edilir (Kawabata et al., 2011).
Coéziinme hiz1 kavrami Noyes-Whitney esitligi (1) ile
aciklanabilir (D. Horter & Dressman, 2001).

%: A}'LDJ)(CS_C) (1)

dC/dt = ¢oziinme hizi,

A=yiizey alam, D=¢oziinen maddenin difiizyon sabiti,

h=difiizyon yiizeyi katmaninin kalinhg,
Cs=¢oziintirliik, C=herhangi bir t anindaki konsantrasyon

Denklemden gérindiagi gibi ¢oziiniirlik (Cs),
halihazirda ¢6ziinmiis ilag konsantrasyonu (C), diftiz-
yon tabakasinin kalinlig1 (h), ¢6ziinmenin gergekles-
tigi ylizey alani (A) ve difiizyon katsayisi (D) ¢oziinme
hiz1 i¢in kritik faktorlerdir (D. Horter ve Dressman,
2001). Coziinme olay: sink kosulda gerceklestiginde
Cs degeri C'ye gore ok daha biiyiik olacaktir. lag mo-
lekiillerinin sudaki difiizyon katsayisi goreceli olarak
yiksektir ve diftizyon katmaninin kalinhigini in vivo
ortamda degistirmek miimkiin degildir. Bu nedenle
formiilasyon stratejileri ¢oziiniirliigii veya ytizey ala-
nint artirmaya odaklidir (S. Jain, 2015). Coziinme
hizi genellikle bir ilacin emiliminde hiz kisitlayic
oldugundan ilacin 1slanabilme 6zelliginin ve yiizey

alaninin artis1 biyoyararlanimin iyilesmesi saglar (Jas-

kirat, 2013). laglarin ¢éziiniirliigii (Cs), partikiil bo-
yutu, sicaklik, basing, ¢oziicli ve ¢oziinen maddenin
kimyasal yapisi, molekiil boyutu, molekiiliin polari-
tesi, polimorfizm gibi ozelliklerden etkilenir (Kurmi,
2016; A. N. Patil, 2017; S. K. Patil, 2011).

1. Coziiniirliigii artirmada kullanilan yaklasimlar

Sudaki ¢Oziiniirligii zayif olan ilaglarin ¢ozii-
nirliglint ve ¢éztinme hizini iyilestirmek i¢in farkh
yaklasimlar bulunmaktadir. Bu yaklagimlar genel-
likle ytizey alanini artirmak i¢in partikiil boyutunun
kiiciltiilmesi, yiizey etken maddelerin kullanilma-
s1, suda ¢oziinir komplekslerin hazirlanmasi, etken
maddenin kristal yapisinin degistirilmesi, 6n ilag veya
ilacin tuz formlar: gibi etken maddede kimyasal mo-
difikasyonlar yapilmas: gibi yaklasimlar icerir (Biki-
aris, 2011).

[laglarin  ¢oziiniirliigiinii artirmada kullanilan

teknikler Sekil 1'de 6zetlenmistir.

Mlaglarin  ¢oziiniirliigiinii arttirmada kullanilan

tekniklere ait bilgiler asagida 6zetlenmistir.
1.1. On Ilag Olugturma

Viicutta bazi kimyasal veya biyolojik déniigtimler
gecirerek farmakolojik olarak aktif bilesige doniisen
ilaglar 6n ilag olarak tanimlanmaktadir. On ilaglarin
kendisi genellikle farmakolojik olarak inaktif bilesik-
lerdir (Hussain & Rytting, 1974). Bu yontem ¢6ziiniir-
ligii, metabolik stabiliteyi, gegirgenligi artirmak ve
toksisiteyi azaltmak i¢in yaygin olarak kullanilmakta-
dir. On ilag hazirlama stratejisi, ya polar kisim ilave-
siyle (fosfat veya ester gruplari gibi) ya da aktif ilacin
kristal yapisindaki degisikliklerle gergeklestirilir (S.
Jain et al., 2015). Ornegin valgansiklovir ve valasik-
lovir sirasiyla gansiklovir ve asiklovirin valin esterle-
ridir. Fosaprepitant aprepitantin fosfatlanmig tiirevi
olup intravendz (I.V.) olarak kullanim i¢in gelistiril-
mistir. On ila¢ yaklagimi kullanilarak ana ilaglarin ¢6-
ziiniirliiklerinde ve dolayisiyla biyoyararlanimlarinda
artis elde edilmistir (S. Jain et al., 2015; Lasseter et al.,
2007).
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Kimyasal Coziiciide Fiziksel Diser
modifikasyon degisiklikler modifikasyon s
+ On-ilag  pH ayarlamas1 o Coziiniir « Farkh
* Tuz olusturma » Kosolvan polimorflarm nanoteknolojik
« Ko-kristalizasyon kullanim1 kullanim1 yak]a@mlar
(Birlikte * Miselizasyon * Pordz yapilara (konjugatlar vb.)
kristallendirme) « Hidrotropi yiikleme * Miseller
* Partikiil boyutu * Mikro-
kiigiiltme emiilsiyonlar
(Mikronizasyon, ¢ Nano-
Nanostispansiyon) emiilsiyonlar
* Fiziksel * Lipozomlar
kompleksler o Amfifilik
Eisﬂ(g)Qeks)tr in, polimerler
endrimer -
» Kati1 dagihimlar %SIIEI{I)TaslleI]ar
(amorf yapilar)

Sekil 1. Cozlinilirligli Artirmada Kullanilan Teknikler

1.2. Tuz Olusturma

Asidik veya bazik yapili ilaglarin ¢oziinirligi-
nii artirmada kullanilabilecek en basit ve etkili yon-
temlerdendir. Asidik veya bazik ilaglarin tuzlari, ge-
nel olarak, karsilik gelen asit veya baz formlarindan
daha yiiksek ¢ozliniirlige sahiptir. Dolayisiyla ilag
molekillii tuzuna ¢evrilerek ¢oztintrlugi artirilabi-
lir. Ornegin fenobarbital - fenobarbital sodyum (S.
K. Patil, 2011; Zaheer, 2011). 1995’ten 2006’ya kadar
Birlegik Devletler Gida ve ilag Dairesi (FDA) tarafin-
dan onaylanan yaklagik 300 yeni kimyasal olusumdan
120%i tuz formunda bulunmaktadir (Tao, Zhao, Wu,
& Zhou, 2009).

1.3. Ko-kristalizasyon

Ko-kristaller iki veya daha fazla sayida kristal
yapinin kovalent olmayan baglarla bir arada tutul-
mastyla elde edilir (Korotkova & Kratochvil, 2014).
Bunlar ayni zamanda molekiiler kompleksler olarak
da isimlendirilebilir (S. K. Patil, 2011). Ko-kristallerin
solvatlardan temel farki yapiy: olugturan molekiillerin
fiziksel halidir. Solvatlarda bu bilesenlerden biri sivi
biri kat1 haldeyken ko-kristallerde her ikisi de kati
halde bulunur (A. V. Yadav, 2009). Bu yontem ozellik-
le notral bilesiklerde tuz olusumuna alternatif olarak
kullanilabilecek bir yontemdir. Ayrica sinirh sayidaki
tuz olusturucu molekiile kiyasla genel olarak giivenli
olarak kabul edilen (GRAS) listesinde, hidrojen bag:
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olusturma islevine sahip ko-kristal olusturucu olarak
kullanabilen gok sayida molekiil mevcuttur (Sugand-
ha, 2014). Asit-amit, asit-piridin, amit-piridin gibi ce-
sitli fonksiyonel gruplarin etkilesimi ko-kristalizasyon

i¢in biiytik bir firsat sunar (Li, 2015).

Ko-kristaller ¢oziicli ugurulmasi, beraber 6giitme
gibi gesitli yontemlerle hazirlanir (S. K. Patil, 2011;
Savjani, 2012). Etken maddelerin ¢6ziiniirligiiniin
yaninda akigkanlik, yigin yogunlugu, sikistirilabilir-
lik, ufalanabilirlik, erime noktasi, higroskopik 6zel-
likleri gibi diger fizikokimyasal 6zelliklerini de ko-
kristalizasyon ile degistirmek miimkiindiir (Korotko-
va & Kratochvil, 2014). Sakarin, nikotinamid ve asetik
asit ko-kristalizasyon ajani olarak kullanilabilen mad-
delere ornek olarak verilebilir (Zaheer, 2011).

1.4. pH Ayarlamasi

Su ¢oziiniirligii disiik bir ilag molekiilii asidik
(proton verebilen) veya bazik (proton alabilen) kisim-
lara sahipse ortam pH’sinin degismesiyle ¢6ziiniirlitk
artirilabilir. Bu yontem kolayca uygulanabilir ancak
pH degisiminde (6rnegin gastrointestinal sistem bo-
yunca veya pH’s1 farkli ortamla seyrelme durumunda)
etken maddenin ¢okme ihtimali vardir. Ayrica fizyo-
lojik olmayan ug¢ pH degerlerinde lokal veya sistemik
toksisite riski, ilacin ¢oziinilir oldugu pH degerindeki
goriilebilecek stabilite problemleri de goz 6niinde bu-
lundurulmalidir (Vemula, 2010).
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1.5. Kosolvan Kullanimi

Suda diisiik ¢oziiniirliige sahip olan ilaglarin ¢ozii-
nurlikleri su ile karigabilen baska ¢oziiciiler ortama
eklendiginde genellikle artis gosterir. Bu ¢oziictiler
kosolvanlar veya yardima ¢oziiciiler olarak adlandi-
rilir. Farkli polietilen glikol cesitleri, propilen glikol,
gliserin ve etanol en sik kullanilan kosolvanlardir
(Zaheer, 2011). Farkli kosolvanlar birlikte kullanildik-
larinda sinerjist bir etki elde edilmesi de mtimkiindiir
(Seedher ve Agarwal, 2009). Ilag endiistrisinde sik
basvurulan, basit bir yontem olmakla birlikte 6nemli
bir dezavantaji vardir. Coziicli ortamin seyrelmesiy-
le ¢6zme kapasitesinde hizla azalma goriiliir. Bunun
sonucunda etken madde hizla ve kontrolsiizce ¢oker.
Suda distik ¢oziinirlikli bir ¢ok ilag i¢in tek bagina
bu teknik yeterli olmadigindan, ¢ogu zaman diger ¢o-
ziiniirliik artiric1 yontemlerle beraber kullanilir (Ve-
mula, 2010).

1.6. Misel Aracili Coziindiirme (Miselizasyon)

Yiizey etken maddeler polar ve nonpolar bolgeler
iceren, farmasdotik teknolojide ¢ok 6nemli bir yere
sahip olan molekiillerdir. Polar grubun yiikiine gore
anyonik, katyonik, zwitteryonik veya non-iyonik ola-
rak siniflandirilirlar (S. K. Patil, 2011). Eklendikleri
¢oziiciilerin yiizey gerilimlerini diigiirtirler. Diigiik
yiizey gerilimine sahip ¢ozeltilerde partikiillerin yii-
zey 1slanma Ozellikleri artacagindan ¢oziinirlitkte de

artig goriilir (Hammond, 2007).

Sulu ortamlarda yiizey etken maddeler misel ad1
verilen, i tarafi apolar, dis tarafi polar olan iki bolgeli
sistemler olusturlar. Surfaktanlarin konsantrasyonlari
kritik misel konsantrasyonunun {izerine ¢iktiginda
(bu deger ¢ogu surfaktan igin %0,05-0,10 arasindadir)
¢ozeltideki hidrofobik ilag molekiilleri miseller iceri-
sinde hapsedilir. Su ¢oziiniirliigi diisiik olan ilaglarin
¢ozliniirliigiinde artis gorillmesine sebep olan bu olay
miselizasyon veya misel aracili ¢6ziindiirme olarak

isimlendirilir (Vemula, 2010).

