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1. Introduction

ABSTRACT

Introduction: Christian Orthodox fasting has been studied in relation to its
positive health impact. The present review aims to critically summarise
the current data concerning the potential beneficial effects of the dietary
pattern of Christian Orthodox fasting on human health.

Methods: PubMed database was searched, in order to identify the relevant
observational and clinical studies that explore the effect of Christian Or-
thodox fasting on health related outcomes.

Results: Positive effects concerning glucose and lipid control have been ob-
served, whereas there is inconclusive evidence concerning blood pressure.
Concerning weight control, fasters do have lower body mass, and lower
caloric intake during the fasting periods. During fasting, the diet is higher
in fruits and vegetables, iron and folate. However, Calcium and vitamin B2
intakes are lower, and hypovitaminosis D has been noted in monks. Addi-
tionally, monks do present better quality of life and mental health.
Conclusion: Overall, the Christian Orthodox fasting pattern may be bene-
ficial for human health and chronic disease prevention. However, further
studies are recommended on the impact of long-term religious fasting on
HDL cholesterol levels, and blood pressure.

stain from olive oil on weekdays and from fish every
day, except for March 25th and Palm Sunday. During

Orthodox fasting takes place for a total of 180-200
days each year, as imposed by the Christian Orthodox
religion. There are three main fasting periods, with
different foods being prohibited during each fasting
period. During the 40-day Nativity fast, fasters avoid
dairy, eggs, and meat. Also, fasters abstain from fish
and olive oil on Wednesdays and Fridays. During Lent,
which lasts for 48 days, fasters abstain from dairy
products, eggs, and meat. Additionally, fasters also ab-
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the 15-day Assumption fasting fasters abstain from
dairy products, eggs, and meat. Also, fasters abstain
from olive oil on weekdays and from fish every day
except for August 6th. Furthermore, every Wednes-
day and Friday fasters abstains from cheese, eggs, fish,
meat, milk, and olive oil. The week following Christ-
mas, Easter, and the Pentecost fasting prohibitions are
not taking place®2.

However, Orthodox Christians that do fast are like-
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ly to follow various different fasting practices and fast
for different periods, as well®. Different styles of fast-
ing have been investigated, regarding their impact on
human health. Caloric restriction, alternate day fast-
ing, and dietary restriction, as is the Christian Ortho-
dox fast, being the most common ones. Positive health
effects have been described on chronic disease on hu-
mans and animal models when fasting® 2 The Chris-
tian Orthodox fasting has been compared to the Med-
iterranean Diet*, as a form of periodic vegetarianism®.
The Mediterranean Diet, the best-studied dietary pat-
tern in relation to cardiometabolic health exerts great
health benefits.

In view of the above considerations, the present re-
view aims to critically collect and in-depth summa-
rise the current clinical data concerning the potential
beneficial effects of Greek Orthodox Christian fasting
on human health. For this purpose, PubMed database
was comprehensively searched by the use of relative
keywords, in order to identify the relevant observa-
tional and clinical studies.

2.Results
2.1 Cardiometabolic health status

Five studies have currently investigated the impact
of Christian Orthodox fasting on glycaemia (Table 1).
The recent cross-sectional study by Karras et al.® ex-
amined the effects of Christian Orthodox fasting on
cardiometabolic biomarkers in 50 Athonian monks
(with mean age=38.7+10.6 years). Both lipid and glu-
cose indices, as well as homeostasis model assess-
ment of insulin resistance (HOMA-IR) were found to
be within the normal range®. Karras et al.” in a fol-
lowing published paper also compared the diet of
43 males form the general population that regular-
ly fast (20-45 y of age) and 57 age-matched Athoni-
an monks. Monks had better insulin sensitivity, as as-
sessed by HOMA-IR?, compared to the general public.
During the Christmas fasting Sarri et al.® did find a sig-
nificant (p 0,005) decrease on glucose levels after the
fasting period. However, no changes on fasting glu-
cose have been described in a study by Sarri et al.®
during one-year period nor by Basilakis et al.? during
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a40-day period. Hence, fasting might ameliorate glu-
cose control, yet further studies are needed to draw
firm conclusions.

Four studies have currently investigated the role
of Christian Orthodox fasting on blood lipid control
(Table 1). More to the point, Papadaki et al.* under-
took a study in 10 Greek Orthodox Christian monks
aged 25-65 years, with BMI > 30 kg/m2, that lived
in two monasteries in Crete Island, during a fasting
week, and compared them to their normal diet. Meas-
urements were performed during Palm Sunday week
(fasting) and the week following Pentecost Sunday
(non-fasting). Interestingly, the blood lipid profile was
better during the fasting week. Specifically, total and
LDL cholesterol levels were significantly higher at the
end of the non-fasting week, and a non-significantin-
crease in HDL cholesterol was observed. During the
fasting week the ratio of total to HDL cholesterol was
lower, but serum triglycerides were higher. Fasting
may have significantly contributed to the observed
favourable biomarker profiles among this group who
fast for 24.4 (£10.4) years'’. In addition to this, con-
sidering the impact of Christian Orthodox Christian
fasting on serum lipoproteins, Sarri et al.? found that
atthe end of the fasting period fasters had 12.5% low-
er total cholesterol and 15.9% lower LDL cholester-
ol than non-fasters. The LDL/HDL ratio was lower in
fasters, but the change in HDL cholesterol in fasters
was not statistically significant. Similar results were
found when the pre- and after-fasting values of fast-
ers were compared. However, no change was noted
in non-fasters®. Moreover, Basilakis et al.?, in their 40-
day (fasting and non-fasting days) study on 36 nuns
and monks, found a decrease in dietary and plasma
cholesterol, an increase in triglycerides and a moder-
ate drop in LDL/HDL during fasting®. A recent study
in 60 healthy overweight Greek adults was conduct-
ed to compare the effects of Greek Orthodox fasting
and time-restricted fasting on blood lipids. Energy re-
stricted Orthodox fasting for 7 weeks resulted in sig-
nificant reductions on total HDL and LDL cholesterol.
Total cholesterol and HDL cholesterol were further
reduced during Orthodox fasting than time-restrict-
ed fasting, despite similar anthropometric measure-
ments'’. Positive effects on total and LDL cholesterol
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have been noted, yet the impact on HDL cholesterol is
not yet clear. Subjects were not on lipid control med-
icines, hence studies on fasters under lipid lowering
drugs may have dissimilar results, while the effect of
fasting on blood lipids is not evident 6 weeks after the
end of the 6 week fasting period (Lent)!%

Two studies have investigated the effect of fast-
ing on blood pressure (Table 1). Sarri et al.'® inves-
tigated changes on blood pressure indices in fasters.
Blood pressure changes of 38 devout Orthodox Chris-
tian fasters and 29 matched controls living in Crete Is-
land for one year were investigated. Data were gath-
ered before and at the end of the three major fasting
periods of the Orthodox Christian calendar (Christ-
mas, Easter & Assumption). Throughout the study
fasters had higher mean systolic and diastolic blood
pressure than controls. Non fasting period had a sig-
nificant blood pressure lowering effect on fasters. To-
wards the end of fasting periods, fasters’ prevalence
of Christmas and Lent “high-normal” blood pressure
was higher than that of the controls, while it was re-
duced during the Assumption and reached the very
low levels of controls. Blood lipids were significantly
associated with SBP/DBP at most measurements. In
the study by Papadaki et al.!? systolic, but not diastolic
blood pressure was significantly higher while fasting.
Greek Orthodox religious fasting diet did not seem to
exert an observable effect on blood pressure.

2.2. Weight control

The impact of fasting on body mass and weight con-
trol has been investigated in four studies (Table 2).
A recent study by Karras et al.” with 43 males form
the general population that regularly fast (20-45y
of age) and 57 age-matched Athonian monks found
that monks had lower BMI, and lower body fat mass’.
Moreover, Basilakis et al.? undertook a 40-day (fast-
ing and non-fasting days) prospective study on 36
nuns and monks, and found that fasting led to a de-
crease of weight, upper arm circumference and tri-
ceps skinfold thickness®. However, a non-statistically
significant decrease on monks’ body mass was ob-
served by Papadaki et al.’°, while Sarri et al.? found
that fasters had 1.5% lower BMI than non-fasters at
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the end of the fasting period, while a 1.4% decline of
BMI was also observed in fasters after the fasting pe-
riod®. Hence, Christian Orthodox fasting may benefit
weight control.

2.3 Nutrient intakes and sufficiency status

Diet quality, as well as macronutrient and micronutri-
ent intakes during Orthodox fasting is an important
issue to consider, especially when taking into account
the fact that fasting takes place 180-200 days per year.
Several studies have investigated the intakes and the
nutrient status of fasters (Table 3).

During fasting, caloric intake decreases. In this as-
pect, Basilakis et al. observed a decrease in caloric in-
take during fasting by 20%?, while Sarri et al.* found
that fasters presented a decrease of 180 kcal ener-
gy intake, while there was an increase of 137 kcal in
the controls during fasting period. Karras et al.® found
that Athonian monks had low energy intake during
both restrictive and non-restrictive fasting days, while
carbohydrate and saturated fat intakes were lower,
and protein was higher during the “restrictive days”®.
In another study by Karras et al.’, 43 males form the
general population that regularly fast (20-45 y of age)
and 57 age-matched Athonian monks were enrolled.
Monks had lower daily total caloric intake for both
“restrictive” and “non-restrictive days” than the gen-
eral public.

Considering other macronutrients’ intake during
fasting, monks and fasters had lower intakes of total
and saturated and trans fats*'°, and higher intakes of
dietary fibre* %13 and lower protein intake®.

Consumption of legumes and fish/seafood are in-
creased during fasting, and consumption of dairy
products, meat and eggs are increased significantly af-
ter the fasting week. Considering dietary components,
Sarri et al.!? found that compared to controls, fasters
increased fruit and vegetable consumption during the
fasting periods and decreased their sodium intake.

