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Abstract

Influenza is known as a contagious, acute respiratory illness caused by influenza viruses. And it
can cause mild to severe illness, furthermore, it may predispose to exacerbation of underlying
disease or development of secondary bacterial infections. Additionally, the resistance of the
antiviral drugs is recently spreaded. And new antiviral drugs are still needed to treat influenza
epidemics and pandemics. There are several natural compounds have antiviral activity, one of
these compounds was curcumin. Several studies demonstrated the curcumin as directly
effective upon viral infection. This effect was observed in " HIN1 as well as H6N1 " subtypes.
So that in current study a 58-curcumin derivatives potential to be inhibitors to influenza
receptors were analyzed. The “ Hemagglutinin * (HA) and " neuraminidase " (NA). This done
by modelling and molecular docking of curcumin compounds against the active site of these
receptors. Moreover, the results were showed that curcumin compounds with the best docking
score (Perfluoro curcumin, N-(4-Fluoropheny-lpyrazole) Curcumin, Curcumin glucuronide,
Curcumin-difluorinated (CDF) and Curcumin glucuronide) were blocked the viral active sites of
most strains. And these agents had an acceptable " Lipinski rule of five " properties. In
conclusions, this study led to conclude that the chosen curcumin compound (Perfluoro
curcumin,  N-(4-Fluoropheny-lpyrazole)  Curcumin, ~Curcumin  glucuronide, Curcumin-
difluorinated (CDF) and Curcumin glucuronide) may have the best studied properties and
suggest them to future studies in combination to traditional antiviral agent, both in-vivo and in-
vitro. The current data supply basic information for further wet lab experiments in order to

develop more Curcumin derivatives to reach the best therapeutic values.

1. Introduction

Influenza is a contagious, acute respiratory illness
caused by influenza viruses, usually influenza A or B
subtypes. Additionally, the Influenza virus causes
from mild to severe diseases.

On the other hand, immunization is the best
intervention to prevent influenza virus infection [1].
And the importance of influenza treatment is to relief
symptoms, such as (high fever, headache, sneezing,
cough, runny nose, etc.), to reduce morbidity and
prevent complications. And because a wide range of
complications can be caused by influenza virus
infection of the upper respiratory tract and lower
respiratory tract such as (Pneumonia, bronchitis,
sinus infections and ear infections) [2].

Furthermore, the turmeric has a long history of
use inflammatory conditions. And the C. longa
plant which is it derived from, is a member of
Zingiberaceae. In addition, the active constituent
of turmeric responsible for its yellow color is the
curcumin [3]. And turmeric mainly comprises
group of three curcuminoids, the first one is
diferuloylmethane, the second is
demethoxycurcumin, and  the  third s

resins, and volatile oils [4]. Furthermore, in
ancient  medicine, numerous  therapeutic
procedures used turmeric for sevweral diseases.
And extensive research within the last half century
has showed that the most of these
pharmacological activities related with turmeric
are due to active ingredient curcumin. And it has
been reported that these effects are mediated
through the regulation of various transcription
factors, growth factors, inflammatory cytokines,
protein kinases, and other enzymes [5]. On the
other hand, curcumins compounds as a plant
derivative have a broad antiviral activity against
different viruses [6].

2. Materials and Methods

Influenza Virus Receptors

Neuraminidase (11 molecules) and hemagglutinin
(18 molecules) three-dimensional structure are
derived from " Protein Data Bank " with PDB IDs
shown in tables 1 and 2. The Neuraminidase
active site centers are " R118, E119, and 1222 ",
in addition, the center of selected hemagglutinin
active site are " Y98, W153, H183, and L194 " .

bisdemethoxycurcumin, also sugars, iroteins,

" Neuraminidase type N1 N2 | N3 N4

N5 N6 N7 N8 N9 N10 N11

PDB ID 2hud | 1ivf | 4hzv 2htw

3sal | 1v0z | 4gn7 | 2htu | 1f8b | 4gdi | 4mc7 "
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Hemagglutini | H1 | H2 | H3 | Ha | H5 | He [ H7 | H9 | 1o | Rl [haa | fIT B 1 BT AT
n type
PDB 4ed 2wr | 3zt | 5xl | 5e2 | 5t0 | 4lk | 1js | 4xq | 4kp | 3ey | 5tg | 4f2 | 4i7 A3 "
1 b d j 2 y b h h 5 q i 8 3 8 X

Curcumins Compounds

used in current study in order to inhibit influenza

virus. These chemical compounds listed in table 3.