Misel aracili ¢oziindiirme, ¢oziintirliik artist sag-
lamada bilinen en eski ve etkili tekniklerinden biridir.
Kritik misel konsantrasyonu diisiik, biyolojik sistemle

uyumlu ve yiiksek ¢oziindiirme giiciine sahip noniyo-

nik ylizey etken maddelerin ortaya ¢ikis ile bu teknik
daha da 6nem kazanmstir. (Tayade ve Modi, 2007).

1.7. Hidrotropi

Hidrotropi ortama biiyiik miktarlarda ikinci bir
¢oziinen madde eklenmesinin asil ¢6ziilmek istenen
maddenin ¢6ziiniirliigiinde artis saglamasi prensibine
dayanan bir ¢oziindiirme islemidir. Hidrotrop kavra-
mu ilk kez 1916 yilinda Neuberg tarafindan, yiiksek
konsantrasyonlarda, suda az ¢oziinen maddelerin su
¢oztinirliigiind 6nemli dl¢lide artiran anyonik orga-
nik tuzlar1 belirtmek i¢in kullanilmigtir (Nidhi, 2011).
Coztintirligiin artmasindaki temel mekanizma ¢6-
ziinen maddenin hidrotropik ajanlarla etkilesimidir
(Vemula, 2010).

Hidrotrop maddeler minimum hidrotrop kon-
santrasyon iizerinde ¢ozelti igerisinde yeni mikro gev-
reler olusturur. Hidrotropik maddeler diger ¢6ztiniir-
likk artirict maddelerden farkli olarak 6zel geometrik
ozelliklere sahiptir. Ornegin orto, meta ve para izo-
merleri olan maddelerin hidrotropik 6zellikleri farkli-
lik gosterir. Bu durum hidrotropiyi tuzla (salt-in) veya
miseller aracilifiyla ¢oziindiirmeden farkl kilar (Ku-
mar, 2014). Hidrotrop maddeler hem hidrofilik hem
de hidrofobik bolgelere sahip olmakla birlikte misel
olusturamayacak kadar kii¢tiktiir (Kumar, 2014). Hid-
rotropik ¢ozeltiler, yiizey etken madde ¢ozeltileri gibi
kolloidal ozellikler gostermez ve hidrotropik ajan ile
¢Oziinen arasinda zayif bir etkilesim vardir. Baz tipik
hidrotroplar hidroksibenzenler, hidroksibenzoatlar
ve benzensiilfonatlardir. Bu yontemin miselizasyon,
kosolvan kullanimi, tuzla ¢ézlindiirme yontemleriyle
kiyaslandiginda en biiyiikk avantaji pHdan bagimsiz
olmasi, yiiksek secicilige sahip olmasi ve herhangi bir
emiilsifikasyona gerek duymamasidir (Nidhi, 2011).

1.8. Farkli Yapidaki Kristal (Polimorf) Kullanil-

masi

Polimorfizm, bir element veya bilesigin birden
fazla kristal formda kristallenme kabiliyetidir. Farkli
ilag polimorflar1 kimyasal olarak aynidir, ancak ¢ozii-
niirliikk, erime noktasi, yogunluk, doku, stabilite gibi
ozelliklerinde farkliliklar goriiliir, yani farkli fiziko-

kimyasal oOzellikler sergiler (Savjani, 2012). Amorf
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katilarin entalpi, entropi ve serbest enerjisi, kargilik
gelen kristal yapiya gore daha yiiksektir. Bu yiiksek
serbest enerji, ¢ozliniirlitkk ve ¢6ztinme hizinin artma-
s1 ile sonuglanir (Murdande, Pikal, Shanker, & Bog-
ner, 2010). Genel olarak, bir ilacin susuz kristal for-
mu, hidratlarindan daha fazla ¢oziinirlige sahiptir.
Bunun nedeni, hidratlarin halihazirda suyla etkilesim
halinde olmalar1 ve bu nedenle, su ile daha fazla et-
kilesim i¢in anhidratlara (termodinamik olarak daha
yiiksek enerjili) kiyasla kristal parcalanmasi i¢in daha
az enerjiye sahip olmalaridir. Metastabil kristal form-
lar da stabil polimorflara gore daha yiiksek enerjiye
ve dolayisiyla daha yiiksek ¢oztintirlige sahiptir. Bu
nedenle farkli kati ila¢ formlarimin ¢éziinme sirala-
mas1 amorf > metastabil polimorf > stabil polimorf
seklindedir (S. K. Patil, 2011). Ote yandan, amorf ka-

o
= 06%
etken q o
madde
<

pordz
adsorban

gt organik
¢coziicli goztct
ucurulur

tilar, kristallere gore fiziksel olarak kararsizdir. Amorf
ilaglarin kristallenmeye karst stabilitesi, farmasétik
gelistirme igin kritiktir ¢iinki kristalizasyon amorf

katilarin avantajlarini ortadan kaldirir (Qian, 2010).
1.9. Pordz Yapilara Yiikleme

Bu yontemde etken madde ¢ozeltisinin ¢oziiciisii
ucurularak etken maddenin partikiil boyutunun kii-
¢iilmiig bir halde adsorban tizerinde ¢6kmesi amagla-
nir. Kolloidal silikon dioksit, laktoz, mannitol, ¢esitli
nigasta tlirevleri, mikrokristal seliiloz, ¢esitli siiper da-
giticilar (primojel, Ac-Di-Sol, Kollidon CL, sodyum
nisasta glikolat) adsorban olarak kullanilabilir. Aym
zamanda bu yontemle tozun akigini da iyilestirmek
miimkiin olabilmektedir (S. Jain, 2012). Bu yéntemin

basamaklar: Sekil 2'de gosterilmistir.
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Sekil 2. Por6z yapilara yiiklemede islem basamaklar:

1.10. Partikiil Boyutunun Kiigiiltiilmesi

Biyoyararlanim 6ziinde ilag partikiil boyutu ile
dogrudan ilgilidir. Partikiil boyutunun kigiiltiilmesi
Sekil 3’te gosterildigi gibi toplam yiizey alanini arti-
racagindan ilacin ¢6ziinme hizini artirir. Partikiillerin
geleneksel yontemlerle kiigiiltilmesi igin gesitli degir-
menler (jet degirmenler, rotor-stator kolloid degir-
menleri) mevcuttur (Vemula, 2010). Bu yontemlerle
ancak 2-5um seviyelerine inilebilmekte olup bu sevi-
yeler ¢oziintirliigiin artirilabilmesi icin yeterli degildir
(Branham, 2012). Ilag molekiillerinin nano boyuta
getirilmesinde ¢oktiirme teknikleri, bilyali (zirkon-
yum, cam veya polistirenden yapilmis) veya yiiksek
hizli degirmenlerde 6giitme, yiiksek basinglt homoje-

nizasyon gibi yontemler kullanilabilir (Savjani, 2012).
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Giintimiizde nanosiispansiyon/nanokristal hazir-
lanmasinda iki farkli yaklasim bulunmaktadir. Bunlar
asagidan yukar: (bottom-up) ve yukaridan asagi (top-
down) yaklagimlaridir. Asagidan yukar1 yontemlerde
nanokristaller etken maddenin uygun bir ¢oziicii igin-
deki ¢ozeltisinden kontrollii bir sekilde ¢oktiiriilmesi/
kristallendirilmesiyle elde edilir. Genellikle stabiliza-
tor olarak surfaktanlar (elektrostatik stabilizasyon) ve
polimerler (sterik stabilizasyon) kullanilir. Yukaridan
agag1 yaklasimda ise ytiksek hizly, bilyali degirmenler
(NanoCrystals®), su icinde yiiksek basin¢li homojeni-
zasyon (DissoCubes®), susuz ortamda yiiksek basingh
homojenizasyon (Nanopure®), ¢oktiirme ve yiiksek
basingli homojenizasyon kombinasyonu (NANOED-
GE™) gibi yontemler kullanilir (Bajaj, 2012; Chau-
han, 2012).
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Partikiil
boyutu

Sekil 3. Partikiil boyutu ve toplam yiizey alaninin degisimi

Partikiil boyutunun kii¢iiltiilmesiyle ilgili kulla-
nilan yéntemlerde genellikle yardimci madde/ etken
madde orani diistiktiir. Nanokristal yapilarinin stabi-
lizasyonu igin kullanilan yiizey etken madde oranlar1
genellikle yiiksek olmadigindan formiilasyonlar iyi
tolere edilirler. Maddelerin kristal formlarimin amorf
formlarina gore daha stabil olmas: yontemin bir diger
avantajidir. Cozliniirliigii artirmada diger yéntem-
lerden sonu¢ alinamadig1 durumlarda kullanilabilen
kurtarict bir yontemdir. Bununla birlikte ayr1 ayri
kiigiik parcaciklar aglomerasyona yatkin olabilecek-
lerinden islem parametreleri sikica kontrol altinda
tutulmalidir (Vemula, 2010). Yukaridan asagiya tek-
nigi ile tretilen formiilasyonlar, Ostwald olgunlas-
mas1 (Ostwald ripening) nedeniyle genis bir partikiil
boyutu dagilimina ve diisiik stabiliteye egilimlidir (X.
Zhang, 2018). Bazi durumlarda 6glitme islemi giin-
ler siirebilmekte ve bu durumda yiiksek enerji sarfi-
yatindan dolay: ila¢ maliyeti yiikselmektedir. Ayrica
6glitme islemi sirasindaki yabanci madde kontami-
nasyonu da (bilya ve 6giitiicti kaynakli) géz oniinde
bulundurulmas: gereken diger bir faktordiir (Sadeg-
hi., 2016).

Partikiil boyutunun kigciltilmesinde kullanilan

bir diger yontem ultrasonik kristalizasyondur. Bu me-

todla etken madde ¢ozeltisi icerisine etken maddenin
¢oztinmedigi bir ¢oziicii eklenir ve kristalizasyonu
tetiklemek i¢in 20-100kHz arasinda ultrasonik dalga
kullanilir. Ultrasonik dalganin kullanilmast gekirdek-
lenmeyi tesvik etmesinin yaninda olusan partikiil-
lerin boyutunun belirli bir aralikta kalmasini saglar.
Boylece ¢ok daha dar bir aralikta partikiiller elde edil-
mis olur (S. K. Patil, 2011).