Considering micronutrient intakes, Sarri et al.'* ob-
served an increase of magnesium intake during fast-
ing. Papadaki et al.'® and Sarri et al.* have also ob-
served higher folate intakes during fasting. As far
as iron status is concerned, Sarri et al.'* undertook
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Table 1. Studies concernin

Cardiometa-
bolic factor

Study popula-
tion

the impact of Orthodox fasting on cardiometabolic factors

Study period

Main Results

Author,
Date

Ref number

Glucose
Control

Cross-sectional
study in 50
Athonian monks
(mean
age=38.7+£10.6
years)

Restrictive and Non-
Non-Restrictive fast-
ing days

Glucose indices and
HOMA-IR in normal
levels

Karras et
al,, 2017

43 males form
the general
population that
regularly fast
(20-45 y of age)
and 57 age-
matched Atho-
nian monks

Monks had better
HOMA-IR

Karras et
al,, 2018

37strict fasters
(18 males, 19
females, mean
age 43.0 + or -
13.1 years), vs
48 age-and sex-
matched con-
trols (21 males,
27 females;
mean age 38.6 +
or - 9.6 years)

40 days

Significant decrease
on glucose levels after
the fasting period

Sarri et al.
2009

120 Greek
adults were fol-
lowed longitu-
dinally (60 fast-
ers, 60 non-
fasters)

1year

No changes on fasting
glucose on fasters

Sarri et al.
2003

36 (25 women &
11 men) monks
from 5 Greek
monasteries

40 days

No changes on fasting
glucose

Basilakis et
al.,, 2002
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Table 1. Studies concerning the impact of Orthodox fasting on cardiometabolic factors

(continued) _ )
1 fasting week vs End of the non-fasting
non-fasting week week: Ttotal and LDL
10 Greek Ortho- cholesterol
.. dox Christian (measurements on NSTHDL cholesterol .
Blgz:tz)};ld monks aged 25- | Palm Sunday week P?fag?)lglgﬂ 10
65 years, with (fasting) and the During the fasting N
BMI > 30 kg/m? | week following Pen- | week: ltotal:HDL cho-
tecost Sunday (non- lesterol
fasting) Tserum triglycerides
112.5% total choles-
terol & 115.9% LDL
cholesterol, than non-
fasters.
120 Greek ILDL/HDL in fasters,
adults were fol- NS change on HDL
. cholesterol in fasters .
lowed longitu- L Sarri et al.
. 1year Similar results were 8
dinally (60 fast- 2003
ers. 60 non- found when the pre-
fz;sters) and after-fasting val-
ues of fasters were
compared.
No change was noted
in non-fasters.
36 (25 women & ldietary and plasma
cholesterol S
11 men) monks . . Basilakis et
from 5 Greek 40 days Ttriglycerides al. 2002 9
monasteries ! LDL/HDL during N
fasting
313:?}2":&?“’ Lower total cholester-
adults follov\i]ed ol after Orthodox Fast-
a hypocaloric ing than time restrict-
diet based on ed fasting
Orthodox Fast- (178.40 + 34.14 vs
ing 197.09 £ 29.61 mg/d],
7 weeks p 0.028) Iz(l?rl;z)szelt 11
23 BMI matched N
healthy adults Lower HDL cholester-
follode ahy- ol after Orthodox Fast-
pocaloric tirr{e ing than time restrict-
restricted eating ed fasting (51.01
lan 11.66 vs 60.13 + 15.93
P mg/ dl, p 0.013)
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Table 1. Studies concerning the impact of Orthodox fasting on cardiometabolic factors

. 29 overweight,
continued ’
( ) but healthy
adults followed
a hypocaloric
Offlfob(;s;(}j?;st- Total cholesterol, HDL
- and LDL cholesterol
ng duced at 7
7 weeks and 6 weeks wererecu Karras et
weeks and increased 12
16 age- and follow up al, 2021
. at 6 weeks after Or-
weight- thodox fasting cessa-
matched healthy tion J
adults followed
a hypocaloric,
time restricted
eating plan
Fasters had Tmean
38 devout Or- SBP and SBP th.an con-
L 1 year (measure- trols. |BP during the
thodox Christian . >
ments before and at non fasting period .
Blood Pres- | fastersand 29 Sarri et al,,
the end of the three 13
sure Control | matched con- . . - - . 2007
P major fasting peri- | Blood lipids were sig-
trols living in oo .
Crete ods) nificantly associated
with SBP/DBP at most
measurements.
1 fasting week vs
non-fasting week
10 Greek Ortho-
dox Christian (measurements on Papadaki et
monks aged 25- | Palm Sunday week TSBP while fasting all) 2008 10
65 years, with (fasting) and the N
BMI > 30 kg/m? | week following Pen-
tecost Sunday (non-
fasting)

a study with 35 Greek Orthodox Christian strict fast-
ers (17 male & 18 female, with mean age 43.6+/-13.2
years) and 24 controls (11 male &13 female, with
mean age 39.8+/-7.6 years) whose iron status was
studied before and near the end of the Christmas fast-
ing period (meat and dairy are prohibited). Fasters
had marginally worse pre-fasting haematological in-
dicators, yet values were well above the cut-off lev-
els, suggesting that long-term religious fasting did not
negatively affect iron status. Notably, during the fast-
ing period, the changes in iron status measurements
were more beneficial for fasters than for non-fasters.
In particular, fasters increased their ferritin levels and
decreased their total iron-binding capacity, especial-

ly female fasters. No one presented iron deficiency at
the end of the fasting period. At the end of the fasting,
dietary iron intake was significantly higher in fast-
ers compared to non-fasters. Hence, fasting did not
impact on iron status and was not associated with a
significantly greater degree of iron deficiency in fast-
ers with normal iron status'. This result was in ac-
cordance with the observed increase on iron intake
by Papadaki et al.'°. In another study by Sarri et al.,
120 Greek Orthodox Christians from Crete were fol-
lowed for 1 year. Half of the subjects fasted regular-
ly, and half did not (non-fasters). Before and near the
end of fasting-period days, measurements were per-
formed, and there were no differences for other vita-

7
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mins or minerals, before and after fasting, except for
vitamin B2*.

Karras et al.® found low vitamin D levels and high
parathyroid hormone (PTH) with normal serum cal-
cium levels in 50 Athonian monks in two of their pub-
lished studies®”. Both Papadaki et al.!® and Sarri et al.*
13 found that calcium intake decreased during fasting.

Considering the impact of fasting on antioxidant vi-
tamins A and E status, Sarri et al. undertook a study
with 37 strict fasters, mainly priests and nuns (18
males, 19 females, mean age 43.0£13.1 years), and
48 age- and sex-matched controls (21 males, 27 fe-
males; mean age 38.6+9.6 years) that were studied
before and at the end of the Christmas fasting period.
Both groups had good levels of vitamins A and E. Fast-
ers had higher baseline levels of vitamins A and E than
controls, however, the levels were reduced during the
fasting period, while the levels increased for the con-
trols. The changes of serum vitamin levels during the
fasting period were significantly related to changes in
total cholesterol, whereas vitamin E levels were also
correlated with changes in LDL and total cholester-
ol/HDL ratio®.

Consequently, energy intake decreases during fast-
ing, yet diet quality is better, with higher folate, iron,
and magnesium intakes, as well as higher fibre, and
lower saturated and trans fatty acids intakes. Cal-
cium and vitamins D and B2 intakes are a concern,
nonetheless.

2.4 Headaches

Mitsikostas et al.'® investigated the frequency of head-
ache among Athonian monks, who apart from their
different diet, also had a different way of life and sleep
programme. 8.68% of the participant monks did suf-
fer from headaches, which was less frequent than
the general population. The prevalence of migraine
was 1.78%, of tension headache 3.34%, and of mixed
headaches 1.87%. Cluster headache was not traced.
Ninety percent of the monks who suffered from head-
aches had high scores on the Hamilton Scale for anxie-
ty and depression (scored <16). Interestingly, during
the fasting periods, the frequency and the intensi-
ty of headaches was increased in the majority of the

8
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monks?®,
2.5 Lifestyle and mental health

Adherence to a healthy diet has been associated with
better mental health across the lifespan'¢'8, The im-
pact of Greek Orthodox fasting on mental health has
not been thoroughly investigated, despite the impact
of being religious on ethical values and mental health
practices (eg. alcohol use) (Table 4).

A cross-sectional study examined the Health-Re-
lated Quality of Life of Orthodox Christian Athonian
monks and its correlation with demographic char-
acteristics and Sense of Coherence (SOC-13). 166
monks (mean age 45.5 + 13.0 years) from two mon-
asteries and one scete participated in this study. SF-
12 and SOC-13 scales were completed by the monks.
83.7% of the monks lived in communal monaster-
ies, and the mean number of years as monks was
18.4 + 12.1. Monks had lower physical activity lev-
els (according to the Physical Component Summa-
ry score) than the general Greek men population, be-
lieved that their physical health was worse than the
general public’s health, but they had better mental
health status (according to the Mental Component
Summary score). That, it was documented that liv-
ing in Mount Athos for longer period and higher SOC
score may have a protective role on the monks’ mental
health®. In another study, semi-structured personal
interviews were used to investigate a stratified sam-
ple of 20 to 65 year old participants that followed the
Greek Orthodox Christian lifestyle. Adoption of this
lifestyle was related to healthier behaviours (such as
relaxation, life satisfaction, healthful nutrition, per-
sonal hygiene, and physical activity), independent of
socio-demographic factors and health status?. In 24
strict fasters and 27 control participants with simi-
lar depressive symptoms distribution, where adipose
tissue DHA was inversely associated with depression,
adherence to the adoption of Orthodox Christian diet
was strongly associated with adipose DHA levels com-
pared to controls, which may protect against chron-
ic physical and mental diseases?®'. Recently, Spana-
ki et al.?? found that middle aged and elderly people
who fast have lower levels of anxiety and depression
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Table 2. Studies concerning the impact of Orthodox fasting on weight control

Study population Study period Main Results Author, Date | Refnumber
43 males form the
general population
ﬂg;gfjg“%?ﬁ fg;’ t i Monks had lower BMI, and | Karras et al., 7
yolag lower body fat mass 2018
and 57 age-
matched Athonian
monks
36 (25 women & 11 Fas.tmg ledtoa decrgase of -
weight, upper arm circum- | Basilakis et
men) monks from 5 40 days . . 9
. ference and triceps skin- al.,, 2002
Greek monasteries .
fold thickness
1 fasting week vs non-
10 Greek Orthodox fasting week
Christian monks .
aged 25-65 years, (measurements on Palm NS | on monks’ body mass Papadaki et 10
. Sunday week (fasting) al. 2008
with BMI > 30 .
ke /m? and the week following
8 Pentecost Sunday (non-
fasting)
0,
120 Greek adults Fasters had 11.5% BMI
than non-fasters at the end
were followed lon- . . . .
itudinally (60 1year of the fasting period, while | Sarri etal,, g
5 a 11.4% on BMI was in 2003
fasters, 60 non- .
fasters after the fasting
fasters) .
period

scores, as well as better cognitive function, than those

who do not fast.