Many Curcumin comiounds (58 molecules) were

IUPAC Name Chemical Formula No
(1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione Curcumin 1
" (2S,3S,4S,5R,65)-3,4,5-trihydroxy-6-[4-[(1E,6E)-7-(4-hydroxy-3-methoxyphenyl)-3,5- ol .
N 2
dioxohepta-1,6-dienyl]-2-methoxyphenoxy] oxane-2-carboxylic acid Cureumin glucuronicle
(1E,6E)-1,7-bis(4-hydroxyphenyl) hepta-1,6-diene-3,5-dione Bisdemethoxycurcumin 3
[4-[(1 E,éE)-7-(4-hydroxy-3-methoxyphenyl)-3,5-d|ox$’)hepta-1 ,6-dienyl]-2- Curcumnin sulfate 4
methoxyphenyl] hydrogen sulfate
[4-[(1E,6E)-7-(4-acetyloxy-3-methoxyphenyl)-3,5-dioxohepta-1,6-dienyl]-2- Curcumin bisacetate 5
methoxyphenyl] acetate
" 1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione ” Curcuma longa L 6
" (42)-4-[(22)-2-[5-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-1,2-dihydropyrazol-3- . |
& 7
ylidene] ethylidene]-2-methoxycyclohexa-2,5-dien-1-one Curcumin pyrazole
3,4,5-tr|hydroxy-é-[4-[7-(4-hydroxy-3-methoxyphenyl)-.3,5-c!|o>‘<’ohepta-1,6-d|eny|]-2- Gureuiiin lsci-BelLeurenice] &
methoxyphenoxy] oxane-2-carboxylic acid
v : 4-(4-hydroxy-3-
(1E,éE)-'I,7-b|s(4-hy(:1r(|)?(<:|y-3-mke]thoxyfk;egyl)-&é(i)—?gdroxX-B-methoxyphenyl) methoxybenzylidene) 9
methylidene] hepta-1,6-diene-3,5-dione curcumin
[2-methoxy-4-[(1E,6E)-7-[3-methoxy-4-(thiophene-2-carbonyloxy) phenyl]-3,5- . . .
dioxohepta-1,6-dienyl] phenyl] thiophene-2-carboxylate e e
" (1E,4Z,6E)-5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-[3-methoxy-4-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl) oxan-2-ylJoxyphenyllhepta-1,4,6- | Curcumin monoglucoside |11
trien-3-one "
1,7-bis(4-hydroxy-3-methoxyphenyl) heptane-3,5-dione Tetrahydro-curcumin 12
(1 E,éE)—1-(3,4-d|hydroxyphenyl)-7-(4-kgfl);oex¥-3-methoxyphenyl) hepta-1,6-diene-3,5- sy Cuiauiii 13
|
" 1-(3,4-dihydroxyphenyl)-7-(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione " OR223598 14
" (1E,6E)-1,7-bis(3,4-dihydroxyphenyl) hepta-1,6-diene-3,5-dione " Didemethyl Curcumin 15