Partikiil boyutunun azaltilmas: siiperkritik sivila-
rin kullanimi ile de gergeklestirilebilir. Stiperkritik si-
vilar kritik sicakliginin (T)) ve basincinin (P ) tizerin-
de bulunan siv1 ve gaz arasindaki gecis sistemleridir.
Kritik noktada, stvinin fiziksel 6zellikleri ve maddele-
rin ¢oziiniirliigi bityiik 6lciide degisir. (Lu, 1990). ilag
partikiilleri siiperkritik sivi icinde ¢oziildiikten sonra,
oldukga kiigiik partikiil boyutlarinda yeniden kristal-
lenebilirler. Bu amagla siiperkritik ¢oziicii genlesmesi
(RESS), gaz anti-solvan ile kristalizasyon (GAS) gibi
yontemler kullanilabilmektedir (Bagade, 2014). Sii-
perkritik CO, en yaygin kullanilan siiperkritik ¢6zii-
ciidiir. Yontem giivenilir ve ¢evre dostudur. Siiperk-
ritik ¢oziictilerin sundugu esneklik ve hassasiyet, ilag
partikiillerinin oldukg¢a dar bir aralik icerisinde, mik-
ron alt1 seviyelere kadar (5nm-2um) indirilebilmesine
imkan tanir (Vemula, 2010).
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1.11. Kompleks Olusturma

Kompleks olusumu genellikle yeni bir tiir olus-
turmak i¢in bir substrat ve ligandin geri doniisimlii
olarak birlesimleri olarak tanimlanir. Kimyasal bagin
tiirine gore, kompleksler genel olarak koordinasyon
kompleksleri ve molekiiler kompleksler olmak iizere

iki gruba ayrilir. Koordinasyon kompleksleri, bir ¢ift

dendrimer dallar1 arasina fiziksel
olarak baglanma

dendrimer uglarina
kimyasal baglanma

elektronun etkilesen bir molekiilden digerine aktaril-
dig1 koordinasyon baglar: tarafindan olusturulurken
metal-iyon koordinasyon kompleksleri buna 6rnek
verilebilir (Semalty, 2014). Molekiiler kompleksles-
menin ardinda hidrojen baglari, van der Waals kuv-
vetleri, hidrofobik etkilesimler gibi kuvvetler yatar.
Bunlara 6rnek olarak siklodekstrin veya dendrimer
kompleksleri (Sekil 4) verilebilir.

hidrofilik
dis bolge

~

1
1
hidrofobik
i¢ bolge

siklodekstrin
kompleksi

Sekil 4. Dendrimer ve siklodekstrin kompleksleri

1.11.a. Siklodekstrinler

Bazi mikroorganizma ve bitkilerde, nisastayi
siklodekstrinler adi verilen siklik iiriinlere indirge-
yen enzimler bulunur. Siklodekstrinler lipofilik bir
merkezi bosluk ve hidrofilik bir dis yilizeyden olusan
siklik oligosakkaritlerdir (Sekil 4). Bu 6zelliklerden
dolay1 siklodekstrinler, hem ¢6zelti halinde hem de
kat1 halde inkliizyon kompleksleri olugturabilir (Ra-
wat ve Jain, 2004). Inkliizyon kompleksleri, siklodeks-
trinlerin hidrofobik i¢ bosluklar: ile ila¢c molekiilleri
arasinda kovalent olmayan etkilesimler kurulmasiyla
olugur. Ilag gelistiricileri siklodekstrin ve tiirevlerini
¢ozlniirliigi, biyoyararlanimi ve stabiliteyi artirmak,
ilacin kotii tadini maskelemek ve ilaca bagh goriilen
yan etki ve toksisiteleri azaltmak amaciyla kullanmak-
tadirlar (Lee ve Lee, 1995).

Farmasotik teknolojide kullanima uygun sik-
lodekstrinler (a, B, y-siklodekstrin), farkli ¢aplarda
halkali yapilar olusturmak icin 1,4 konfigiirasyo-
nunda baglanmis 6, 7 veya 8 dekstroz molekiilii ice-
rirler. Olusan bu halkanin ici lipofilik bir ¢ekirdege

ve dis1 ise hidrofilik bir kabuga sahiptir (Vemula et
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al., 2010). Siklodekstrin ila¢ kompleksleri Higuchi
ve Connors1n tanimlamis oldugu faz ¢6zinirlik di-
yagramlarina gére agiklanabilir. Bu diyagramlar ila¢
¢ozlinlirliigiiniin artan siklodekstrin konsantrasyo-
nu ile nasil degistigini gosterir. A tipi diyagramlar,
¢ozlinmiis ila¢ konsantrasyonlari ile sulu bir ortama
eklenen siklodekstrin miktarlar1 arasindaki dogrusal
iligkileri temsil eder. Artan siklodekstrin konsantras-
yonu ile dogrusalliktan yukar: (pozitif) yonli sapma-
lar A, tipi diyagramlari, dogrusalliktan asag1 (negatif)
yonlii sapmalar ise A tipi diyagramlari olusturur (Sa-
okham, 2018).

Siklodekstrinlerin olusturdugu ¢ogu kompleks
genellikle A tipidir. Komplekslerin diliie olmas1 ko-
solvan veya ylizey etkin madde iceren sistemlerde
goriilebilecegi gibi etken maddenin ¢6kmesine sebep
olmaz. A tipi kompleksler i¢in bu durum gegerli de-
¢ildir (Vemula, 2010).

Tiim bu ozelliklerine ragmen yiiksek maliyetleri
ve istenen ¢Ozlnirligin elde edilebilmesi icin ge-
nellikle yiiksek miktarlarda kullanilmalar1 sebebiyle
yaygin sekilde kullanilamazlar. Ayrica baz: siklodeks-
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trinlerin belirgin renal toksisiteye neden olduklar: da
raporlanmistir (Chaudhari, 2007).

1.11.b Dendrimerler

Dendrimerler, merkezi bir ¢ekirdegin etrafinda
ileri derecede dallanma gosteren, reaktif, ti¢ boyutlu
makromolekiillerdir. 1980’lerin ortalarinda piyasaya
stiriilmelerinden bu yana, bu yeni polimerik malzeme
sinifi, benzersiz yapilar1 ve 6zelliklerinden dolayi bii-
yiik ilgi gérmiistiir (Otto & de Villiers, 2018). Dendri-
merler, dogrusal veya dallanmis klasik polimerlerden,
daha belirgin tanimlanmigs olmalar1 (6rnegin molekiil
agirliklar: aralik degil tek bir deger olarak ifade edilir),
yiiksek derecede molekiiler tekdiizelige sahip olmala-
r1 ve ayrica ¢ok sayida islevsel ug gruplarina sahip ol-
malar1 nedeniyle ayrilirlar (D’Emanuele & Attwood,
2005). Suda az ¢oziinen ilaglarin ¢oziiniirligint art-
tirmak i¢in dendrimerlerin bagariyla kullanildig: ¢ok
sayida ¢alisma mevcuttur. Dendrimerler ilaglarin ¢6-
ziniirligini fiziksel kompleksler veya kovalent kon-
jugasyonlar olusturarak artirabilirler. Dendrimerler
ilaglarla tekli sistemler olusturduklarindan genellikle
¢ozunirlikte seyreltmeye bagli degisiklik goriilmez
(Choudhary, 2017).

1.12. Kat1 Dispersiyonlar

Kat1 dispersiyonlar ilk olarak 1961 yilinda Seki-
guchi ve arkadaslar1 tarafindan gelistirilen ve suda
az ¢oziinen ilaglarin oral biyoyararlanimini artirmak
i¢in kullanilan bir yontemdir. Bunlar, suda az ¢6zii-
nen ilaglarin hidrofilik tagiyicilar icindeki molekiiler
karigimlar1 olarak tanimlanabilir. Kullanilan tagty1-
cinin Ozelliklerine bagl olarak ilag salim profilinin
degistirilmesi miimkiindiir (Vasconcelos, 2007). Kat1
dispersiyonlar 6tektik karisimlar, kati veya camsi ¢o-
zeltiler gibi alt siniflara ayrilir (Janssens ve Van den
Mooter, 2009).

Kati dispersiyonlarda tastyicilar yapilarina gore ti¢
ayr1 boliimde incelenebilir:

a. 1. nesil kristal tasiyicilar (iire, siikroz, laktoz,
mannitol, ksilitol gibi cesitli sekerler, sitrik ve
stiksinik asit gibi organik asitler)

b. 2. nesil polimerik tasiyicilar (PVP, PEG, poli-
metakrilatlar (Eudragit), gesitli seliiloz tiirev-
leri (HPMC, EC, HPC), siklodekstrinler

c. 3. nesil surfaktanlar, polimer karigimlari ve
surfaktan-polimer karisimlar: (poloksamerler,
Tween 80, Gelucire 44/14) (Jaskirat, 2013; Ver-
ma, 2011)

Kat1 dispersiyonlarin ilacin ¢oziinme hizinda ve
biyoyararlaniminda artis saglamasi yiiksek oranda
poroziteye sahip olmalar1 (6zellikle ¢6ziicli ugurul-
mast ile hazirlanmis olanlar), ilag molekiillerinin 1s-
lanabilirligini artirmalari, ilacin partikiil boyutunu
azaltmalar1 ve buna bagli olarak ¢6zlinme yiizey alani-
n1 artirmalari ile iliskilendirilmektedir. Ek olarak kat1
dispersiyonlarda ilacin amorf halde bulunmasi nede-
niyle kristal yapinin bozulmasi i¢in gereken enerji ve
zamanin gerekmemesi, ¢éziinme hizinin artmasiyla
sonuclanir (Kaur, 2012; V. B. Yadav ve Yadav, 2009).

Kati dispersiyonlarin gesitli avantajlar1 vardir. On-
celikle ilaclarin viicut sivilarindaki ¢oztnirlitklerini
ve biyoyararlanimlarini artirirlar. Geleneksel partikiil
boyutu kiigiiltme yontemlerine gore daha etkilidir.
Geleneksel yontemlerle kiiciiltiilen partikiiller 2-5pum
araliginda kisith olup aglomerasyon gostermeye me-
yillidir. Kat1 dispersiyonlardaki tastyicilar aglomeras-
yonu biiytik 6lgiide onler. Sivi ilaglar bu yontemle kati
forma dontstirilebilir. (Vo, Park, & Lee, 2013). Fakat
tiim bu avantajlarina ragmen ticari iiriin olarak piya-
saya ¢ikan kat1 dispersiyon sayis1 kisithidir. Bunun en
bityiik nedenlerinden biri stabilite problemleridir. Za-
manla formiilasyondaki etken maddenin kristal yapi-
sindaki degisikliklere bagli olarak ¢6ziinme hizinda
diistisler goriilebilmektedir. Nem ve sicaklik degisim-
lerine kars: hassastirlar. Ayrica bazi kat1 dagilimlarda
yapisma problemlerinin gériilmesi iiretimlerini gii¢-
lestirebilir. Olgek biiyiitme sirasinda da gesitli sorun-
lar ¢ikartabilirler (Argade, 2013).

Kat1 dispersiyonlarin hazirlanmasi fiizyon (erit-
me) metodu, ¢oziicli bazli metodlar ve yeni metod-
lar olmak iizere {i¢ ana baglikta incelenebilir. Fiizyon

metodlar: fiziksel karigtirma, eritme, sicak eriyik eks-

333



Nazly, Mesut, Ozsoy

triizyonu gibi alt bagliklara ayrilabilir. Coziicti bazl
metodlarda ¢6ziicii ugurma, puskiirterek kurutma, li-
yofilizasyon gibi yontemler sayilabilir. Elektrospining
ve siiperkritik ¢oziicii bazli metodlar ise daha yeni
kat1 dispersiyon tretim yontemleridir (Baghel, 2016;
Boghra, 2011; Chaturvedi ve Verma, 2012).

1.13. Lipit Bazli Formiilasyonlar

Distik su ¢oziiniirligiine sahip ilaglarin oral biyo-

yararlanimlarinin artirilmasi i¢in yag bazli formiilas-
yonlarin kullanimi son yillarda oldukga ilgi cekmek-
tedir. Hazirlanma kolayliklari, berrakliklari, filtrele-
nebilme 6zellikleri ve ¢oziicli kapasitelerinin yiiksek
olmasi nedeniyle potansiyel ilag tagiyici sistemler ara-
sinda énemli bir yere sahiptir (Patel, Kukadiya, Mash-
ru, Surti, & Mandal, 2010). Lipid bazl ilag sistemler
Tablo 3’te siniflandirilmistir.