3. Conclusions

Christian Orthodox fasting has been studied the last

decades, with results indicating a positive overall
health effect. In particular, positive effects concerning
glucose and lipid control have been observed, howev-
er, there is inconclusive evidence concerning blood
pressure. Especially for lipid control, certain studies
have indicated a positive impact of Orthodox religious

9
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Table 3. Studies concerning t

Nutrient Study.popula- Study period Main Results Author, Ref num-
tion Date ber
36 (25 women
& 11 men) 1 20% caloric intake | Basilakis et
Energy monks from 5 40 days during fasti 9
uring fasting al,, 2002
Greek monas-
teries
120 Greek
adults were fol- -180 kcal/day in fast-
lowed longitu- 1year ers and +137 Sarri et al., 4
dinally (60 fast- kcal/day in controls 2004
ers, 60 non-fast- during fasting period
ers)
50 Athonian
monks (mean
age=38.7£10.6
years)
& Athonian monks had | Karras et
43 males form | Restrictive and Non- low energy intake al, 2017
the general Non-Restrictive fast- | during both restric- & 6,7
population that ing days tive and non-restric- | Karras et
regularly fast tive fasting days al, 2018
(20-45y of age)
and 57 age-
matched Atho-
nian monks
50 Athonian - lcarbohydrate & satu-
. Restrictive and Non- .
Macronutri- monks (mean Non-Restrictive fast- rated fat intakes Karras et 6
ents and foods | age=38.7+10.6 . T protein during the al, 2017
ing days ,‘ . »
years) restrictive days

fasting on total and LDL cholesterol. As far as weight  higher fibre intakes, as well as higher iron and folate
loss is concerned, fasters had lower body mass, and  intake, which have been previously associated with
lower caloric intake during the fasting periods. better mental health, as well. However, calcium and

Diet quality did improve during fasting, with high-  vitamin B2 intakes were lower, and hypovitaminosis

er fruitand vegetable consumption, and consequently D has been noted in monks.

10
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Table 3. Studies concerning the impact on nutrient intakes and sufficiency

(continued)

lintakes of total and
saturated and trans
fats

10 Greek Ortho- T fibre during fasting
dox Christian . .
monks aged 25- I}Of;‘?auslgl‘:ves\l;e‘éi TLegumes and eliaaliag glgg 10
65 years, with § fish/seafood during '
BMI > 30 kg/m?2 fasting,
Tdairy products, meat
and eggs after the
fasting week
Fasters (vs controls) |
a dilztg v(\;llt;igkfol- dietary cholesterol,
. total fat, saturated .
lowed longitu- 1 vear fatty acids. trans-fa Sarri et al. 4
dinally (60 fast- y Y o ty 2004
ers. 60 non-fast- acids & protein, and T
! ers) fibre at the end of the
fast
35 Greek Ortho-
dox Christian
strict fasters
(n=17 male,
n=18 female; 40 days
mean age i .
43.6+/-13.2 Measurements be Mibre intake Sarri et al. 14
ears) and 24 fore and near com- 2005
c};ntrols (n=11 pletion of the Christ-
male, n=13 fe- mas fasting
male; mean age
39.8+/-7.6
years)
38 devout Or- 1 year (measure-
.thOdOX Chris- ments before and at | Tfruitand vegetable .
tian fasters and . . Sarri et al
the end of the three | consumption during 13
29 matched . . . . : 2007
controls living major fasting peri- the fasting periods
in Crete ods)

11
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Table 3. Studies concerning the impact on nutrient intakes and sufficiency

(continued) 38 devout Or- 1 year (measure- lSodium intake
dan fasters and | memsbeforeandat | VUSRS o
Micronutrients 29 matched the end of the three LCalcium intake 2007 13
controls living major fasting peri-
in Crete ods) during fasting
10 Greek Ortho-
dox Christian . . .
monks aged 25- 1 fasting week vs TFolate intake Papadaki 10
65 years, with non-fasting week TIron intake etal. 2008
BMI > 30 kg/m?
35 Greek Ortho-
dox Christian
strict fasters Longterm religious
(n=17 male, fasting does not nega-
n=18 female; 40 days tively affect iron sta-
4?231/1_:’11%62 Measurements be- tus Sarri et al. 14
ea.rs) and .24 fore and near com- Fasters T ferritin lev- 2005
c}:)ntrols (n=11 pletion of the Christ- els and ! total iron-
male, n=13 fe- mas fasting binding capacity, es-
male; mean age pecially females
39.8+/-7.6
years)
No differences for
120 Greek other vitamins or
adults were fol- minerals, before and
lowed longitu- 1 vear after fasting, except | Sarrietal. 4
dinally (60 fast- y for vitamin B2 2004
ers, 60 non-fast-
ers) lCalcium intake dur-
ing fasting

12
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Table 3. Studies concerning the impact on nutrient intakes and sufficiency

(continued) 50 Athonian

monks (mean
age=38.7+x10.6
years)
&
43 males form
the general

Restrictive and Non-
Non-Restrictive fast-

Karras et
lvitamin D levels and al. 2017
TPTH with normal se- & 6,7

age- and sex-
matched con-
trols (21 males,
27 females;
mean age
38.6%9.6 years)

mas fasting

population that ing days rum calcium levels Karras et
regularly fast al. 2018
(20-45y of age)
and 57 age-
matched Atho-
nian monks
37 strict fasters, lVitamin A & E levels
(18 males, 19 during the fasting
females, mean 40 days period for fasters
age 43.0x13.1 These change were
years), and 48 Measurements be- related to changes in Sarri et al.

fore and near com-
pletion of the Christ-

total cholesterol. 5
Vitamin E levels were 2009
correlated with
changes in LDL and
total cholesterol/HDL
ratio

However, considering headaches, despite the fact
that monks had lower headache prevalence, the aches
were increased during fasting. As far as lifestyle fac-
tors and mental health are concerned, monks did
present better quality of life and mental health than
the general population.

Previous reviews have examined the health impact
of the Christian Orthodox fasting and have also re-
ported positive effects on blood lipids?3. A systemat-
ic review of ten studies by Koufakis et al.?* noted a
caloric restriction during fasting, accompanied by a
decrease on fat intake, and an increase in carbohy-
drate and fiber intake. Improvements on blood lipid

control have been noted throughout the studies espe-
cially on total and LDL cholesterol levels, yet with in-
consistent findings on HDL cholesterol. Also, the low-
er dietary intakes of vitamins D and B12, and minerals
especially calcium were a concern®*.

The Christian Orthodox Fasting diet pattern can be
compared to a pescatarian or flexitarian diet. Pes-
catarians follow a vegetarian diet, yet eat fish. Flex-
itarians consume no processed meat, low amounts
of red meat and sugar, moderate amounts of poultry,
dairy, and fish, and high amounts of fruits, vegeta-
bles, legumes, and nuts?. Derbyshire et al.?° reviewed
25 studies concerning the role of the adherence to a

13
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Table 4. Studies concerning the impact of Orthodox fasting on wellbeing

Study population Study period Main Results Author, Date | Refnumber
Monks had ! physical activity lev-
166 mo:;s (mean els than the general Greek men
population, believed that their (Merakou et
L;rsc.)fnitvlv%(r)n}:)e:;ss-) i physical health was worse than the al,, 2017) 19
teries and one scete general public, but they had Tmen-
tal health status
Zpoeg;fjxﬁirfgll_d Adoption of this lifestyle was re-
lated to healthier behaviors inde- | Chliaoutakis
lowed the Greek - . . 20
Orthodox Christian pendent of socio-demographic fac- etal. 2002
lifestyle tors and health status
No difference on depressive symp-
toms distribution,
adipose tissue DHA was inversely
. associated with depression, .
24 Stzr";cz(fiiirl': and - Adherence to the Orthodox Chris- Sa;r(l) g ; al. 21
tian diet was correlated with adi-
pose DHA levels compared to con-
trols, which may protect against
chronic diseases
Lower levels of anxiety and depres-
105 fasters and 107 i sion scores, and better cognitive Spanaki et al., 22
non-fasters function, in people who fast vs 2021
those who do not fast

flexitarian diet on health, and specifically on body
weight, cancer, diabetes and metabolic syndrome,
and diet quality. The authors did find that such diet

14

pattern may be related to weight loss and better met-
abolic health, with reduced diabetes risk and hyper-
tension, and may possibly help patients with inflam-
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matory bowel disease due to the high fibre intake?¢.
Additionally, according to a recent report published
on The Lancet on sustainable nutrition, it was not-
ed that adherence to a flexitarian diet was associat-
ed with a reduction on incidence of premature mor-
tality by 19%2°. However, another review highlighted
that adherence to a vegetarian or flexitarian diet may
be associated with greater risk of eating disorders,
yet the results of the existing studies are conflicting?’.
Considering vegetarian diets, Tonstad et al.?® exam-
ined the health effects of different types of vegetarian
diets, and found a protective effect against type 2 dia-
betes for pescatarian and semi-semi-vegetarian diets,
compared to non-non-vegetarian diets?.

Dietary guidelines around the globe do focus on a

References

1. Trepanowski J.E, Bloomer R.J., The impact of
religious fasting on human health. Nutr. J. 9,
57,2010.

2. Trepanowski J.F, et al., Impact of caloric and
dietary restriction regimens on markers of
health and longevity in humans and animals: a
summary of available findings. Nutr. J. 10, 107,
2011.

3. Quinton R.K, Ciccazzo M. Influences on East-
ern Orthodox Christian Fasting Beliefs and
Practices. Ecol. Food Nutr. 46(5-6), 469-491,
2007.

4, Sarri K.0,, et al.,, Greek Orthodox fasting rituals:
a hidden characteristic of the Mediterranean
diet of Crete. Br. ]. Nutr. 92(2), 277-84, 2004.

5. Sarri K., et al., The effect of periodic vegetari-
anism on serum retinol and alpha-tocopherol
levels. Int. J. Vitam. Nutr. Res. 79(5-6),. 271-80,
2009.

6. Karras S.N., et al. Health benefits and conse-
quences of the Eastern Orthodox fasting in
monks of Mount Athos: a cross-sectional study:.
Eur. J. Clin. Nutr. 71(6), 743-749, 2017.

7. Karras S.N,, et al.,, Christian Orthodox fasting
in practice: A comparative evaluation between
Greek Orthodox general population fasters and

Giaginis C. et al, Pharmakeftiki, 34,1, 2022 | 2-16

healthy, varied, inclusive diet, with emphasis on plant-
based foods, that could be compared to both a flexitar-
ian or Mediterranean Diet, as well as the Greek Ortho-
dox /Monastic Diet?>2°3% in order to prevent physical
and mental illness.

Overall, the guidelines and the lifestyle that accom-
panies the Christian Orthodox fasting may be benefi-
cial for human health and disease prevention. Further
studies are recommended on the impact of long-term
religious fasting on HDL cholesterol levels, and blood
pressure, while the use of this periodic vegetarianism
should be further studied as a measure of medical nu-
trition therapy in patients with chronic diseases, such
as diabetes, cardiovascular disease and hypertension,
as well as depression and anxiety. [

Athonian monks. Nutrition. 59,. 69-76, 2018.