. . . . 1,7-bis(3,4-dihydroxyphenyl)
1,7-bis(3,4-dihydroxyphenyl) hepta-1,6-diene-3,5-dione sl et o 16
(1E,4Z,6E)-7-[4-(3-fluora nylpropoxy)-3-methoxypl'.wenyl]-S-hy‘f:Iroxy-1 -(4-hydroxy-3- [18EP]-curcumin 17
methoxyphenyl) hepta-1,4,6-trien-3-one
" (4E)-4-[(22)-2-[5-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-1,2-dihydropyrazol-3- .
g I 1
ylidene] ethylidene]-2-methoxycyclohexa-2,5-dien-1-one Curcumin pyrazole 8
" Methyl (2S,3S,45,5R,65)-3,4,5-triacetyloxy-6-[4-[(1E,6E)-7-(4-hydroxy-3- Curcumin |A-D-Glucuronide 19
methoxyphenyl)-3,5-dioxohepta-1,6-dienyl]-2-methoxyphenoxy] oxane-2-carboxylate " Triacetate Methyl Ester
" 1,5-bis(2-fluorophenyl) penta-1,4-dien-3-one " AC1TN6914 20
" (1E,4Z,6E)-5-hydroxy-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,4,6-trien-3-one CURCUMIN PE 21
(1E,6E)-4-[(3,4-difluorophenyl) methxl|dene]-1,7.-b|s(§-hydroxy-3-methoxypheny|) Curcumin-difluorinated (CDF) |22
hepta-1,6-diene-3,5-dione
(3S,6S)-3,4,5-tr|hyqroxy-é-[4-[(1 E,6E)-7-(4-hydroxy-3-methoxyphenyl)-"3,5-d|oxohepta- G bt Bralueureide 78
1,6-dienyl]-2-methoxyphenoxy] oxane-2-carboxylic acid
" (1Z,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione " Cis-Curcumin 24
" (1E,6E)-1,7-bis(3-methoxy-4-prop-2-enoxyphenyl) hepta-1,6-diene-3,5-dione " Allyl-curcumin 25
" (1E,6E)-1-(4-hydroxy-3-methoxyphenyl)-7-[4-hydroxy-3-[[(3R,4S,55,6R)-3,4,5- i .
trihydroxy-6-(hydroxymethyl) oxan-2-yl] methoxy] phenyl] hepta-1,6-diene-3,5-dione e 26
(1 E,6E)-1,2,4,4,6,7-hexaf|uoro-1,7-b|s[2,3,é—tnfluoro-.él-hy(‘j’roxy-5-(tr|f|uoromethoxy) Perfluoro Curcumin 27
phenyl] hepta-1,6-diene-3,5-dione
(1 E,6E)-1-[3-(d|f|uoromethoxy)-4-hyd'roxypheny.l]-7-(£‘1’-hydroxy-3-methoxypheny|) Di-fluoro curcumin 28
hepta-1,6-diene-3,5-dione
(E,12)-4-(4-hydroxy-3-methoxyphenyl)-1-[7-(4-hydroxy-3-methoxyphenyl)-1,2,3,4- .
tetrahydro-1,4-diazepin-5-ylidene] but-3-en-2-one ST TuIISe 29
(1E,6E)-1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl) hepta-1,6-diene-3,5-dione Shdametuleanediey 30