Tablo 3. Lipid Formiilasyonlarin Siniflandiriimasi (Cerpnjak, Zvonar, Gagperlin, & Vrecer, 2013)

Lipofilik surfaktanlar (%20-40)

Tip Igerik Ozellik Avantaj Dezavantaj
. Gliseritler Suda dagilmaz, sindirilmesi GRAS ste}tusunde,‘ kaPsul Ila? yagda on“(;ozunmuycf)rsg
Tip1 L kabuguyla gecimli ¢ogu zaman ¢ozme kapasitesi
(%100) gereklidir. . .
formiilasyonlar. yetersizdir.
Gliseritler Suda ¢o6ziinen yardimcr madde Coziicii kapasitesini RPN
Tip II (%40-80) igermez. kaybetme olasilig1 cok Bulanlk(;/}; ;1_;;1 er:lr;ulmyon.
Lipofilik surfaktanlar (%20-60) (SEDDS) diigiiktiir. s
Gliseritler Berrak veya neredeyse
Tip (%40-80) Suda ¢6ziinen ve ¢oztiinmeyen berrak daglmlar, ilag Formiilasyonun ¢oziicii

yardimei maddeler igerir.

kapasitesini kaybetme

A Hidrofilik surfaktanlar (SEDDS veya SMEDDS) emlhmelrlegll:;lselgdmm olasilig1 vardur.
(920-40) 8 :
Gliseritler
(< %20) Sadece suda ¢oziinen yardimeci . . . e
Tip Hidrofilik surfaktanlar maddeler igeren, diigiik ].31.err.a k d atflhm}e{r, ilag Flf rmu.laS}.fo.nlL(ln E)ozucu
[IB (9%20-50) oranda yag iceren formiille: emilimi i¢in formiilasyonun apasitesini kaybetme
’ sindirilmesi gerekmez. olasilig1 yiiksektir.
Kosolvanlar (SMEDDS) 8 gLy
(%20-50)
Lipofilik surfaktanlar (%0-20) Yag icermeyen sadece yiize Formiilasyon, coziicii
Hidrofilik surfaktanlar 5 16 Y yuzey Birgok ilag igin yiiksek wasyon, ¢
. etken madde ve yardimci T R ) kapasitesini kaybeder,
TipIlv (%20-80) tizey etken madde igeren sozlicti kapasitesine sahip, sindirilmeden GISden
Kosolvanlar Y formiil 1 misel tipi ¢ozelti olugturur. bili
(9%0-80) ormiilasyonlar. gecebilir.

Kendiliginden emiilsifiye olabilen sistemlerde ilaglar
yaglar, kismi gliseritler, yiizey aktif maddeler, yar-
dimar ytizey aktif maddeler ve kosolvanlar gibi yar-
dimci maddelerin uygun oranlardaki karisgimlarinda
coziiliir. Kendiliginden emiilsifiye (SEDDS) ve ken-
diliginden mikro/nano emiilsifiye (SMEDDS veya
SNEDDS) olan sistemler olmak iizere ikiye ayrilabilir
(Agrawal, 2012).

SMEDDS izotropik, transparan ve kinetik olarak
kararli ¢ozeltilerdir. Suyla veya gastrointestinal ka-
nal sivilartyla karistiklarinda Y/S mikro yapili emiil-
siyonlar1 olustururlar. Bu tip ila¢ sistemlerinin tek
avantajlar1 ¢oziiniirliigii artirmak degildir. Ilaglar kii-
¢itk damlaciklarin igerisinde zaten ¢oziinmiis halde
bulundugundan ve genis bir yiizey alani sagladikla-

rindan salim ve emilim 6zelliklerini de iyilestirirler.
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Ayrica lenfatik tasima mekanizmalar1 da SMEDDS
formiilasyonlarinda ilag emilimine katki saglar (Qu-
reshi, 2015). Hazirlanmasi 6zel teknolojilere gore de
daha kolaydir (Mesut, 2020).

Kendiliginden emiilsifiye sistemler biyoyaralani-
min artmasinin yaninda bireyler arasi emilim degis-
kenliginin ve besin etkisi nedeniyle goriilen birey i¢i
degiskenliklerin azalmasini da saglar. GISdeki enzi-
matik etkiye karsi koruma saglayacagindan proteinik
maddelerin verilebilmesine olanak tanir. Uretimleri
basit olup kolaylikla 6l¢ek biiyiitme yapilabilir (Agra-
wal, 2012). Ancak yiiksek miktarda yiizey etken mad-
de kullanim1 6zellikle kronik hastaliklarin tedavisin-
de bu tip formiilasyonlarm kullanimini kisitlayabilir
(Vemula, 2010).
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2. Coziiniirliigii diisiik bir etken madde: Aprepitant

Aprepitant (Emend®) yeni bir ila¢ sinifi olan no-
rokinin NK| reseptor antagonistlerinden ticari ola-
rak dretilen ilk ilagtir. Diger ajanlarla kombinasyon
halinde, yetiskinlerde yiiksek diizeyde emetojenik
kemoterapi ile iligkili akut ve gecikmis kemoterapi-
ye bagli bulant1 ve kusmanin 6nlenmesinde endike-
dir (Dando ve Perry, 2004). Aprepitant beyaz/beya-
zims1 renkte, kristal yapili, higroskopik olmayan bir
maddedir. pKa’s1 9,7 erime derecesi 254 °Cdir (Ren,
Zhou, Wei, Li, & Chen, 2014). Kimyasal isimlendir-
mesi  3-[[(2R,3S)-2-[(1R)-1-[3,5-bis(triflorometil)
fenil]etoksi]-3-(4-florofenil)morfolin-4-il|metil]-4,5-
dihidro-1H-1,2,4-triazol-5-on olan bilesigin molekiil
agirlig1 534g/moldiir. pH 7de dl¢iilen logP’si 4,8 oldu-
gundan goreceli olarak yiiksek bir lipofillige sahiptir
(Yeo, An, Park, Kim, & Lee, 2020). Bilesigin kimyasal
yapist Sekil 5’te gosterilmektedir.

o/\ HN-NH
N A Ao

Sekil 5. Aprepitantin kimyasal yapisi

Aprepitant literatiirde bazi kaynaklarda BCS II
(Angi et al., 2014; Penumetcha et al., 2016) baz1 kay-
naklarda ise BCS IV (Kalvakuntla, 2016; Nanaki,
2019; R. Sharma, 2016) olarak simiflandirilmistir. pH
2-10 arasinda 3-7pg/mL gibi oldukea diisiik bir ¢o-
ziiniirliige sahip zayif bazik ozellikte bir ilagtir (Yeo,
2020). Yani suda pratik olarak ¢oziinmez. Etanol ve
izopropil asetat i¢inde eser miktarda, asetonitril icin-
de ise az miktada ¢oziiniir. Bu nedenle bilesik formiile
edilmemis olarak uygulandiginda, oral biyoyararlani-
mi oldukga siirhidir (Angi, 2014).

Aprepitantin Coziiniirliigiiniin Artirilmasina
Yonelik Yapilan Calismalar
Diisiik ¢oziiniirliige sahip bilesikler besinler-

le alindiginda, midede kalma siiresinin artmasiyla

daha vyiiksek emilim gosterme egilimindedir. Or-
negin 100mg aprepitant iceren klasik dozaj formu,
tokluk sartlarinda uygulandiginda aghik sartlarina
gore insanlarda emilimin 3 kat arttig1 gosterilmistir
(Merisko-Liversidge ve Liversidge, 2011). Bu yontem
aprepitant gibi diisitk ¢oztintirliikli ilaglarin oral bi-
yoyararlanimini iyilestirmek i¢in etkili bir yaklagim
olsa da, ozellikle bulant1 ve kusmanin 6nlenmesi gibi
endikasyonlarda kullanilacak ilaglar i¢in iyi bir sege-
nek degildir (Shono, 2010).

Aprepitantin ¢oziintirligiint artirmak igin ilk ola-
rak cesitli tuz formlar1 hazirlanmis, ancak tim tuzla-
rin kimyasal stabilitelerinin zayif oldugu gosterilmis-
tir. Aprepitantin geleneksel formiilasyonlar: kullanila-
rak sistemik ve etkili bir tedavi uygulamak zordur. Bu
nedenle Merck&Co. firmasi ¢oztintirlik hizini artir-
mak i¢in partikiil boyutu kiigtiltme yéntemi kullan-
mis ve Emend®in biyoyararlanimini yaklagik % 65%¢
yiikseltebilmistir (Ren, 2014). Emend”in iretimin-
de partikiillerinin mikron alt1 boyuta 6gutiildugi ve
polimer veya yiizey aktif madde ile stabilize edildigi
NanoCrystal® teknolojisi kullanilmigtir (Merisko-Li-
versidge ve Liversidge, 2011; Shono, 2010). flacin tam
olarak emilememesi terapotik etkiye ulagmak icin
daha yiiksek dozda ila¢ kullanmay1 gerektireceginden
ilaca bagl yan etkilerin de artmasina neden olur. Ap-
repitantin ¢ozintirligini ve ¢oziinme hizini artirma
cabalari, gelistirilmeye agik biyoyararlanim orani (%
65) ve ilacin yiiksek tiretim maliyeti nedeniyle higbir
zaman durdurulmamistir (Ren, 2014).

Yapilan literatiir taramasinda hazirlanmis olan
formiilasyonlarin gogunlukla aprepitantin kat1 dis-
persiyonlar1 (6 adet) oldugu goriilmiistiir. Ikinci
sirada ise aprepitantin gesitli yontemlerle partikiil
boyutunun kiigtiltillerek nanokristallerinin (5 adet)
hazirlandig formiilasyonlar bulunmaktadir. Bunlarin
disinda emiilsiyon (1 adet), mikroemiilsiyon (2 adet),
siklodekstrin kompleksleri (2 adet), agizda dagilan
film (1 adet), kat1 ¢ozelti (1 adet), surfaktan bazl for-
miilasyon (1 adet) gibi ¢aligmalar literatiirde kayitl
bulunmaktadir. Bu derleme kapsaminda incelenmis
olan literatiirler Tablo 4’te 6zetlenmistir.
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Tablo 4. Aprepitantin Coziiniirliiglintin Artirilmasina Yonelik Caligmalar