8. Sarri K.O., et al. Effects of Greek Orthodox
Christian Church fasting on serum lipids and
obesity. BMC Public Health. 3, 16, 2003.

9. Basilakis A, et al. Nutritional study in Greek-Or-
thodox monasteries-Effect of a 40-day reli-
gious fasting. Akt. Erndhr. Med. 27, 250-255,
2002.

10. Papadaki A, et al. Calcium, nutrient and food
intake of Greek Orthodox Christian monks
during a fasting and non-fasting week. Public
Health Nutr. 11(10), 1022-9, 2008.

11. Karras S.N,, et al. Effects of orthodox religious
fasting versus combined energy and time re-
stricted eating on body weight, lipid concen-
trations and glycaemic profile. Int. J. Food Sci.
Nutr. 72(1), 82-92, 2021.

12. KarrasS.N,, etal. Similar late effects of a 7-week
orthodox religious fasting and a time restrict-
ed eating pattern on anthropometric and met-
abolic profiles of overweight adults. Int. J. Food
Sci. Nutr. 72(2), 248-258, 2021.

13. Sarri K, et al. Does the periodic vegetarianism
of Greek Orthodox Christians benefit blood
pressure? Prev. Med. 44(4),. 341-8, 2007.

14. Sarri K.O., Kafatos A.G., Higgins S. Is religious

15



®APMAKEYTIKH, 34,1, 2022 | 2-16

AP®OPO ENIZKOITHXHX

PHARMAKEFTIK]I, 34, 1, 2022 | 2-16

15.

16.

17.

18.

19.

20.

21.

22.

16

fasting related to iron status in Greek Orthodox
Christians? Br. J.Nutr. 94(2), 198-203, 2005.
Mitsikostas D.D. et al. An epidemiological
study of headache among the Monks of Athos
(Greece). Headache 34(9),.539-41, 1994.
Acik M., Cakiroglu F.P. Evaluating the Relation-
ship between Inflammatory Load of a Diet and
Depression in Young Adults. Ecol. Food Nutr.
58(4), 366-378, 2019.

Adjibade M., et al. Prospective association be-
tween adherence to the Mediterranean diet
and risk of depressive symptoms in the French
SU.VLMAX cohort. Eur. J. Nutr. 57(3), 1225-
1235, 2018.

Ye X,, et al., Mediterranean diet, healthy eating
index 2005, and cognitive function in mid-
dle-aged and older Puerto Rican adults. J. Acad.
Nutr. Diet. 113(2), 276-81.e1-3,2013.
Merakou K, et al. Health-related quality of life
of a very special population: monks of Holy
Mountain Athos, Greece. Qual. Life Res. 26(11),
3169-3175, 2017.

El Chliaoutakis J., et al. Greek Christian Ortho-
dox Ecclesiastical lifestyle: could it become a
pattern of health-related behavior? Prev. Med.
34(4, 428-35,2002.

Sarri K.O., et al. Adipose DHA inversely associ-
ated with depression as measured by the Beck
Depression Inventory. Prostaglandins Leukot.
Essent. Fatty Acids. 78(2), 117-22,2008.
Spanaki C., et al. The Christian Orthodox
Church Fasting Diet Is Associated with Lower
Levels of Depression and Anxiety and a Better
Cognitive Performance in Middle Life. Nutri-

23.

24.

25.

26.

27.

28.

29.

30.

31.

REVIEW ARTICLE

ents. 13(2), 2021.

Koufakis T., et al. Orthodox religious fast-
ing as a medical nutrition therapy for dys-
lipidemia: where do we stand and how far
can we go? Eur. J. Clin. Nutr. 72(4), 474-479,
2018.

Koufakis T, et al. Effects of Orthodox religious
fasting on human health: a systematic review.
Eur. J. Nutr. 56(8), 2439-2455, 2017.
Springmann M., et al. Health and nutrition-
al aspects of sustainable diet strategies and
their association with environmental impacts:
a global modelling analysis with country-lev-
el detail. The Lancet. Planetary Health. 2(10),
e451-e461, 2018.

Derbyshire E.]. Flexitarian Diets and Health:
A Review of the Evidence-Based Literature.
Front. Nutr. 3,55-55, 2017..

Forestell C.A. Flexitarian Diet and Weight Con-
trol: Healthy or Risky Eating Behavior? Front.
Nutr. 5,59-59, 2018..

Tonstad S., et al. Type of vegetarian diet, body
weight, and prevalence of type 2 diabetes. Dia-
betes Care. 32(5), 791-6, 2009.

Katz D.L., Meller S. Can we say what diet is best
for health? Ann. Rev. Public Health. 35,. 83-
103,.2014.

Kimokoti R.W.,, Millen B.E. Nutrition for the
Prevention of Chronic Diseases. Med. Clin.
North Am. 100(6), 1185-1198, 2016.

Sofi F, et al. Mediterranean diet and health sta-
tus: an updated meta-analysis and a proposal
for a literature-based adherence score. Public
Health Nutr. 17(12), 2769-82, 2014.



ZITA

“PAPMAKEYTIKH

www.hsmc.gr/en/pharmakeftiki-journal/

MEDICAL 2
MANAGEMENT =
$APMAKEYTIKH, 34,1, 2022 | 17-26 EPEYNHTIKH EPTAXIA
PHARMAKEFTIK]I, 34, 1, 2022 | 17-26 RESEARCH ARTICLE

Selection of the Carrier for Obtaining Dry Extract

of Acorus calamus Leaves

Olena Ruban!, Oleksiy Andryushayev'*, Yuliia Maslii', Maryna Khalavka', Elena Bezchasnyuk?
1Department of Industrial Technology of Drugs, National University of Pharmacy, 53,

Pushkinska str., Kharkiv, Ukraine

2State research laboratory for quality control of medicines, National University of Pharmacy, 53,

KEYWORDS:

Acorus calamus;
pharmaceutical
technology; dry extract;
drying process

Article Info:

received January 10, 2022

in revised form February 23, 2022
accepted March 1, 2022

available on line April 1, 2022

* CORRESPONDING
AUTHOR:

Oleksiy Andryushayev,

E-mail: linuks454@gmail.com

1. Introduction
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ABSTRACT

Abstract: Sweet flag (Acorus calamus L.) is a world-famous medicinal plant
with valuable therapeutic properties. Numerous modern scientific re-
searches described a wide range of therapeutic activity of the calamus and
extracts from it, providing the expediency of the development of a drug
based on this raw material. The main issue in our study was to determine a
rational way to introduce Acorus calamus extract into a solid dosage form.
First, literature analysis was carried out, which revealed that extracts in
the dry state were the most technologically acceptable. Different methods
of dry extract obtaining were theoretically studied from which the opti-
mal one was chosen for experimental research. The optimal carrier was
established through comparative studies of different excipients. Accord-
ing to indicators of finished product yield, drying time, hygroscopicity, and
microscopic analysis it was found that the rationale was the combination
of carriers Kollidon CL and Microcel 200. The experimental results based
on the parameters of finished product yield, drying time, hygroscopici-
ty, moisture absorption kinetics, flowability, bulk characteristics, as well
as strength and disintegration time of the obtained tablets allowed us to
conclude the best ratio of the components of the carrier for the extract of
Acorus calamus leaves: Microcel 200 : Kollidon CL - 60 : 30.

Acorus Calamus L. (AC), is a well-known medicinal
plant (MP) widely used in modern therapeutic practice
for the treatment of diseases of the nervous, hepatobil-
iary, and cardiovascular systems of the human body**.

More than 20 drugs are registered on the phar-
maceutical market of Ukraine, which have calamus

in their composition. This raw material enhanc-
es the nootropic and adaptogenic effect of drugs,
has anti-inflammatory and antibacterial activity. Of
particular importance are medicines “Vikair” (Va-
lenta Pharmaceutics, Russia), “Vikalin” (Monpharm,
Ukraine), “Polyfitol” (DKP Pharmaceutical Facto-
ry, Ukraine), “Gastrofit” (AIM, Ukraine), “Detoxifyt”
(AIM, Ukraine), and “Original Grosser Bittner® bal-
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sam” (Richard Bittner AG, Austria), which are effec-
tive for the prevention and treatment of pathologies
of the gastrointestinal tract®. It is important to note
that only underground parts of the Acorus calamus L.,
are used in the production of these drugs, although
several researchers have proved the almost complete
identity of the qualitative composition of biologically
active substances (BAS) of rhizomes and leaves of this
MP%7. Neglecting the aboveground parts of the plant
leads to the irrational use of its natural resource and
reduction of the range of the species.

In previous research, a technology for obtain-
ing liquid extraction of Acorus Calamus leaves was
developed?. Still, since the aim of our work was to
develop tablets with calamus leaf extract, the main
issue in our study was to determine a rational way
to introduce it into a solid dosage form.

Dry extracts are the most technologically appropri-
ate form in comparison with liquid and thick extracts
in terms of convenience for the industrial production
process. Minimizing the amount of moisture allowed
to achieve better storage stability and reduce the
weight and volume of the intermediate product®.

However, pure dry extracts are generally hygro-
scopic and finely dispersed, which in most cases
does not provide the necessary technological prop-
erties of the tablet mass and stipulates the use of ap-
propriate excipients??,

According to the literature sources analysis, the in-
troduction of these excipients is possible at different
stages of production:

1. Introduction of the carrier after complete dry-
ing of the extract

This method is the most commonly used. But pro-
longed temperature exposure in obtaining a pure dry
extract causes significant energy losses, increases the
cost of the final product, and can negatively affect the
qualitative and quantitative composition of BAS-13,

2. Introduction of the carrier after the stage of
evaporation (concentration) of the extract

The method is characterized by the carrier’s intro-
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duction into the thick extract, i.e. after partial re-
moval of the extractant (evaporation). This reduces
the duration of the drying stage but makes it diffi-
cult to achieve a uniform distribution of the carrier
in the thick extract due to its viscous nature. At the
same time, the material often sticks to the walls of
the equipment, which causes significant losses both
at the stage of concentration and final drying*.

3. Spraying the liquid or partially evaporated ex-
tract on the carrier

Modern method, which is implemented by gradually
applying the liquid extraction on a solid carrier and
subsequent drying. However, the main requirement
of this method is the complete adsorption and ho-
mogeneity of the distribution of BAS in the mass of
the carrier, which necessitates the use of additional
equipment.

4. Spray drying

The basic principle is based on spraying a liquid
extraction with a carrier in the drying chamber at
a temperature that allows to minimize drying time
and to provide direct transfer of moistened materi-
als to a free-flowing state. The disadvantages of this
method are the high cost of equipment, its bulkiness,
and complexity of maintenance, as well as the use of
high temperatures*s?’.