curcumin

1
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Tetrahydrobisdemethoxycurcu

1H-pyrazol-5-ylidene] ethylidene]-2-methoxycyclohexa-2,5-dien-1-one "

1,7-bis(4-hydroxyphenyl) heptane-3,5-dione i 31
m . Tetrahydro-curcumin
[4-[7-(4-acetyloxy-3-methoxyphenyl)-3,5-dioxoheptyl]-2-methoxyphenyl] acetate diacetate 32
4-[2-[3-[2-(4-hydroxy-3-methoxyphenyl) ethyl]-1,2-oxazol-5-yl] ethyl]-2-methoxyphenol Tetrafgg)z:;gtrercumm 33
" 5-hydroxy-1,7-bis(4-hydroxy-3-methoxyphenyl) heptan-3-one " Hexahydro-curcumin 34
(1 E,éE)-1-(4-hydroxy-3—methoxypher(;)i/(l));;—(‘g-methoxyphenyl) hepta-1,6-diene-3,5- Curcumin 2 35
" 1,7-bis(4-hydroxy-3-methoxyphenyl) heptane-3,5-diol Octahydro-curcumin 36
" (3S,55)-1,7-bis(4-hydroxy-3-methoxyphenyl) heptane-3,5-diol Octahydro-curcumin 37
" (3S,79)-3,7-diamino-5-[2-hydroxy-5-[(1E,6E)-7-(4-hydroxy-3-methoxyphenyl)-3,5- L .
dioxohepta-1,6-dienyl] phenoxy]-2,8-dimethylnonane-4,6-dione ” di-valinoy! curcumin 38
" (1E,6E)-1-[3-[1,3-bis(2-hydroxyphenyl)-1,3-dioxopropan-2-yl] oxy-4-hydroxyphenyl]-7- L .
(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione * SR oI 39
" (3R,55)-1,7-bis(4-hydroxy-3-methoxyphenyl) heptane-3,5-diol Meso-Octahydro-curcumin |40
[4-[(1 E,éE)—7-(4-hydroxy-3-methoxyphenyl)-3,5-d|oxohepta-‘1’,6-d|eny|]-2- isreveiey] e 41
methoxyphenyl] (2S)-2-amino-3-methylbutanoate
" (E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hept-1-ene-3,5-dione " Dihydrocurcumin 42
" (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione " [13C]-Curcumin 43
(1E,6E)-1 -(4-hydroxy-3-methoxyphenyl)-7-(3-me"thoxy-4-methy|phenyl) hepta-1,6- SCHEMBL2622435 44
diene-3,5-dione
[ E,22,6E)-7—(4—hy.droxy-3-methoxypheny]).-1-(3-metho?<y-4-oxoc:")/c|ohexa-2,5-d|en- Curcumin semicarbazone 45
1-ylidene)-5-oxohepta-2,6-dien-3-yl] amino] urea
[4-[(1 E,éE)-7-(4-hydroxy-3-methoxyphen.yl)-3,5-d|o>f’ohepta-1 ,6-dienyl]-2- Visreelaned auauiin |64
methoxyphenyl] 2-aminoacetate
(1E,6E)-4-benzylidene-1 ,7-b|s(4-hyc(ljr%>;ye-3"-methoxyphenyl) hepta-1,6-diene-3,5- i soadidene auraurtn |4
|
(1 E,éE)-1—(4—hydroxy-3-methoxyphe;y(l)r-]7e-‘(’4-hydroxyphenyl) hepta-1,6-diene-3,5- Demeieyaai 48
" (2S)-2-[[(1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-3,5-dioxohepta-1,6-dien-4-yl]
amino]-5-[[(2R)-1-(carboxymethylamino)-1-oxo-3-sulfanylpropan-2-yl] amino]-5- monoglutathionyl-curcumin |49
oxopentanoic acid "
" (1E)-1-(4-hydroxy-3-methoxyphenyl)-4-[(E)-3-(4-hydroxy-3-methoxyphenyl) prop-2- .
- -methacryloyl-
enoyl]-6-methylhepta-1,6-diene-3,5-dione mono-methacryloyl-curcumin |50
[4-[(1 E,éE)-7-(4-heptanoonxy-3-propoxyphenyl)-3,5‘-’d|oxohepta-1 ,6-dienyl]-2- s ey arerin5i
methoxyphenyl] heptanoate
(1E,6E)-1 -[4-hydroxy-3-(hydroxymethyl) phenyl]-7-(4;hydroxy-3-methoxyphenyl) US9187406, Curcumin 52
hepta-1,6-diene-3,5-dione
" (1E,6E)-1,7-bis[4-(2-hydroxyethoxy)-3-methoxyphenyll hepta-1,6-diene-3,5-dio * | D O oty g
" (1E,6E)-1-[4-(2-hydroxyethoxy)-3-methoxyphenyl]-7-(4-hydroxy-3-methoxyphenyl) Mono-O-(2-hydroxyethyl) 54
hepta-1,6-diene-3,5-dione " curcumin
" (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-4-[(4-hydroxyphenyl) methylidene] 4-(4-hydroxybenzylidene) 55
hepta-1,6-diene-3,5-dione ” curcumin
" (4E)-4-[(22)-2-[2-(4-fluorophenyl)-3-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-1H- | N-(4-Fluorophenylpyrazole)
. . ) w : 56
pyrazol-5-ylidene] ethylidene]-2-methoxycyclohexa-2,5-dien-1-one Curcumin
" (4E)-4-[(22)-2-[3-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-2-(3-nitrophenyl)-1H- N-(3-Nitrophenylpyrazole)
. . . - . 57
pyrazol-5-ylidene] ethylidene]-2-methoxycyclohexa-2,5-dien-1-one Curcumin
" (4E)-4-[(22)-2-[3-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-2-(4-methoxyphenyl)- |N-(4-Methoxyphenylpyrazole) 58