Magnezyum stearat

Formiilasyon Tipi | Formiilasyon Bilesenleri Coziiniirliik ve Biyoyararlanim Ozellikleri Referans
Siklodekstrin Aprepitant 125 mg Yapilan dissoliisyon ¢aligmalarinda referans tiriin ile benzer (Ridhurkar,
kompleksi B-siklodekstrin bir profil elde edilmistir. In vivo ¢aligmalar 18 saghkli géniillii | 2013)
260 mg insanda yapilmis, referans iiriinle (Emend®) kiyaslandiginda bi-
Avicel PH200 yoyararlanimun istatistiksel agidan benzer oldugu bildirilmistir.
40 mg
SLS 40 mg
Aerosil 5 mg
Siklodekstrin Aprepitant 40 mg Test edilen tiim dissoliisyon ortamlarinda referans tiriinden (Ren, 2014)
kompleksi stilfobutil eter-B-siklodekstrin | daha hizli bir ¢6ztinme hiz1 gorildugi bildirilmistir. Beagle cinsi
336mg kopeklerde yapilan in vivo galigmalarda formiilasyon biyoyarar-
Mikrokristal seliiloz 45 mg laniminin referans iiriinle neredeyse ayni oldugu gosterilmistir.
SLS 20 mg
Nanokristal Etanol ici konsantrasyonlar Tokluk sartlarindaki barsak ortaminda referans iiriinden yak- | (Angi, 2014)
Aprepitant lagik 2 kat daha yiiksek bir ¢6ziiniirlik degeri elde edilmistir.
14 mg/mL Aglik sartlarinda elde edilen ¢oziinirlitk degeri referans tiriinle
Soluplus® benzer olmustur. Beagle cinsi kopeklerde yapilan in vivo galis-
70 mg/mL malar bu formiilasyonun biyoyararlaniminin referans iiriinle
SLS 2,8 mg/mL oldukga benzer oldugunu gostermistir.
Solvan : Antisolvan
(Etanol : Distile Su)
1:20
Nanokristal Nano aprepitant (224,5nm) 20um boyutundaki kristallerle kiyaslandiginda nanokristallerin | (X.-Y. Zhang,
Mikronize aprepitant (20pm) su ¢oztinirliaginde 110,4 kat artig gortldaga bildirilmistir. 2014)
Mikronize aprepitant (1um) Aglik kosullarinda yapilan in vivo ¢alismalarda nanokristallerin
aprepitant biyoyararlanimini 20uny’lik kristallere gore 2,05 kat
1pumr’lik kristallere gore ise 1,43 kat artirdign bildirilmistir.
Kat1 dispersiyon Aprepitant Elde edilen bu dozaj formunun in vitro dissoliisyon ¢aligmala- | (Chandra-
Vitamin E TPGS rinda ¢oziinme hizini artirdig gosterilmistir. sekhara Rao,
HPMC 2014)
PEG 4000
SLS

Modifiye magnezyum silikat
(1,2g/mL)

sagladig bildirilmistir.

Nanokristal Aprepitant 50mg/10mL Bilyal: degirmen + yiiksek basingli homojenizasyon islemle- (Attari, 2016)
Tween 80 %1 rinden gegirildikten sonra elde edilen 120nm boyutunda (PDI
Poloksamer 188 %3 0,268) nanokristaller ile yapilan ¢oziiniirlikk ¢aligmasina gore
Mannitol formiilasyonun aprepitantin su ¢oziiniirliigiinii 40,2 kat artur-
digy, ayrica yapilan dissoliisyon ¢alismasinda 45 dakika iginde
aprepitantin %99’unun salindigs bildirilmistir.
Tastyiciya adsorbe | Aprepitant Damlacik boyutu 148nm (PDI 0,21) olan formiilasyon gelistiri- | (Kamboj,
ettirilmis mikro- | 80 mg/mL lip Aerosil 200 ile toz forma gevrilmistir. Dissoliisyon ¢aligmalari | 2015)
emiilsiyon Capmul MCM C10 300 uL ve tavsanlarda gergeklestirilen in vivo ¢alismalarda ilacin ¢6-
Tween 80 555 uL ziinme hizinda ve biyoyararlaniminda 1,5 ila 2 kat artig oldugu
Transcutol 145 puL bildirilmistir.
Aerosil 2001 g
Kat1 dispersiyon Aprepitant:Soluplus Hazirlanan kati dispersiyonlarin ¢6ziinme hizini yaklasik olarak | (Liu, 2015)
1:5 9 kat artirdig1 bildirilmistir. In vivo caligmalarda formiilasyonun
Aseton biyoyararlanimi toz aprepitanta gore 2,4 kat artirdig gosteril-
mistir. Bu ¢alismada ayrica kati dispersiyonlarin Emend® ile
istatistiksel olarak benzer biyoyararlanima sahip oldugu sonucu-
na varilmstir.
Tasiyiciya adsorbe | Capmul MCM C8 %30 Damlacik boyutu 127nm (PDI 0,24) olan formiilasyonda, (Kamboj ve
ettirilmis mikro- | Tween 80 aprepitantin mide vasatinda 10 dakika icerisinde %80’inin Rana, 2016)
emiilsiyon %50 ¢oziindiigii gosterilmistir. Ayrica tavsanlarda gergeklestirilen in
Transcutol vivo biyoyararlanim ¢aliymasinda bu formiilasyonun biyoyarar-
%20 laniminin istatistiksel agidan anlamli olarak (yaklasik %10) artis

336




FABAD ]. Pharm. Sci., 46, 3, 325-344, 2021

Kat1 dispersiyon Aprepitant:Soluplus pH 6,5 barsak vasatinda yapilan dissoliisyon ¢alismasinda, 30 (Penumetcha,
1:4 dakika sonunda formiilasyonun ¢6ztinme hizinin aprepitantla | 2016)
kiyaslandiginda 6-7 kat artig goriildiigii bildirilmistir.
Agizda dagilan Pullulan Hazirlanan agizda dagilan film formiilasyonunun anlaml (R. Sharma,
film %30 ol¢tide daha hizh ¢oziinme gosterdigi bildirilmistir. Ek ola- 2016)
Demirhindi pektini %70 rak, formiilasyon referans tiriinle (Aprecap®) kiyaslandiginda
+ %0,1 s1v1 glukoz tavsanlardaki biyoyararlanimi anlaml 6l¢iide (%15) artirdig
gosterilmistir.
Nanokristal Aprepitant 125 mg Liyofilizasyon + yiiksek basin¢li homojenizasyon tekniklerini (Kalvakuntla,

Tween 80 %1
Poloksamer 188 %3

kullanarak hazirlanan nanokristaller (35,78nm PDI 0,26) ile 2016)
yapilan dissoliisyon testlerinde, ¢alistlan ortamdan bagimsiz
olarak 45. dakikada ¢6ziinen aprepitant miktarinda 2 kat artig
goriildigii bildirilmistir.

Kat1 gozelti Aprepitant Akigkan yatakta hazirlanan bu aprepitant formiilasyonunun (Barmpalexis,
Aseton-%5 SLS ¢ozeltisi-2- 0,1N HCl ortaminda orjinal ilag olan Emend®den daha hizh 2018)
pirolidon salim yaptig1 gosterilmistir.

Poloksamer 407

Aerosil 300 Mikrokristal seliiloz
Krospovidon

SLS

Nanokristal Aprepitant Stiperkritik ¢oziiciiler kullanilarak tiretilen aprepitant nanokris- | (Sodeifian,
Stiperkritik CO, talleri (23nm) ile islem gérmemis kristaller (25,6um) ¢6ziinme | 2018)
Mentol hizlar agisindan pH 6,8 fosfat tamponunda kiyaslanmustir.

Nanokristallerin ¢oziinme hizini 8,2 kat artirdig1 bildirilmistir.

Kat1 dispersiyon Aprepitant Hazirlanmis tiim formiilasyonlarin toz aprepitanta gére daha (Pappa, 2018)
Polietilenoksit hizli ¢6ztindiikleri raporlanmuigtir.

Cloisite-Na kili

Emiilsiyon Aprepitant Yiiksek basingli homojenizatér kullanilarak aprepitant-koleste- | (X. Y. Zhang,
Kolesteril hemisiiksinat ril hemisiiksinat iyon ¢ifti kompleksi ile intravenéz kullanima 2020)

Lipoid E80 uygun nanoemiilsiyon (100nm) hazirlanmistir. Bu formiilasyo-

Gliserin nun, siganlarda biyoyararlanimi ve dolasgimda kalma siiresini,
Sodyum oleat hem aprepitant ¢ozeltisine gore hem de klasik emiilsiyona gore
Siikroz artirdig1 gosterilmistir.

Orta zincirli trigliserit (MCT)

Kat1 dispersiyon Aprepitant Farkli oranlarda soluplus ve poloksamer 188 kullanilarak apre- | (Nanaki,
Soluplus pitantin kat1 dispersiyonlarini hazirlanmistir. Hazirlanan tiim 2019)

Poloksamer 188

kat1 dispersiyonlarin aprepitant ¢oziinme hizini belirgin sekilde
artirdig1 gosterilmistir.

Kat1 dispersiyon

Aprepitant 100 mg
Fosfotidilkolin

100 mg

Neusilin 200 mg
Kroskarmelloz sodyum 50 mg

Hazirlanan fosfotidilkolin bazli kat1 dispersiyonun, suda toz (Yeo, 2020)
aprepitanttan 40 kat daha fazla ¢oziinebildigi gosterilmistir.
Ayrica dissoliisyon testinde bu formiilasyonun ¢éziinme hizinin
saf aprepitanttan yaklasik 6,5 kat yiiksek oldugu gosterilmistir.

Yiizey etken madde | Jelatin Jelatin ve oleik asit sodyum tuzundan hareketle yeni bir ¢oziin- | (Kim, 2020)
bazl Oleik asit sodyum tuzu diirme ajan: sentezlenmis, bu maddenin %3’liik ¢ozeltisinde
formiilasyon Aprepitant aprepitant ¢oziiniirligiiniin yaklasik 55 kat arttig1 bildirilmistir.

SONUC Aprepitant kanser kemoterapisine bagh olarak go-

Cozunirligu disik olan etken maddelerin ¢6-
ziiniirliiglint iyilestirip, biyoyararlanimini artirmak
i¢in literatlirde kayitl, gegerliligi kanitlanmig birgok
yontem bulunmaktadir. Ancak bu yontemlerin diisiik
¢ozliniirliikli her etken maddeye uygulanabilmesi
miimkin degildir. Uygun yontemin belirlenmesinde
maddenin fizikokimyasal o6zellikleri olduk¢a 6nemli
rol oynamaktadir.

rilen bulanti ve kusmanin dnlenmesinde kullanilan,
diger antiemetiklerden farkl: bir etki mekanizmasina
sahip bir etken maddedir. Avrupa Tibbi Onkoloji Der-
negi (ESMO) ve Amerikan Klinik Onkoloji Dernegi
(ASCO) gibi 6nde gelen kuruluslarin kilavuzlarinda,
kullanim1 gogu zaman birinci sira ilag olarak énerilen,
klinikte vazgecilmez bir ilagtir. Emiliminin 6niindeki
temel engelin diisiik ¢6ziinme hizi oldugu disiiniildii-
gtinde ¢oziinme hizini artiran formiilasyonlarin ge-
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listirilmeye calisilmasi ilk secenektir. Aprepitant i¢in
yapilan literatiir taramasinda iiretilen formiilasyonla-
rin ¢ogunlukla kat1 dispersiyon seklinde hazirlanmis
olduklar1 gortilmiistiir. Bunu nanokristal formiilas-
yonlar1 izlemektedir. Her iki yontem de gesitli deza-
vantajlara sahip olup 6zellikle kanser hastalarinin ha-
yat kalitesini 6nemli dl¢iide iyilestiren bu antiemetik
ilacin oral biyoyararlanimini iyilestirmek i¢in daha
fazla caligmaya ihtiya¢ duyulmaktadir. Boylelikle kli-
nik agisindan 6nemli bu ilacin, gelecekte daha etkili,
glivenli ve yan etkisi azaltilmig formiilasyonlarinin
kullanilabilmesi miimkiin olabilecektir.
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An Overview on Floating Drug Delivery Systems (FDDS);
Conventional and New Approaches for Preparation and In
Vitro —~In Vivo Evaluation

SUMMARY

Floating drug delivery systems (FDDS) are oral dosage forms that
are able to float on the contents of the stomach and remain in the
stomach for a long time. They offer an opportunity to prevail over the
short gastric residence time of the usual dosage forms of the drug and
play an important role in slowly delivering drug substances to the
upper part of the gastrointestinal tract over a continuous period. Two
methods have been proposed for the development of FDDS, including
non-effervescent and effervescent systems. The present review briefly
explains various technologies and their mechanism to design FDDS
along with in vitro - in vivo tests for evaluation of them. In addition,
new approaches to their preparation have been introduced.