5. Introduction of the carrier after obtaining a liq-
uid extraction with subsequent evaporation and
drying

The basic technological principle is that the required
amount of solid carrier is introduced into the fil-
tered liquid extraction, after which the obtained sus-
pension is evaporated during mixing under vacuum
and temperature to (23+3)% of moisture content.
Then the resulting mixture is sent for final drying.
The advantage of this method is, first of all, a signifi-
cant reduction in evaporation and drying time (2-2.5
times compared to the drying of the extract without
carrier) because the carrier, in this case, acts as a
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“drying agent” - its distribution in the extract causes
uniform heating of the material. Moreover, extract-
ant evaporation is much easier from the surface of
the solid carrier. Also important is the fact that as the
extractant is removed, the carrier instantly absorbs
the extractives and protects BAS from physical fac-
tors. In addition, the absence of a period in which the
extractives are without a carrier averts the absorp-
tion of moisture out of the environment'®.

Given the above, and considering the advantages of
method 5 in the research of the selection of rational
carrier it was decided to select this last-mentioned
method for obtaing dry extract of Acorus Calamus.

2. Materials and methods
2.1. Research materials

To obtain a dry extract of Acorus calamus leaves, a
liquid extraction produced with 70% ethyl alcohol
by remaceration using ultrasound and surfactant
(0.1% polysorbate 80) was used. The extraction
was performed in a hermetically sealed Ultrasonic
extraction reactor PEX 1 (R.E.U.S., Contes, France);
ultrasound frequency - 35 kHz. Process duration -
3-fold remaceration for 45 minutes; process tem-
perature - (65+5)°C. The obtained extractions were
stored at a temperature (8+2)°C for 2 days and fil-
tered through an ashless paper filter under vacu-
um8,19.

The following excipients were selected as carriers:
Neusilin US2 (Fuji Chemical Industries Co., Ltd), Fu-
jicalin SG (Fuji Chemical Industries Co., Ltd), Micro-
cel 200 (Blanver Farmoquimica Ltd), GalenlQ 721
(Beneo GmbH), Kleptose (Roquette Fréres), Aero-
sil A-380 (Evonik Industries), Kollidon CL (BASF),
Syloid 244FP (WR Grace and Company).

2.2. Obtaining dry extract samples
2.2.1. Obtaining pure dry extract
The liquid extraction was concentrated on a LabTech

EV311 plus rotary vacuum evaporator (Labtech
S.R.L, Italy) under the following conditions: tem-
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perature - (55+5)°C, rotation speed - 100-150 rpm,
vacuum depth - (900+10)mBar; moisture con-
tent - (25%£2)%. Final drying to residual moisture
(3.0£0.5)% was performed in a vacuum oven DZF-
6050 (Zhengzhou Keda Machinery and Instrument
Equipment Co., Ltd., China) at a temperature of
(55£5)°C. Thereafter, the dry extract was ground in
a mortar and separated through a sieve with 1.0 mm
of pore diameter.

2.2.2. Obtaining dry extract with a carrier

To obtain the samples of an extract with carriers, the
excipients selected for the study were introduced
into the liquid extraction. The resulting suspen-
sion was evaporated in a rotary vacuum evaporator
LabTech EV311 plus (Labtech SRL, Italy) and dried
in a vacuum oven DZF-6050 (Zhengzhou Keda Ma-
chinery and Instrument Equipment Co., Ltd., China)
under conditions similar to the pure dry extract ob-
taining. After drying, the obtained samples were also
ground in a mortar and separated through a sieve
with 1.0 mm of pore diameter.

2.3. Research methods
2.3.1. Determination of moisture content

Moisture content and dry residue (DR) were deter-
mined according to the methods specified in Euro-
pean Pharmacopoeia (Ph. Eur) chapter 2.5.12 and
2.8.16%°. DR shows the amount of solid phase (g) in
1 ml of extraction.

2.3.2. Microscopic analysis

Performed using a laboratory microscope Konus
Academy Microscope with camera DLT-Cam Basic 2
MP (Italy).

2.3.3. Evaluation of Physico-chemical characteristics
During the process of obtaining the dry extract with
the carrier, some samples were characterized by the

formation of strong interactions with the walls of
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the flask, which significantly affected the yield of the
finished product and the duration of the drying pro-
cess. To take this factor into account, the obtained
samples of dry extract in pure form and with carrier
were examined through these indicators.

The yield of the finished product (%) was calculat-
ed by comparing the theoretically calculated mass of
the mixture “dry extract/carrier” with the practical-
ly obtained value.

The theoretical mass of the mixture was calculated
using the formula:

m, = (V + DR) + (m, * %)

where V - the volume of the liquid extraction, ml;

DR - dry residue, g/ml;

mc - the weight of the carrier, g;

wc - moisture content of the carrier, %.

The duration of drying was defined as the period
(h) from the beginning of the process until optimum
moisture content for the extract is obtained.

These values were calculated at the stage of evap-
oration in rotary evaporator LabTech EV311 plus
(Labtech S.R.L., Italy) for 600 ml of extraction in a
flask with a capacity of 1000 ml.

2.3.4. Determination of hygroscopicity and kinetics of
moisture absorption

Determination of moisture absorption kinetics of ex-
tract samples was performed in a desiccator accord-
ing to the method specified in Ph. Eur. 5.11%°, under
the following conditions: temperature - (25+1)°C,
relative humidity - (80+2)%; test time - 24 h (dur-
ing the first 5 h samples were tested every 1 h). Hy-
groscopicity in extreme conditions was evaluated at
relative humidity (100£2)% during 24 h of observa-
tion.

2.3.5. Evaluation of technological properties

The technological properties of dry extract samples
and tablets obtained from it were evaluated by the
requirements of Ph. Eur®.

The conclusion about the flowability of the dry ex-
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tract samples was made according to the values of
the Carr index:

VO_Vf

Vo

C =100 x

b

where VO - bulk volume, ml;

Vf - volume after shrinkage, ml.

The strength of the tablets was determined by the
resistance to crushing using Tablet hardness tester
Monsanto type (Bexco, Belgium).

The disintegration time of the tablets has been
tested using the device for determining the disinte-
gration of tablets and capsules “PTZ AUTO” (Pharma
Test, Germany).

2.4. Statistical Analysis

The results are presented as mean + standard de-
viation. Statistical analysis was performed using
Student’s t-test. A value of p < 0.05 was taken as the
level of significance.

3. Results and discussions

At the first stage of our research, it was necessary
to investigate the effect of selected excipients on the
drying process of Acorus calamus leaves extract. The
excipients were introduced into the liquid extraction
in the concentration of 50% regarding the DR. The
extract was then evaporated and dried. The tests
were performed in comparison with the pure dry
extract. The results are presented in Table 1.
According to the results, samples Ne 4, 7, and 8
were characterized by a low level of product yield.
During drying, a strong interaction was observed
between the walls of the flask and the powder mass,
which as a result could not be removed. The sam-
ples also required a significant drying time. In our
opinion, the significant drying time when using
these carriers was due to their solubility in the lig-
uid phase of extraction, which caused an increase in
the amount of adsorption-bound and osmotically re-
tained moisture. Substances of this nature are prone
to the formation of viscous elastic masses, which
retain moisture in the surface layers of the material
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Table 1. Characterization of excipients and their effect on the extract drying process

Sample Carrier Mean particle Solubility of The yield of Drying time,
size of the car- | the carrier in the finished
Ne rier pm the extractant product, h
%

1~ | Without carrier 39.8+0.1 45+05
2 Microcel 200 180 N/S 90.7+£0.1 25+04
3 Kollidon CL 130 N/S 95.9+0.2 2.2+03
4 Fujicalin SG 120 S/S 54.4 +0.7 3.5+0.5
5 Syloid 244FP 3 N/S 79.2+0.4 3.1+0.5
6 Aerosil A-380 10 N/S 79.1+0.4 3.3+0.5
7 Kleptose 3 S 44.7+0.9 44+05
8 GalenlQ 721 180 S 50.0 + 0.5 41+05
9 Neusilin US2 90 N/S 948 +0.1 2.1+0.3

Note: n =3, p <0,05; N/S — not soluble; S/S — somewhat soluble; S — soluble.

and prevent the drying process?’. Given this, the use
of these carriers was impractical from a technologi-
cal perspective.

Sample N2 9 had a high level of product yield and
a short drying time. However, during the production
of the extract, a change in color to yellow-green was
observed, which probably indicated the reaction of
flavonoids with aluminum with the formation of a
multichromatic complex. This fact indicated a high
probability of extract BAS deactivation and made it
impossible to use Neusilin US2 (as well as all excipi-
ents containing calcium, magnesium, or aluminum)
as a carrier for calamus leaf extract?2

Samples Ne 2, 3, 5, 6 were the most optimal in
terms of product yield and drying time. The com-
plete insolubility of the carrier in the liquid phase
of the extraction contributed to the preservation of
high dispersion of particles and the significant con-
tact surface, which caused a significant reduction in
drying time?*?*, Therefore, these samples were se-
lected for further research.

To assess the degree and type of interaction of the
extract with the carrier;, microscopic analysis was
performed at the next stage. The results are present-

ed in Figure 1.

As can be seen in Fig. 1, all test samples were rep-
resented by agglomerates of extract particles with a
form factor approaching 1.

The obtained samples with Kollidon CL and
Microcel 200 were bulky strong agglomerates
formed due to the high force of particles’ mutu-
al adhesion. They were characterized by almost
equal size from 1.0 to 1.5 pm (£ 0.1) and heteroge-
neous surfaces.

Samples of Aerosil A-380 and Syloid 244FP dif-
fered significantly in particle size, ranging from 0.1
to 5.0 um (* 0.1), and were characterized by a rough
surface and uneven distribution in the field of view.

An important aspect was also to study the hy-
groscopicity of selected samples. It is known that
increased moisture content of a tablet mass can
cause its possible adhesion to a press tool, wors-
ening of flowability, and, accordingly, deteriora-
tion of the dosage uniformity, while excessively
dry material can provide an unsatisfactory ability
to compress. The tests were performed at 100%
relative humidity for 24 h. The results are present-
ed in Table 2.

21




®APMAKEYTIKH, 34,1, 2022 | 17-26

EPEYNHTIKH EPTAXIA

PHARMAKEFTIK]I, 34, 1, 2022 | 17-26

RESEARCH ARTICLE

Fig. 1. Microscopic analysis of extract samples with different carriers (x70):
a) Kollidon CL; b) Microcel 200; c) Aerosil A-380; d) Syloid 244FP

Table 2. Study of selected samples hygroscopicity

Carrier Increase in mass, %
Microcel 200 18.58 +0.12
Kollidon CL 25.28+0.20
Syloid 244FP 23.12+x0.19
Aerosil A-380 20.32+£0.15

Note.n =3, p <0.05.

According to the obtained data (Table 2), the sam-
ple of the extract with Microcel 200 provided the
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best stability to environmental moisture.

Based on the results of microscopic analysis, hy-
groscopicity, and the effect of carriers on the drying
process, it has been decided to use a combination of
carriers - Kollidon CL and Microcel 200 - because the
1st bestinfluenced the drying process and the yield of
finished products, while the 2nd provided stability to
the environmental humidity. Another important fac-
tor was the potential of these excipients for tableting,
given that Microcel 200 improves the compressibility
of tablets while Kollidon CL promotes their rapid dis-
integration, acting as a disintegrant'®2,
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After determining the rational carrier, it was nec-
essary to establish the optimal quantitative ratio of
these components to reduce the drying time and
maximize product yield.

The first step was to determine the rational quan-
tity of Kollidon CL in the carrier. The concentration
limits of Kollidon CL - 20-40% regarding the DR of
extract were selected based on literature sources
datal®?*%5, The results of the correlation study be-
tween the finished product yield and the quantity of
Kollidon CL are given in Table 3.

Table 3. Correlation between finished product
yield and quantity of Kollidon CL

The concentration of Kol- | Finished product
lidon CL regarding the DR yield, %
of extract
20% 87.48 + 0.04
25% 91.19 + 0.05
30% 94.85 + 0.07
35% 95.02 +0.09
40% 95.19+0.10

Note.n =3, p <0.05.

By the obtained results (Table 3), an increase of
Kollidon CL quantity provided the product yield
growth when obtaining a dry extract of Acorus cala-
mus leaves. Given that, an insignificant statistical dif-
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ference in values was observed in the concentration
range of Kollidon CL 30-40%, the concentration of
30% regarding the DR of the extract was chosen for
further studies.

Determination of the rational quantity of Micro-
cel 200 in the carrier was performed based on the
parameters of moisture absorption, flowability, bulk
characteristics, as well as strength and disintegra-
tion time of the obtained tablets. The concentration
of Microcel 200 (20-80%) was selected based on lit-
erature data and recommendations specified in the
manufacturer’s brochure [10,26].

Determination of moisture absorption kinetics
was performed during 24 h of observation at tem-
perature (25+1)°C and relative humidity (80+2)%.
The results are shown in Figure. 2.

According to the data shown in Fig. 2, the sta-
bility to the humidity of the environment has been
improving with increasing of Microcel 200 content,
which indicated the moisture-regulating potential of
this excipient. This was also confirmed by the com-
parison of moisture absorption rates of the extract
samples with 80 % of the test substances: in 24
hours the weight gain with Microcel 200 was 3.69%
in contrast to the sample with Kollidon CL, which
gained 8.46%.

The results of the study of bulk characteristics,
flowability, and tableting potential of the selected
samples are given in Table 4.

Table 4. Pharmaco-technological characteristics of selected samples

Microcel 200 /Kol- Hardness, N Disintegration Carr index, % Flowability charac-
lidon CL content time, sec teristics
regarding the DR

of extract
20/30 25.27 £ 0.52 2380+ 21 31.44 +0.55 Poor
30/30 31.81+0.61 1806 £ 15 27.78 +0.48 Poor
40/30 38.67 £ 0.59 1556+ 11 22.11£0.46 Passable
50/30 50.56 + 0.74 1450 +£12 17.34 £ 0.35 Fair
60/30 68.89 +0.91 1560 +£13 12.46 £ 0.30 Good
70/30 73.11+0.98 2090+ 19 10.08 £ 0.22 Excellent

Note.n =3, p < 0.05.
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Fig. 2. Moisture absorption kinetics of selected samples

The obtained results (Table 4) demonstrated the
positive effect of Microcel 200 on flowability and
strength of tablets: the best results were observed
when using this excipient in concentrations 60%
and 70%. Therefore, the obtained data allowed us to
conclude the best ratio of the components of the car-
rier for the extract of Acorus calamus leaves: Microcel
200 : Kollidon CL - 60 : 30. However, no combination
of these excipients provided the required (according
to Ph. Eur.) tablet disintegration time indicating the
need for further research in this direction.

4. Conclusion

Based on the analysis of literature sources, a rational
method for obtaining a dry extract of Acorus calamus
leaves was found. It relies on introducing the carrier
into the liquid extract with subsequent evaporation
and drying under vacuum, which, in turn, will allow
obtaining finished products with minimal losses in
pharmaceutical companies’ extraction preparations.

Several researches estimated that introduction of
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excipients such as Neusilin US2, Microcel 200, Aer-
osil A-380, Kollidon CL, Syloid 244FP before evapo-
ration and drying of the extraction can significantly
decrease the time of drying and reduce the process
temperature, as well as increase the yield the fin-
ished product. It was found that the solubility of the
carriers in the extract liquid phase affected the level
of losses and the duration of the drying process.

The experimental research of samples of an ex-
tract with the carrier on indicators of drying time,
yield of finithe shed product, and hygroscopicity, the
optimum carrier providing necessary technological
properties of Acorus Calamus leaves extract - a mix-
ture of Microcel 200 and Kollidon CL - was found.

The results of the studies of flowability, bulk char-
acteristics, as well as the potential for compression
and disintegration of tablet based off the extract
with the carrier, allowed us to establish a rational
ratio of the carrier components, which was 60% of
Microcel 200 and 30% of Kollidon CL regarding the
DR of extract.

Further research will be aimed at improving the
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technological characteristics of the tableting mix-
ture to obtain quality tablets.

The obtained results are part of the Ph.D. thesis
“Development of the composition and technology of
tablets based on Acorus calamus leaves”.
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ABSTRACT

A new series of symmetrical derivatives of hexamethylene(ethylene,
oxalylamine, m-phenylene) - N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]

Antiradical activity = pyrrole-2a’,5a’-dihydro-2,2,6’(1H,1’H,5'H)-trione) was syn-thesised by
means of 1,3-dipolar cycloaddition of in situ generated azomethynilides
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is reported. The synthesized compounds were tested for antibacterial
activity in two stages. Among the substances selected in the first stage,
the three most promising substances were identified, which showed
significant antibacterial activity with an MBC of 50 mg/ml. When stud-
ying the interaction of the synthesized substances with DPPH, one com-
pound was found, which showed an average level of antiradical activity.
The structure-action relations of the synthesized compounds was dis-
cussed.

* CORRESPONDING

AUTHOR:

Yevheniia Ihorivna Siumka,
E-mail: evge17smk@gmail.com

1. Introduction spiro-pyrrole-2-oxindoles has significantly increased

in scientific literature. One of the best approaches for

The pharmacological activity of synthetic drugs de-
pends on the pharmacophore fragments contained
in their molecules. A number of pharmacophores
are responsible for certain types of biological activi-
ty and due to this, researches pay their attention to
introducing such fragments into new molecules. In
recent years, the number of publications devoted to

the synthesis of these derivatives is 1,3-dipolar cyc-
loaddition of azomethynilides to electron deficient
alkenes. This reaction is an easy way to either mono-
and bis-derivatives of spiro-pyrrole-2-oxindoles.
Application of different starting materials allows
to obtain structural complexity of bis-derivatives of
spiro-conjugated pyrrolo-2-oxindoles, linked togeth-
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er by a polymethylene, an aroma-tic or hetero-ar-
omatic linkage. The method of joining symmetric
fragments of spiro-conjugated pyrrolo-2-oxindoles
in the reactions of 1,3-dipolar cycloaddition depends
on the structure of dipolarophile. The nucleus of
spiro-pyrrole-2-oxindoles underlies many natural
alkaloids. They exhibit a wide range of biological
activity, including immunomodulatory, analgesic, anti-
inflammatory, antimicrobial and cytostatic. Alkaloids
with bis-2-oxindo-line moiety: gelaganimines A and
B and alkaloid with bis-spiro-2-oxindoline nucleus:
gelanidine C were isolated from the plant Gelse-
mium elegans. These natural compounds exhibit
cytotoxic, anti-microbial and anti-inflammatory
activity . In addition, rigidly spatially organized spiro-
2-oxindole molecules are complementary to three-
dimensional binding sites of essential biological
targets (enzymes, receptors, ion channels) and are
therefore of interest in the search for new biologically
active substances®. Among synthetic derivatives of
spiropyrroloxyindoles and their bis-analogues were
found substances with antibacterial , antifungal
, antivirus'*, anti-inflammatory'> 4, anti-allergic,
antitumor -, anticonvulsant activity!*. Thus, in the
present work we described the synthesis of sym-
metric derivatives of bis-spiropirolo-2-oxindole via
three-component one-pot interaction of isatin with
a-amino acids and maleic acid dipolarophiles. We also
aimed to investigate antimicrobial and antiradical ac-
tivity of the products obtained as well as to determine
“structure-activity” relationships.

2. Materials and Methods

The starting isatin 1 and a-amino acids 2 were ob-
tained from commercial sources and used without
further purification. Dipolarophiles used, namely
N,N’-hexamethylene-bis-maleimide 3, N,N’-ethy-lene-
bis-maleimide 4, N,N’-bis-maleimidoxylalamine 5,
m-phenylene-bis-maleimidine 6 were pre-pared ac-
cording to the known method.

2.1 The general method for synthesis of hexam-
ethylene(ethylene, oxalylamine, m-phenylene)-
N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyr-
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role-2a,5a’-dihydro-2,2,6’(1H,1°’H,5’H)-triones)
(7a-c, 8a-c, 9, 10a-c)

The mixture ofisatin 1 (2 mmol), appropriate a-amino
acid 2 (2 mmol) and the dipolarophile 3-6 (1 mmol)
was dissolved in a mixture of i-PrOH-H20 (3:1) and
refluxed for 30 min - 10 h (for compound 7¢ - 30 min;
for compound 8b - 1 h; for compounds 7a, 7b, 8c - 2
h; for compounds 8a, 9 - 4 h; for compound 10b - 6
h; for compound 10c - 8 h; for compound 10a - 10
h). The resulting precipitate was filtered off, washed
with mixture of i-PrOH-H20 (1:1) and recrystallized
from i-PrOH-H20 (1:1) mixture.

2.2 Characterizations

'H NMR spectra were recorded on a Varian WXR
(400 MHz) spectrometer in DMSO-d6, using
TMS, as an internal standard. Elemental analy-
sis was performed on the analyzer Carlo Erba
CHNS-O EA 1108. Infrared spectra were record-
ed on the Bruker Tensor 27 FT-IR device in the
range 400-4000 cm-1 in KBr pellets. Electron im-
pact mass spectra were recorded on a Varian
1200 L (Varian Inc, Palo Alto, CA) instrument at
70 eV. The progress of the reactions and purity of
the obtained compounds were monitored by TLC
on Silufol UV-254 plates (acetone-heptane 4:1 or
H20-MeOH 1:9).