Key Words: Floating drug delivery systems, Gastro retentive,
Effervescent, Non-effervescent, Novel floating drug delivery systems.

Yiizer Ila¢ Salim Sistemlerine (FDDS) Genel Bir Bakss; Hazirltk
ve In Vitro - In Vivo Degerlendirmede Geleneksel ve Yeni
Yaklasimlar

0z

Yiizen ilag tasiyic sistemler (FDDS) mide icerigi iizerinde yiizebilen
ve midede uzun siire kalabilen oral dozaj formlaridur. Hacin geleneksel
dozaj formlarmin kisa midede kalma siiresine idistiin gelme firsats
sunarlar ve ilag maddelerinin siirekli bir siire boyunca gastrointestinal
sistemin dist kismina yavagca verilmesinde onemli bir rol oynarlar.
FDDSnin gelistirilmesi igin efervesan olmayan ve efervesan sistemler
dahil olmak iizere iki yontem onerilmistin. Bu inceleme, kisaca
cesitli teknolojileri ve bunlarm FDDS tasarim mekanizmalarin,
bunlarin degerlendirilmesi igin in vitro - in vivo testlerle birlike
agiklamaktadsr.  Ayrica  bunlarin - hazirlanmasina  yonelik  yeni
yaklagimlar tanitilmaktadyr.

Anabhtar Kelimeler: Yiizer ilag Salim sistemleri, Gastro retentif,
Efervesan, Efervesan olmayan, Yeni yiizen ilag salim sistemleri.
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INTRODUCTION

To maximize the therapeutic effectiveness and
reduce the side effects of drugs, multiple delivery
systems are applied. Oral administration of medici-
nal drugs is currently the most effective route of ad-
ministration owing to its various advantages, such as
low treatment cost, high patient compliance, dosage
form flexibility, and ease of administration (Shivaku-
mar, Gowda, & Kumar, 2004). One of the problems of
oral delivery systems is the short drug residence at the
site of absorption. Gastro retentive drug delivery sys-
tems (GRDDS) can prolong drug residence to several
hours in the gastric area. GRDDS have valuable char-
acteristics, including high therapeutic efficacy and
bioavailability for narrow absorption window drugs
and solubility improvement of less soluble drugs in
environments with high pH. Different methods, in-
cluding floating drug delivery systems (FDDS), have
been introduced for improving the gastric residence

’Ion-effervescent systems} 1

Floating Drug Delivery
Systems

Effervescent systems

of drugs (Garg & Gupta, 2008). This review aims to
describe different techniques used in developing
floating dosage forms, identify their mechanisms of
action and introduce in vitro and in vivo evaluation
methods for them.

Floating drug delivery systems (FDDS)

Davis first introduced FDDS in 1968. These sys-
tems are known to have lower densities than the gas-
tric fluid, remaining buoyant for a long time in the
stomach. They are recognized as an important means
of achieving adequate gastric retention and drug bio-
availability(Badoni, Ojha, Gnanarajan, & Kothiyal,
2012). In addition, they are appropriate systems for
the delivery of drugs, which have a narrow absorp-
tion window in the upper small intestine or stomach
(Singh & Kim, 2000). In view of the buoyancy mecha-
nisms, non-effervescent systems and effervescent sys-
tems, have been applied to develop FDDS (Figure 1).

oating systems based
on polypropylene foam
powder

rlotation chamber filled
with air

Microballoons

Alginate beads

l

' solid core coated by
effervescent layer

CR effervescent tablet

Floating capsule

Raft forming

Figure 1. Classification of Floating Drug Delivery Systems

Non-effervescent systems

Such systems are generally composed of a highly
swellable hydrocolloid in a matrix-forming polymer
such as polycarbonate, polystyrene, polymethacry-
late, or polyacrylate. Typically a polysaccharide or
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a cellulosic compound is used as the swellable part.
Upon contact with gastric fluids, the hydrocolloid is
hydrated and forms a low-density gel network that
entraps the air and can be floated on stomach fluid.
The release of the drug is directly controlled by these
colloidal gels. Hydrophilic drugs are mainly released
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by diffusion mechanism, while hydrophobic drugs are
released by erosion of the outer surface of the system.

Hydrodynamically balanced systems (HBS)

HBS, with gel-forming hydrophilic polymers, are
single-unit dosage forms. The most common excip-
ient is hydroxypropyl methylcellulose (HPMC), al-
though sodium carboxymethyl cellulose (NaCMC),
carrageenan, hydroxyethyl cellulose (HEC), hy-
droxypropyl cellulose (HPC), and alginic acid have
also been applied. Administration of the drug-mixed
polymer is mainly done in a gelatin capsule, which
dissolves in the gastric fluid rapidly. A floating mass is
produced by hydration and swelling of the polymer’s
surface (Figure 2) (Makwana, Sameja, Parekh, & Pan-
dya, 2012; Rastogi, 2016).

L=
5 |~!|. || |" Drug Released
| 4 il

Gielled Capsule

Drug Hydrocollcids i Fillers Gell formed

Figure 2. Hydro dynamically Balanced capsule (Rastogi,
Kumar, Yadav, Hegde, & Rastogi, 2016). Thanks to Dr.

Vaibhav Rastogi for permitting us to use this figure.

Sustained-release HBS tablets (containing hydro-
philic hydrocolloids) were first developed by Sheth
and Tossounian. Following contact with the gastric
fluid, a soft gelatin mass was formed on the tablet
surface, creating a water-impermeable barrier. The
slowly released drug from the gelatin mass surface
remained buoyant on the gastric fluid (Sheth & Tos-
sounian, 1979). In order to prepare ofloxacin HBS
capsules, liquid paraffin, lactose, HPMC K4M, and
polyvinylpyrrolidone K30 (PVP K30) were used. The
capsules were floated without any lag time for more
than six hours. Sustained drug release was reported
in this period ,and its rate was reliant on the amounts
of PVP K30, HPMC K4M, and liquid paraffin content
(A. K. Nayak, Das, & Maji, 2013).

Bomma et al. prepared floating matrix tablets of
norfloxacin, using polymers such as xanthan gum,
HPMC K199M, and HPMC K4M in the wet granu-
lation technique. Prolonged drug release was indicat-
ed by the tablets while floating over the dissolution
medium (Bomma, Naidu, Yamsani, & Veerabrahma,
2009). In addition, Ali J et al. introduced a single-unit
floating capsule to deliver metformin using the HBS
technology. In this system, different low-density
polymers were used. During five hours of examina-
tion, the formulation was found to be buoyant on the
gastric fluid in rabbits. The plasma level-time AUC
increased in the optimized HBS metformin capsules
compared to the immediate-release formulation (Ali
etal., 2007).

Floating systems based on polypropylene foam
powder

Streuble et al. prepared floating microparticles
using polypropylene foam powder and investigated
their performance in vitro. An oil-in-water solvent ex-
traction method was used to prepare the floating mi-
croparticles, which consisted of polypropylene foam
powder. Verapamil HCl was used as a drug, along with
a controlled release polymer (polymethyl methacry-
late, Eudragit® RS, or ethyl cellulose). All formulations
displayed appropriate buoyancy behavior with a wide
range of dissolution profiles (Streubel, Siepmann, &
Bodmeier, 2002). The researchers also developed the
floating tablets based on polypropylene foam powder
in a matrix-forming polymer. The highly porous foam
powder presented inherently low-density systems ca-
pable of floating for at least 8 hours at 0.1 N HCl at
37 ° C. The release properties were strongly related
to drug chemistry and could be modified according
to the ratio of the polymer matrix to the foam pow-
der(Streubel, Siepmann, & Bodmeier, 2003).

Flotation chamber filled with air or harmless gas

Microporous compartment systems are designed
by the principle of drug encapsulation in a com-
partment with pores on its walls (top and bottom)
attached to an air-containing chamber (Harrigan,
1977). For preventing any interactions between the
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undissolved drug and gastric mucus, the peripheral
walls were sealed in the device completely. Using a
low density of microporous chambers, the delivery
system can float on the gastric fluid (Atyabi, Sharma,
Mohammad, & Fell, 1996a). When a limited amount
of gastric juice enters the pores, the drug dissolves and
leaves the dosage form, and is continuously delivered
throughout the intestine. (Hafeez, Maurya, Singh,
Mittal, & Rana, 2013).

Micro balloons or hollow microspheres

Emulsification-solvent diffusion or simple sol-
vent evaporation method was applied to prepare
drug-loaded micro balloons (A. Michaels, 1974). In
developing these systems, cellulose acetate, Eudragit

S, polycarbonate, low methoxy pectin, and calcium
alginate are used (Kawashima, Niwa, Takeuchi, Hino,
& Itoh, 1992). In this regard, Kouchak and Badrian
applied the emulsification-solvent diffusion method
to prepare a multiple-unit oral floating system for
theophylline. After dissolving dibutyl phthalate, the-
ophylline, and ethyl cellulose in the dichlorometh-
ane-alcohol mixture, the compounds were added to
an aqueous medium. Rapid alcohol diffusion in the
aqueous medium and dichloromethane evaporation
while stirring accounted for the formation of an inter-
facial polymer and drug deposition, resulting in the
generation of low-density hollow microspheres with
pores in the shells (Figure 3).

< ) S ) S )} S )
CH,Ch
. by
e @ BN G ER o
CH,CL / \
— NS e N — - — -
O/W emulsion Rapid diffusion of ethanol Evaporation and diffusion Hollow microsphere

of CH,Cl,

Figure 3. Hollow microsphere formation

The produced microspheres showed a spherical
porous shape, which tended to float on the simulat-
ed gastric medium for 12 hours or more. In the scan-
ning electronic micrograph (SEM), the hollow porous
structure of the micro balloon is indicated. One of the
problems in preparation of micro balloons with high
drug content is the solubility of the drug in an aqueous
phase in the process of microsphere formation. One
of the problems in preparing high-drug micro bal-
loons is the solubility of the drug in an aqueous phase
in the process of forming microspheres. Kouchak and
Badrian succeed in increasing theophylline loading of
the micro balloons by adding NaCl 20% to the aque-
ous phase. The saturated solubility of theophylline de-
creased considerably at high concentrations of NaCl,
which increased the encapsulation efficiency of the-
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ophylline (Kouchak & Badrian, 2007). Kouchak et al.
used the mentioned emulsification-solvent diffusion
method to prepare micro-balloon systems contain-
ing diclofenac to increase its gastric emptying time.
In this study, the solubility of diclofenac decreased by
adding HCI 0.1 M into the aqueous phase, resulting in
enhanced loading efficiency (Kouchak & Moghimi-
pour, 2007; Nayak, Malakar, & Sen, 2010). Rishikesh
Gupta et al. introduced an oral multiple-unit famoti-
dine microsphere to target stomach ulcers, using the
modified solvent evaporation method. They used the
Eudragit S-100 as polymer and dichloromethane and
ethanol as solvents. The SEM images indicated the
floating cavity and porous surface of the microsphere
loaded with famotidine (Figure 4) (Gupta, Prajapati,
Pattnaik, & Bhardwaj, 2014).
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Figure 4. SEM image of hollow microspheres (Kouchak & Badrian, 2007).