2.3 Antimicrobial activity study

The microbiological experiment was carried out in
accordance with WHO' and the Ministry of Public
Health of Ukraine recommendations. Staphylococ-
cus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Bacillus subti-
lis ATCC 6633, Candida albicans ATCC 885-653 were
used as test strains of microorganisms.

The antimicrobial activity of the synthesized sub-
stances was studied in vitro by the method of diffu-
sion into agar in the modification of wells. The re-
search was conducted in two stages. In the first stage,
the antimicrobial activity of the drugs was studied in
comparison with cefalexin and fluconazole (for the
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Candida albicans culture). 1 mg of each substance
was dissolved in 1 ml of DMSO. From the resulting
suspension, 0.3 ml was collected and transferred to
wells on Petri dishes with microbial cultures. The
level of antimicrobial activity of substances was es-
tablished by the diameter of the zone of growth retar-
dation of microorganisms around the well compared
with the control. The second stage of the research
was the study of the antimicrobial activity of the
substances relative to Staphylococcus aureus ATCC
25923 and Candida albicans ATCC 885-653 by the
method of double serial dilutions in a liquid nutrient
medium. The results were taken into account when
determining the presence or absence of growth of
microorganisms. To determine the minimum bacteri-
cidal / fungicidal concentration (MBC/ MFC), cultures
were carried out on agar or broth from samples from
the minimum inhibitory concentration (MIC) and in-
cubated in a thermostat for 24 hours at 370C with
meat-peptone agar and 250C for 48 hours with Sabu-
ro agar (Candida albicans).

2.4 Antiradical activity study

The study of antiradical activity was carried out in
vitro. The method is based on the interaction of the
studied substances with 2,2-diphenyl-1-picrylhydra-
zyl (DPPH). DPPH is a stable free radical; its methanol
solution is colored purple (Amax = 517 nm). DPPH
interacts with a substance capable of binding free
radicals, while the resulting product is colored yellow
and no longer absorbs at this wavelength. Method:
Two milliliters of 2 mM or 0.2 mM solution of stud-
ied compound in DMSO was mixed with 2 mL of 0.1
mM DPPH methanolic solution. Obtained mixture
was incubated at the room temperature for 30 min,
and optical density (Ad) was measured. The optical
density of sample that was obtained by mixing of 2
mL of DMSO with 2 mL of 0.1 mM DPPH methanolic
solution was determined simultaneously (ADPPH).
Antiradical activity (ARA) was calculated by the next
formula: ARA% = (ADPPH-Ad)/ADPPH x 100%. In
the case of a negative meaning, ARA in % was esti-
mated like 0. Weighing of reagents and synthesized
compounds was conducted on electronic scales «<ANG
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200C» (Axis, Gdansk, Poland), and the optical density
was measured by a spectrophotometer Spekol-1500
Analytik jena (Germany).

Mathematical calculations were performed using
the STATISTICA 10 StatSoft Inc. system and Excel
spreadsheet processor of MS Office 2019 Profession-
al Plus.

3. Results and Discussion

A series of new bis-derivatives of spiroin-
dole-3,3’-pyrrolo[3,4-c]pyrrole 7-10 were synthe-
sized in high yields via three-component domi-
no-interaction of isatin 1 with a-amino acids 2a-d
and dipolarophiles 3-6 (Figure 1). It is worth not-
ing that the reaction required a strict maintenance
of isatin/amino acid/dipolarophile (2:2:1) ratio.
Otherwise, mono-derivatives were formed or it was
difficult to isolate the product. The choice of the
appropriate solvent was of great importance for
the efficiency of the synthesis. Optimal conditions
for synthesis were found by trial and error (Ta-
ble 1). It was found that boiling the reagents in a
mixture of isopropanol-water (3:1) gives the best
result (mild reaction conditions, efficiency, high
yields). Water was added to improve the solubility
of amino acids. Isopropyl alcohol/water mixture
(3:1) was chosen as the optimal solvent for the
three-component interaction. It should be not-
ed that in the case of ethanol or MeOH/H,0 (3:1)
(widely used in the synthesis of similar deriva-
tives!'®> ) mixture used as a solvent reaction led
to increase of reaction times and lower yields as
well as purity of the target products. The products
7a-c, 8a-c, 9, 10a-c can be easily recrystallized from
isopropanol-water mixture (1:1) and constitute
amorphous powders of white or pale-yellow color.

Literature data evidence that the reaction mecha-
nism involves in situ formation of unstable azomethyn-
ilides followed by their 1,3-dipolar cycloaddition to
double bond of the symmetric dipolarophile.

The structure of the compounds 7a-c, 8a-c, 9, 10a-c
was confirmed by '"H NMR (Table 2), IR-spectroscopy
(Table 3), mass-spectrometry and elemental analy-
sis.
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Figure 1. Synthesis of hexamethylene(ethylene, oxalylamine, m-phenylene)-N,N'-bis(spiroindole-3,
3'-pyrrolo[3,4-c|pyrrole-2a’,5a"-dihydro-2,2",6'(1H,1'H,5'H)-trione) derivatives 7a-c, 8a-c, 9, 10a-c

Table 1. Optimization of solvent selection on the example of synthesis of compounds 7a, 8b, 7c
Heating time, h Yield, %
Solvent

7a 8b 7c 7a 8b 7c
Propanol-2 - water (3:1) 2 1 0.5 75 90 81
Methanol-water (3:1) 2 2 1 60 82 64
Ethanol-water (3:1) 4 2 2 62 80 73
Acetonitrile-water (3:1) 5 3 2 60 74 68
1,4-Dioxane water (3:1) 5 4 3 55 50 55
Tetrahydrofuran 8 4 4 42 44 40
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Table 2. Reaction times, yields, melting points and spectral data for hexamethylene(ethylene, ox-

alylamine, m-phenylene)-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2’,
6’-(1H,1’H,5’H)-triones) 7a-c, 8a-c, 9, 10a-c
Compound Reaction times, yields, melting points and spectral data
1 2
"a time 2 h; 75% yield; 260-262°C; "H NMR, 8, ppm (J, Hz) 1.13(d, 6H, 2x5"-CH,, J=6.41),
ReCH. RicH | 1:32(m 4H,CH,CH,), 1.52(m, 4H, CH,CH,), 3.17-3.24(d, 2H, 2x2a-CH, J=7.9), 3.29-3.47 (m,
¥ 6H, 2x5'a-CH, 2x1"-NCH,), 3.65(d, 2H, 2x2'-NH, J=4.88), 4.19-4.38(m, 2H, 2x5’-CH), 6.67-
C3,HeNOg 6.95(m, 6H, ArH), 7.08-7.27(m, 2H, ArH), 10.33(c, 2H, 2x1-NH); EI-MS[M]* 624
7b time 2 h; 92% yield; 246-248°C; 'H NMR, 8, ppm (J, Hz) 10.27(s, 2H), 7.33-7.18(m,
ReBn RizH 8H), 7.13(t, J=7.1, 4H), 6.84(m, 4H), 6.73(d, J=7.7, 2H), 4.33 (m, 2H), 3.54(d, /=3.7, 2H),
’ 3.48-3.36(m, 6H), 3.25(d, J=7.6, 2H), 3.20 (dd, J=13.8, 5.5, 2H), 2.58(dd, J=14.0, 8.2, 4H),
CyH N0 1.57(m, 4H), 1.37(m, 4H) EI-MS[M]* 776
7c time 30 min; 81% yield; 150-152°C; '"H NMR, 8, ppm (J, Hz) 1.29(m, 4H, CH,CH,), 1.49(m,
R-Ri=(CH.) 4H, CH,CH,), 2.27(m, 4H, 2x1"-NCH,), 3.26-3.41 (m, 14H, 2x2'a-CH, 2xCH,CH,CH,), 3.43-
23 3.60(m, 4H, 2x5'a-CH), 4.20 (q, 2H, 2x5’-CH, J=7.02), 6.73-6.96(m, 6H, ArH), 7.11-7.31(m,
C3sH N0 2H, ArH), 10.52(s, 2H, 2x1-NH) EI-MS[M]* 676
8a time 4 h; 88% yield; 238-240°C; tH NMR, 8, ppm (J, Hz) 10.32(c, 2H); 7.15(c, 2H); 6.88(c,
R=CH_ Ri=H | 4H); 6.74(c, 2H); 4.19(c, 2H); 3.60(c, 4H); 3.50(c, 2H); 3.25-3.11(m, 4H); 1.13(c, 6H) EI-
c H3N 6 MS[M]* 568
30" 728" 60
8b time 1 h; 90% yield; 302-304°C; *H NMR, &, ppm (J, Hz) 10.32(s, 2H); 7.09-7.29(m,
ReBn Ri<H 12H); 6.92-6.99(m, 2H); 6.83-6.89(m, 2H); 6.74(d, J=7.63, 2H); 4.24-4.34(m, 2H); 3.59-
’ 3.76(m, 4H); 3.36-3.49(m, 4H); 3.27(d, J=7.93, 2H); 3.17-3.24(m, 2H); 2.57-2.67(m, 2H)
C,,HyNy,6 EI-MS[M]* 720
8c time 2 h; 94% yield; 270-272°C; 'H NMR, 8, ppm (J, Hz) 10.48(br. s, 2H); 7.20(br. s, 2H);
R-RI=(CH.) 6.87(d, J=3.97, 4H); 6.78(d, J=7.63, 2H); 4.16(d, J=7.63, 2H); 3.49-3.65(m, 6H); 3.32-
s 3.38(m, 2H); 2.32(d, J=6.71, 2H); 2.21(br. s, 2H); 1.78(br. s, 8H) EI-MS[M]* 620
C34H32N606
9 time 4 h; 83% yield; 265-266°C; H NMR, 8, ppm (J, Hz) 11.65(s, 2H), 10.34(s, 2H), 7.48-
R=Ph, Ri=H 7.36(m, 4H), 7.24(m, 10H), 6.89(t, 2H), 6.79(d, J=7.7, 2H), 5.50(dd, J=7.7, 2.7, 2H), 4.14(s,
2H), 3.96-3.80(m, 2H), 3.57(m, 2H). EI-MS [M]* 750
C4OH30N808
10a time 10h; 90% yield; 240-242°C; 'H NMR, 8, ppm (J, Hz) 10.39(s, 2H, NH), 7.66(t, J=8.1,
ReCH RicH | TH). 7:47-7.31(m, 3H), 7.16(t, J=7.4, 2H), 7.03-6.95(m, 2H),6.84(t, J=7.5, 2H), 6.78(d,
¥ J=7.6,2H),4.31(d, J=6.6, 2H), 3.80(d,J=6.3, 2H),3.54(t, J=6.6, 2H),3.43(d,/=7.5, 2H),1.25(d,
C3,H N0 J=6.4, 6H) EI-MS [M]* 616
10b time 6h; 81% vield; 220-222°C; 'H NMR, 8, ppm (J, Hz) 10.31(s, 2H), 7.71(t, J=7.9, 1H),
ReBn RizH 7.47(m, 3H), 7.40-7.30(m, 4H), 7.26(t, J=7.4, 4H), 7.15 (dd, J=12.5, 6.9, 4H), 7.07(d, J=7.4,
’ 2H), 6.86(dd, J=16.1, 8.1, 2H), 6.77(d, J=7.6, 2H), 4.46-4.34(m, 2H), 3.80(d, /=6.8, 2H),
C,H3NO 3.67(t,J=7.3, 2H), 3.51-3.43(m, 2H), 3.28(m, 2H), 2.78(dd, j=12.3, 8.5, 2H) EI-MS[M]* 768
10¢ time 8h; 73% yield; 330-332°C; 'H NMR, 8, ppm (J, Hz) 10.58 (c, 2H,
R-RI=(CH.) NH), 7.73-7.53 (M, 1H), 7.46-7.14 (m, 3H), 7.08-6.71 (M, 8H), 429 (a
23 |]=6.8, 2H), 3.78-3.64 (M, 4H), 2.50 (M, 2H), 2.36 (M, 2H), 195 (m, 8H)
C3sHy, N0 EI-MS[M]* 668
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Table 3. Characteristic bands in IR-spectra of hexamethylene(ethylene)-N,N’-bis(spiroindole-3,
3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2’,6’ (1H,1’H,5’H)-triones) 7a-c, 8a-c, 9, 10a-c
IR, cm!
Cmp
v NH v CH(Ar) v CH(AIk) v C=0 v C=C(Ar)
7a 3340, 3232 3087 2957,2935 1693 1619, 1473
7b 3325 3062,3029 2940, 2862 1702 1620, 1453
7c 3384 3087 2934, 2857 1697 1619, 1472
8a 3269,3177 3030 2933, 2870 1703 1624, 1473
8b 3250, 3185 3061,3028 2955, 2895 1707 1620, 1471
8c 3265, 3207 3096 2962, 2879 1713 1620, 1473
9 3330 3030 2962 1735 1618, 1471
10a 3327 3026 2962, 2879 1713 1619, 1601, 1493,
1471
10b 3382 3030 2950 1713 1619, 1601, 1492,
1471
10c 3402 3030 2961 1714 1619, 1492, 1471