Joseph et al. using hollow polycarbonate micro-
spheres, designed a floating dosage form of piroxi-
cam. In in vivo studies on healthy rabbits, the phar-
macokinetic data revealed that piroxicam-loaded
polycarbonate microsphere systems could increase
bioavailability and sustained drug delivery over an
extended period. In addition (Joseph, Lakshmi, &
Jayakrishnan, 2002), Thanoo et al. used polycarbon-
ate in the solvent evaporation method to develop sus-
tained-release floating microspheres. In their study,
griseofulvin, aspirin, and p-nitroaniline were applied
as the model drugs (Thanoo, Sunny, & Jayakrishnan,
1993).

For the preparation of hollow microspheres, Sato
et al. used mixtures of Eudragit S with other hydro-
phobic or hydrophilic polymers (e.g., HPMC or EC) to
improve riboflavin release. An increase in the content
of HPMC increased the release of riboflavin, while the
floating features of the microspheres reduced. y-scin-
tigraphy was applied to evaluate riboflavin-containing

micro-balloon. Also, urinary riboflavin excretion was
assessed. The floating system showed a significantly
higher bioavailability, compared to the non-floating
formulation (Sato, Kawashima, Takeuchi, & Yamamo-
to, 2004a, 2004b; Sato, Kawashima, Takeuchi, Yama-
moto, & Fujibayashi, 2004).

Alginate beads

For designing a multiple-unit floating system,
Talukdar and Fassihi used cross-linked beads, which
consisted of Ca?* ions, an anionic polysaccharide, and
sodium alginate. The buoyancy was maintained for
more than 12 hours by using the beads (Talukder &
Fassihi, 2004). Sodium alginate solution was added to
an aqueous calcium chloride solution in this method,
resulting in calcium alginate precipitation. After sep-
aration and drying the beads via air convection and
freeze-drying, a porous system was created (Figure 4)
(Kaushik, Chaurasia, Chaurasia, Mishra, & Bhardwaj,
2011; Mahajan, Gupta, & Sharma, 2010). Malleswari
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prepared alginate beads of stavudine using the iono-
tropic gelation method with HPMC and sodium al-
ginate. The beads showed extended drug release (al-
most 12 hours) and remained buoyant for nearly 12
hours (Malleswari K, 2016). Moreover, Mishra et al.
formulated controlled-release gastro retentive float-
ing gel beads of loratadine using pectin and sodium
alginate, accompanied by oil (mineral or castor oil),
by the emulsion gelation method. They used calcium
chloride solution as the cross-linking agent (Mishra
& Pathak, 2008).

Additionally, Fell et al. prepared floating algi-
nate beads containing amoxicillin through drop-
wise addition of alginate to the CaCl, solution and
freeze-drying the prepared gel beads. The buoyancy
of beads with high drug loadings persisted for 20
hours (Whitehead, Collett, & Fell, 2000). Kumar Dey
et al. developed amoxicillin-loaded floating mucoad-
hesive beads containing sunflower oil using sodium
alginate and HPMC as matrix polymers and Chitosan
as a coating polymer. They used ionotropic gelation
method to prepare the beads. Firstly, an aqueous
solution of sodium alginate, HPMC, and amoxicillin
trihydrate in demineralized water was prepared, and
sunflower oil was added dropwise. The emulsion was
extruded through 5% (w/v) calcium chloride solution,
and the formed beads transferred to chitosan solution
to be coated. All beads were able to float for >24 h
with a maximum lag time of 46.3 + 3.2 s. X-ray study
in rabbit stomach confirmed the gastric retention of
optimized formulation(Dey et al., 2016).

Water penetration

Effervescent systems

Effervescent floating systems can produce CO,
and decrease device density. These systems remain
buoyant for a long time in the stomach. Some of the
FDDS that use an effervescent mechanism in their de-
sign are given in the following sections.

Solid core coated by the effervescent layer

Gas-producing agents (such as citric acid and tar-
taric acid) are utilized as internal effervescent layers
in these systems for gas generation (Figure 5). The
stoichiometric citric acid ratio to sodium bicarbonate
is reported to be optimally 0.76:1 (Michaels, Bashwa,
& Zaffaroni, 1975).

In this regard, Elsamaligy and Bodmeier de-
signed a multiple unit effervescent extended-release
drug delivery system. In addition to adequately con-
trolling the release of drugs with different solubility,
this system showed fast and long buoyancy. Fluidized
bed-coating methods were applied for preparing the
pellet systems, and were evaluated from the points of
drug release, floatation, medium uptake, and swelling
in HCI 0.1 M. In addition, two pellet systems were
studied. The first system included drug-layered sugar
cores, NaHCO, layer, and polymeric top coating. The
second pellet system was coated by three layers, in-
cluding Eudragit® RL 30D top coating, NaHCO, layer,
and drug-containing Eudragit® RS 30D coating. The
Eudragit® RL coating led to adequate medium pene-
tration into the pellet and high CO, entrapment effi-
ciency (Elsamaligy & Bodmeier, 2015).

co,

Drug diffusion

Figure 5. Gas generation of a solid core coated by effervescent layer after placing in water.
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Gastro retentive controlled-release (GCR) effer-
vescent tablets

Tadros developed ten gastro retentive formula-
tions, using HPMC K15M and, or sodium alginate
as release-retarding polymers, along with NaHCO,
or CaCO, as gas formers. The tablets showed accept-
able swelling, floating, and adhesive properties (Tad-
ros, 2010). In addition, Goole et al. developed 3-mm
floating mini tablets containing glyceryl palmitostea-
rate as a meltable binder and tartaric acid, NaHCO,,
and CaCO, as effervescent agents. After preparing
the tablets via melt granulation and compression,
the coating was done with Eudragit® RL 30D and a
flexible membrane was produced. The buoyancy of
mini-tablets was independent of the medium pH; it
occurred within 10 minutes and continued for more
than 13 hours (Goole, Amighi, & Vanderbist, 2008;
Goole, Deleuze, Vanderbist, & Amighi, 2008).

Floating capsules containing effervescent agents

Li et al. prepared floating capsules consisting of
an effervescent mixture, Carbopol 934, and HPMC
with different viscosity grades. They found that the
presence of Carbopol, HPMC viscosity, and poly-
mer-polymer interactions significantly influenced the
buoyancy and release features of dosage forms (Li,
Lin, Daggy, Mirchandani, & Chien, 2002, 2003).

Bicarbonate-loaded Ion exchange resin (IER)
system

Bicarbonate-loaded IER beads can be used to for-
mulate gastro retentive systems. For this purpose, an
ionic drug and bicarbonate ions are attached to an-
ionic resin beads, and the beads were coated with a
semipermeable membrane. After reaching the acidic
stomach environment, chloride and bicarbonate ions
are exchanged. As carbon dioxide is released and
trapped in the membrane, the density of the beads
decreases and they move to the top of gastric fluid
(Anand, Kandarapu, & Garg, 2001; Klausner, Eyal,
Lavy, Friedman, & Hoffman, 2003).

Kouchak and Atyabi prepared a multiple-unit oral
floating dosage system, using Amberlite-IRA900 as
the IER system. It included loading IER beads with

diclofenac and bicarbonate ions using a batch method
and coating them with Eudragit RS or ethyl cellulose.
In the batch method, the ion exchange resin beads and
the solution containing the ion exchange candidate
ions are mixed in a vessel and allowed to equilibrate.
In contact with the simulated gastric fluid, the beads
could generate CO,, and the entrapped gas caused the
coated beads to float (Kouchak & Atyabi, 2004). In
this regard, Atyabi et al. introduced a similar system
using Dowex as an ion exchange resin and loaded it
with bicarbonate ions and theophylline (as the model
drug). The beads were coated with a semipermeable
membrane to overcome rapid CO, loss (Atyabi et al,
1996a; Atyabi, Sharma, Mohammad, & Fell, 1996b).

Raft forming system

The raft forming system consists of an efferves-
cent liquid with in-situ gel properties and buoyancy
capability(Ibrahim, 2009). In this system, the CO, is
generated along with a viscous alginate gel in contact
with gastric fluids.This continuous layer of gel, called
raft, can remain intact and buoyant over the stomach
contents for a long time to facilitate sustained release
of drugs (Fayaz et al., 2018; Vinod et al., 2010). So, an
antacid raft forming system acts as a barrier between
the stomach and the esophagus and prevents the re-
flux of gastric content into the esophagus. In addition,
the alginate layer can adhere to the gastric mucosa
due to its bioadhesive nature (Fayaz et al., 2018).

Kerdsakundee et al. developed new raft forming
systems containing solid dispersions of curcum-
in-Eudragit EPO to provide a long-acting gastric ul-
cer treatment. These formulations were composed of
curcumin-Eudragit EPO solid dispersions, sodium
alginate as a gelling polymer, and calcium carbonate
for creating divalent Ca* jons and carbon dioxide gas.
The solvent evaporation method was used to prepare
the solid dispersions. These new raft forming formu-
lations at 40 mg/kg once daily displayed a higher ther-
apeutic effect on the gastric ulcer than the standard
antisecretory agents: lansoprazole (1 mg/kg, twice
daily) and a curcumin suspension (40 mg/kg, twice
daily)(Kerdsakundee, Mahattanadul, & Wiwattanapa-
tapee, 2015).
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Figure 6. Schematic image of Raft forming system

Novel techniques for preparation of FFDS

Recently, researchers have used novel methods to design floating systems. Regardless of whether their
mechanism is effervescent or non- effervescent, some of them are described in the following section (Figure 7).

In situ gel

| Novel
Recent \ [ floating drug

| mucoadhesive .
\ systems \ del very
y. systems

Nanofiber

Figure 7. Some of the novel floating drug delivery systems
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In situ gelling

Rajinikanth, et al. designed a gastric floating sys-
tem based on in situ gelling mechanism for delivery of
amoxicillin to eradicate Helicobacter pylori. Calcium
carbonate and gellan were used as the gas-releasing
agent and the gelling polymer, respectively. Dissolu-
tion of calcium carbonate in the acidic environment
of the stomach produces calcium jons and leads to ge-
lation of gellan gum. In vivo study showed ten times
effectiveness of the floating system against Helico-
bacter pylori compared to the amoxicillin suspension
(Rajinikanth, Balasubramaniam, & Mishra, 2007).
This author, in another similar study, made a floating
in situ gelling system of clarithromycin using gellan
and calcium carbonate. The increased clarithromy-
cin stability and prolonged gastrointestinal residence
time led to eradication of H. pylori (Rajinikanth &
Mishra, 2008).

Nanocarriers

Nana Chen, et al. prepared novel nanomi-
celles-loaded gastro retentive beads. At first, emo-
din-loaded nanomicelles were prepared by pluronic
F127 and Tween 80 using the thin-film hydration
method. The nanomicelles were coated with chitosan
and tested against human gastric carcinoma. Second-
ly, nanomicelles-loaded floating mucoadhesive beads
(NFM-Beads) were developed by ionotropic gelation
method using sodium carboxymethylcellulose and
aluminum chloride. NaHCO3 as a floating agent was
trapped in this network. The release, swelling, degra-
dation, mucoadhesion, and floating ability of the sam-
ples were investigated in vitro. Also, gastric retention
was evaluated in vivo. They concluded that the NFM-
Beads system could improve the therapeutic potency
of emodin against gastric cancer (Chen et al., 2019).