'H NMR spectra of compounds 7a-c are char-
acterized by the following features. NH-signals of
2-oxindole moiety appear as singlets and can be
found in the range of 10.38-10.86 ppm. Methylene
protons of pyrrolo[3,4-c]pyrrole molecular frame-
work give rise to doublet at 3.40-3.50 ppm for
H-2a, triplet at 3.50-3.60 ppm for H-5a’ or H-7a’ for
compound 7c¢ and multiplet at 4.00-4.40 at for H-5".
Protons H-2a’, H-5a" and H-5’ are most likely to have
cis-orientation owing to their J-coupling values of
7-8 Hz.

!H NMR spectra of compounds 8a-c comprise a
set of ABCD spin system signals for 2-ox-indole frag-
ment which appear as two doublets and two triplets.
These spectra are also characterized by the presence
of signals of ethylene linkage protons in the range of
7,00-7,50 ppm. Downfielded protons of 2-oxindole
core NH-group can be observed at around 10,30
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ppm. Signals for NH protons of pyrrolo[3,4-c]pyr-
role moiety for compounds 8a, 8b are in the range
of 3,50-3,80 ppm and are absent in the case of com-
pound 8c.

'H NMR spectra of compounds 10a-c include
the following characteristic signals. M-Pheny-lene
fragment gives two signals, specifically triplet at
7.65 ppm and multiplet in the range of 7.40 ppm;
NH-protons of the oxindole moiety and the pyrrole
fragment appear at around 10.40 ppm and 3.40
ppm correspondingly; ABCD spin system signals for
2-oxindole fragment can be found at 6.80-7.20 ppm.
Peak relating to NH group of pyrrole moiety is not
observed in 1H NMR spectrum of compound 10c.

Compounds 7a-c, 8a-c, 9, 10a-c were tested for an-
timicrobial activity against both Gram-positive and
Gram-negative bacteria strains as well as against
fungal species of Candida albicans (Table 4).
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Table 4. Antimicrobial activity data for hexamethylene(ethylene, oxalylamine, m-phenylene)-
N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2’,6’-(1H,1’H,5’H)-triones)

7a-c, 8a-c, 9, 10a-c

Diameter of the growth inhibition zones, mm
(the mean for three experiments)
Compound Gram-positive bacteria Gram-negative bacteria Fungi
S. aureus/ C. albicans/
B. subtilis E. coli P. aeruginosa
MBC, pg/ml MFC, pg/ml
1 2 3 4 5 6
7a 27+0.15 22+0.56/50 18+0.65 growth 26+0.32/12.5
7b 27+0.38 18+0.17 /growth 15+0.56 growth 28+0.27 /growth
7c 250.19 20+0.51/growth 17+0.50 growth 19£0.18/growth
8a 24+0.21 24+1.15/50 20+0.57 21+0.19 23+0.34/12.5
8b 19£0.19 19+0.58/growth 20+0.58 22+0.35 23%0.87/growth
8c 21+0.17 15+0.11/growth 19+1.10 22+0.42 22+0.90/growth
9 17+0.52 growth /growth 18+0.53 growth growth/growth
10a 26+0.18 31+0.45/50 15+0.61 growth 35+0.45/growth
10b 25+0.22 27+0.58/growth 20+0.45 growth 25+0.35/growth
10c 26+0.53 27+0.58/growth 21+0.55 growth 28+0.60/growth
Control growth growth growth growth growth
Cefalexinum 32+0.37 32+0.55/12.5 35+0.24 36+0.35 n/t
Fluconazole n/t n/t n/t n/t 16+0.34/3.125

growth - the growth of microorganisms continues even with test compound or without it, as in the control

Diameters of the growth inhibition zones for
tested compounds against C. albicans were high-
er compared to those of the reference drug and
minimal fungicidal concentration for compounds
7a, 8a was 12.5 mg/mL. Compound 10a showed
high level of antibacterial activity against S. au-

reus which was comparable to those of reference
drug. It was found that compounds 8a-c contain-
ing pharmacophores linked by ethylene moiety
are active against P. aeruginosa, at the same time
other tested compounds turned out to be inactive
against this strain. The worst antimicrobial activ-
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ity showed compound 9, comprising oxalylamine
linkage. According to the results of microbiologi-
cal screening, the three most active compounds
were found in a number of test substances: hex-
amethylene-N,N’-bis(spiroindole-3,3’-pyrrolo
[3,4-c]pyrrole-5’-metyl-2a’,5a’-dihydro-2,2°,6" (1H,
1’H,5’H)-trione) 7a, ethylene-N,N’-bis(spiroin-
dole-3,3’-pyrrolo[3,4-c]pyrrole-5'-metyl-2a’,
5a’-dihydro-2,2’,6’(1H,1’H,5’H)-trione) 8a, m-phe-
nylene-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-5'-metyl-2a’,5a’-dihydro-
2,2',6’(1H,1’H,5’H)-trione) 10a. All three com-
pounds have a methyl radical in position 5’ In ref-
erence the authors reported a similar regularity.
It was also found that antimicrobial activity of the
tested compounds significantly depends on bind-
ing fragment between two the same pharmacoph-
ores as well as 5’-substituent in bis-derivatives of
spiroindole-3,3’-pyrrolo[3,4-c]pyrrole.

The study of antiradical activity was carried out
in vitro. The method is based on the interaction of
the studied substances with 2,2-diphenyl-1-picryl-
hydrazyl (DPPH). DPPH is a stable free radical; its
methanol solution is colored purple (Amax = 517

RESEARCH ARTICLE

nm). DPPH interacts with a substance capable of
binding free radicals, while the resulting product is
colored yellow and no longer absorbs at this wave-
length.

Studies in vitro on the one hand are a powerful
prediction tool for drug search and SAR analysis. On
the other hand, they provide humane treatment of
animals in accordance with Directive 2010/63/EU
of the European Parliament and of the Council of 22
September 2010 on the protection of animals used
for scientific purposes'.

One of these methods is the determination of anti-
radical activity which correlates with other types of
activity (in particular antioxidant, anti-inflammato-
ry, anticonvulsant). This is due to the fact that many
pathological processes are accompanied by the
overproduction of reactive oxygen forms with sub-
sequent damage to lipids, amino acids, nucleic acids
and some functional proteins . A range of spirocon-
densed 2-oxindoles displays a high level of antirad-
ical activity relative to the reference drug ascorbic
acid®*. Taking into account this fact, it was of interest
to study the antiradical effect of the studied com-
pounds (Table 5).

Table 5. Antiradical activity data for hexamethylene(ethylene, oxalylamine, m-pheny-lene)-N,N'-
bis(spiroindole-3,3’-pyrrolo[3,4-c]pyrrole-2a’,5a’-dihydro-2,2',6’-(1H,1’H, 5’'H)-triones) 7a-c, 8a-c, 9, 10a-c

Antiradical activity, %
Compound
1x103M 1x10*M
Ascorbic acid 63.8+1.37 16.9+0.83
7a 3.8+1.10 1.7+0.43
7b 4.3+0.02 2.6+0.01
7c 5.1+0.71 1.4+0.64
8a 3.4+1.05 1.3+0.25
8b 5.2+0.23 1.8+0.65
8c 5.9+1.04 1.8+0.48
9 42.8+1.10 13.3+1.65
10a 6.0+0.82 4.1+1.51
10b 5.0+1.10 3.1+1.05
10c 5.7+0.62 2.1+0.48
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The experiment showed that the synthesized com-
pounds 7a-c, 8a-c, 10a-c do not show antiradical
activity. Only compound 9 shows a reasonable level
of activity relative to the reference drug - ascorbic
acid. It should be noted that the lack of antiradical
activity for most compounds in this model (in the
experiment with DPPH) does not mean their lack of
antioxidant properties, as was shown in reference.

4., Conclusion

Series of symmetrical derivatives of hex-
amethylene(ethylene, oxalylamine, m-phe-
nylene)-N,N’-bis(spiroindole-3,3’-pyrrolo[3,4-c]
pyrrole-2a’,5a’-dihydro-2,2,6’(1H,1’'H,5’H)-tri-
one) was synthesized for the first time by means
of 1,3-dipolar cycloaddition of in situ gener-
ated azomethynilides to dipolarophiles
taining bis-maleimide fragment. In this regard

con-
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