The insertion of liquid crystalline (LC) monomers
can give molecularly imprinted polymers (MIPs) re-
versible deformation properties in response to dif-
ferent environmental factors. Recently, it has been
shown that liquid crystalline -molecularly imprint-
ed polymers (LC-MIPs) have buoyancy behavior on
the aqueous medium due to their solvent-respon-
sive deformation. LC-MIPs have a much higher ca-

pacity compared to usual MIPs because of their low
cross-linking structure. LC-MIPs were first used as an
FDDS for S-amlodipine delivery (Zhang et al., 2017).

Li-Ping Zhang, et al. fabricated a novel floating
interaction-controlled DDS using LC-MIP coat-
ed multiwalled carbon nanotubes (MWCNTs) and
used levofloxacin as a model template. The levoflox-
acin-loaded MWCNT@LC-MIP showed a combina-
tion of buoyancy and controlled release properties,
which provided high relative bioavailability (Zhang,
Tan, Huang, & Liu, 2018).

Nanofiber-based effervescent pouches

Serdar Tort, et al. reported a nanofiber-based ef-
fervescent approach for producing FDDS. They em-
bedded polyethylene oxide (PEO)/sodium bicarbon-
ate (NaHCO,) cast films into Pramipexole-loaded
electrospun nanofibers fabricated from Eudragit RL
and RS polymers. The PEO/ NaHCO, film released
CO, gas after contact with gastric acid and produced
self-inflating nanofiber pouches filled gas bubbles.
Nanofiber formulations showed floating lag times
lower than 1 second and total floating times more
than 72 h. The system provided the sustained release
of pramipexole more than overnight (Tort, Han, &
Steckl, 2020).

Recent mucoadhesive systems in floating
drug-delivery
Zn-pectinate-sterculia gum  interpenetrating

polymer network (IPN) beads were prepared by
concurrent ionotropic gelation with zinc acetate and
covalent crosslinking with glutaraldehyde. The pecti-
nate-sterculia gum (SG) blend beads could enhance
the duration of gastric retention, which was achieved
by a combination of floatation mechanism and muco-
adhesion. Bera, et al. utilized this system for intragas-
tric ziprasidone HCI delivery. The density of ziprasi-
done HCI -loaded IPN beads was significantly lower
than the density of gastric fluids (0.608 -0.911 + 0.19
g/cm?). The use of zinc acetate as an ionic crosslinker
may be the cause of this low density. The optimized
beads displayed a floating lag time of less than 2 min
and buoyancy ability of more than 63% at eight h.
They showed good mucoadhesive with the goat gas-
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tric mucosa. (See Table 1.) (Bera, Boddupalli, & Nay-
ak, 2015).

Evaluation Tests

Various parameters are usually evaluated for gas-
tro retentive formulations, including floating dura-
tion, specific gravity, dissolution profile, content uni-
formity, and friability. Particle size, flow properties,
mechanical properties, and surface morphology are
also assessed in multiparticulate drug delivery sys-
tems (Arunachalam et al., 2011).

In vitro evaluation
Size and shape measurements

The particle shape and size majorly influence the

dissolution and bioavailability of drugs. Different
methods, including air elutriation analysis, photo
analysis, sieve analysis, optical microscopy, laser dif-
fraction methods, colter counter, ultrasound attenua-
tion spectroscopy, and sedimentation techniques, are
used to measure the particle size (Narang, 2011).

Buoyancy test

This test is commonly carried out in simulated
gastric fluid (SGF) at 37°C. The floating or buoyan-
cy lag time refers to the time needed for the dosage
form to float on the medium surface. Also, the total
buoyancy time is the total quantity of time when the
dosage form is buoyed on the dissolution medium
(Prajapati, Jani, Khutliwala, & Zala, 2013).

Table 1.: polymers used in new floating dosage forms

Floating Dosage Form polymer(s) Drug Ref.
In situ gelling solution Gellan Amoxicillin (Kerdsakundee, 2015)
In situ gelling solution Gellan Clarithromycin (Rajinikanth, 2007)
NFM-Beads ! Pluronic F127 Emodin (Rajinikanth & Mishra, 2008)
Chitosan

Sodium carboxymethylcellulose

(LC-MIP) particles > Methacrylic acid

Ethylene glycol dimethacrylate

S-amlodipine (Chen, 2019)

4- Methyl phenyl dicyclohexyl ethylene

MWCNT®@LC-MIP particles* Methacrylic acid

Ethylene glycol dimethacrylate

Levofloxacin

(Zhang, 2017)

4-Methyl phenyl dicyclohexyl ethylene

Electrospun nanofibers Polyethylene oxide Pramipexole (Zhang, 2018)
Eudragit RL
Eudragit RS

IPN beads * Sterculia gum Ziprasidone HCI (Tort, 2020)
LM-pectin
Resultant weight

1 nanomicelles-loaded floating mucoadhesive beads

2 Liquid crystalline-molecularly imprinted polymer

3 Multiwalled carbon nanotubes (MWCNTs) coated LCMIP

4 Interpenetrating polymer network beads
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To describe buoyancy, floating time and bulk
density are considered the most critical parameters.
However, mere measurement of density is insufficient
for identifying buoyancy, as thickness varies in me-
dia with changes in the resultant weight through time
(Narang, 2011; Rathee P, 2011).

Drug release

For in vitro evaluation of drug release, disso-
lution tests are carried out using a USP apparatus:
apparatus I (Paddle), apparatus II (basket), appara-
tus III (modified disintegration testing apparatus),
or apparatus IV (flow-through cell). These tests are
performed in 0.1M HCI (900 mL) at a stirring rate of
50 or 100 rpm at 37+0.5°C(Jawale, Bairagi, Jaybhai, &
Deshmukh, 2010).

Surface topography

Atomic force microscopy (AFM), SEM, and con-
tact profilometer were used to determine the surface
topography and structure (Arunachalam et al., 2011;
Ichikawa, Watanabe, & Miyake, 1991; Sharma, Agar-
wal, Gupta, & Khinchi, 2011).

Moisture content measurement

The moisture content is seldom necessary. It in-
dicates whether a product has standard features for
production and trade. There are various techniques
for determining the moisture content of formulations,
such as freeze-drying, vacuum drying, Karl Fischer
titration, thermogravimetric methods, and physical
methods (Arunachalam et al., 2011; Klausner et al,,
2003; Sato, Kawashima, et al., 2004a).

Swelling index

The swelling index is measured by evaluating wa-
ter uptake (WU) or weight gain after submerging in
an aqueous medium, especially 0.1 M HCI for a spe-
cific time. After removing the dosage form at regular
intervals, weight changes are determined relative to
time (Narang, 2011; Sharma et al., 2011). WU is de-
termined based on the weight gain percentage:

WU= (Wt - Wo) * 100 / Wo

Where Wo and Wt are the initial weight of dosage

form and weight at time t, respectively. Also, dimen-
sional changes can be determined, considering the in-
crease in the thickness and, or diameter of the tablet
over time (Prajapati et al., 2013; Sharma et al., 2011).

Drug content assessment

The drug content represents the amount of drugs
in each unit. It is measured using HPLC, HPTLC,
spectroscopy, near-infrared spectroscopy, microtitri-
metric methods, or inductively coupled plasma atom-
ic emission spectrometer (Arunachalam et al., 2011;
Tanwar, Naruka, & Ojha, 2007).

Encapsulation efficiency

A significant physicochemical feature of the dos-
age form is its encapsulation efficiency. Various meth-
ods, including ultrafiltration, gel filtration, dialysis
bag diffusion, ultracentrifugation, and microdialysis,
have been suggested to evaluate encapsulation effi-
ciency (Arunachalam et al.,, 2011; Bajpai, Bajpai, &
Sharma, 2007).

Fourier-transform infrared

(FTIR)

spectroscopy

FTIR is commonly applied to detect polymer-
ic, organic, or inorganic materials and functional
groups. The FTIR spectra of pure drugs, polymers (or
other ingredients), and drug-loaded formulations are
used to evaluate drug interactions with the polymer
(Arunachalam et al., 2011; Sonar, Jain, & More, 2007).

In vivo Evaluation
Radiology and scintigraphy

X-ray radiography and gamma scintigraphy can
help determine the dosage form position in the gas-
trointestinal tract; therefore, it is possible to identify
the dosage form passage in this tract and predict the
gastric emptying time. By integrating a radio-opaque
material in a solid dosage form, X-ray visualization
will be enabled to evaluate gastric retention at differ-
ent intervals. Barium sulfate is recognized as com-
monly radio-opaque marker. Also, indirect observa-
tion is facilitated by a scintiscanner using radionu-
clide y-emission in a formulation. The emitting ma-
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terial is mostly **Tc (Horton, Ross, & Darling, 1965;
Shalaby, Blevins, & Park, 1992). However, Razavi et
al. used samarium (III) oxide (***Sm,0,) to radiolabel
the metformin HCl-loaded floating tablet to trace the
dosage form via gamma scintigraphy in the gastroin-
testinal tract. This study was performed on New Zea-
land white rabbits (Razavi et al., 2015).

Gastroscopy

Gastroscopy is an oral endoscopy, which uses vid-
eo systems or fiber optics to visualize the effect of dos-
age form on residence time in the stomach. Moreover,
it provides an accurate analysis of the gastro retentive
system of drug delivery (Prajapati et al., 2013; Soni et
al,, 2011).

MRI imaging

MR, as a relatively safe in vivo approach, is used
to evaluate the gastro-retention of a system. It can be
used to determine the site of ingested dosage form by
radio waves and magnetic fields. In this method, com-
pounds, which have optimal paramagnetic features
(such as ferrous oxide), are integrated into the dosage
form for imaging (Bagul, Patil, Shirsath, Nikam, &
Gujar, 2012; Steingoetter et al., 2003).

13C octanoic acid breath test

This test is used to measure the gastric empty-
ing time of GRDDS systems. Octanoic acid is a me-
dium-chain fatty acid, which is rapidly absorbed in
the duodenum, with subsequent hepatic oxidation
to PCO,. In this molecule, *C isotope replaces the
carbon atom, which enters CO, and comes out in the
breath. After oral administration of a floating system
containing "*C octanoic, the appearance of *CO, in
the breath is mainly associated with the gastric emp-
tying of the dosage form in the duodenum (Perri, Pa-
store, & Annese, 2005). Its analysis requires the col-
lection of several respiratory samples before the use
of *C octanoic acid and then at regular intervals of
15 minutes and 4 hours later, the ratio of *CO, /">CO,
can also be determined by mass spectrometry (IRMS)
or infrared spectrometry (IR)(Bruno et al., 2013).
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The breath test is a non-invasive, non-operator-de-
pendent, reproducible method without any biological
hazards. Moreover, this method is more cost-effective
than other methods (Bagul et al., 2012; Jackson et al.,
2004).

CONCLUSION

The inability to localize and restrain an oral dos-
age form in the upper gastrointestinal tract, i.e., stom-
ach, duodenum, and jejunum and the highly variable
nature of gastric emptying time result in unpredict-
able bioavailability. FDDS has been suggested as a
potential approach for prolonging gastric retention,
controlled delivery, and enhancing the bioavailability
of a drug. In this study, we reviewed different float-
ing systems, which have been developed so far. Two
major classes, including effervescent and non-effer-
vescent FDDS and also application of in situ gels,
nanocarriers, nanofibers, and recent mucoadhesive
systems in the fabrication of floating dosage forms,
were described in detail. In addition, in vitro and in
vivo evaluating methods for assessment of efficiency
of floating systems were discussed.
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