Curcumin

Programs

Several programs, both online and standalone are . :
used. Including: MCUL {1-click docking} [7], Protein active sites.
data bank (PDB) [8], [9]. 3. Results

Strategy of Potential Inhibitors
Selecting all of 58 studied curcumin compounds,

" MCULE

A\l

current study,

then molecular docking done. Through

server, by " 1-click docking " tool against Molecular docking

hemagglutinin and neuraminidase active sites.

of studied curcumin

Additionally, docking score less than -7, give thought
to stable attachment of curcumin to corresponding

Curcumin compounds, 58 compounds at the
are examined
docking to neuraminidase and hemagglutinin.

using MCUL

to

neuraminidase and hemagglutinin strains are

detailed in tables 4 and 5, with score stronger

1972
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than -7.

Curcumin Compounds

positi
ol ves
No

+| H13
H10

H9

+[+| H7

N-(4-Fluorophenyl-pyrazole) Curcumin
N-(3-Nitrophenylpyrazole) Curcumin
s || o Curcumin-difluorinated (CDF)

+ | - 4-benzylidene curcumin

- |- N-(4-Methoxyphenylpyrazole) Curcumin

o= Curcuminpyrazole

- |+ Curcumin ED

- |+ - Curcuminsemicarbazone

- 4-(4-hydroxy-3-methoxy-benzylidene) curcumin

Curcuminmonoglucoside

- 4-(4-hydroxy-benzylidene) curcumin

Curcuminpyrazole

== =] = Didemethyl-Curcumin

S I CURCUMIN PE

I O e glucosyl-curcumin

N S Y e e e Tetrahydrocurcuminisoxazole

B e e e Disalicyloyl Curcumin

= ==l ==]=l==1=[==]%]=]=]¢= mono-methacryloyl-curcumin

B e e e Curcumin

N I I I I U I U I O Curcuminglucuronide

S e e Bisdemethoxycurcumin

N S I I O O I O I O Curcumin sulfate

[ I U U U I I U I I Curcuminbis-acetate

R I U U e Curcuma longa L

N S I I O O I O I I Curcumin beta-D-glucuronide

[ U U U U I I U I I Di-O-(2-Thienoyl) curcumin

e Tetrahydrocurcumin

A S DemethylCurcumin

S e OR223598

1,7-bis(3,4-dihydroxyphenyl) hepta-1,6-diene-3,5-

dione
[18FP]-curcumin

- - - - -l --1-1-1-]-| Curcumin |A-D-Glucuronide Triacetate Methyl Ester

U S I I I I I I I D R R ACTN6914

A S I I ) O I O I Curcumin beta-D-glucuronide

I e e Cis-Curcumin

I D D S S S e e Allyl-curcumin

B e e e e Di-fluorocurcumin

[ U U U U I I U I I O-demethyldemethoxycurcumin

N S I U I I I I Tetrahydrobisdemethoxycurcumin

I I e Tetrahydrocurcumindiacetate

N I I I e Hexahydrocurcumin

B e e Curcumin 2

[ U S U U I I I U I I Octahydrocurcumin

[ U [ I I U I I Octahydrocurcumin

A S I O di-valinoyl curcumin

N I I e Meso-Octahydrocurcumin

I R e e Monovalinoylcurcumin

N I I e Dihydrocurcumin

N i e [13C]-Curcumin

O e SCHEMBL2622435

[ U S U U I I I U I I Monoglycinoylcucumin

I e Demethoxycurcumin

S D D D T D e monoglutathionyl-curcumin

e di-O-heptanoylethyl curcumin

N S D D O D D I I I O R US9187406, Curcumin

N I I U e Di-O-(2-hydroxyethyl) curcumin

N I I e Mono-O-(2-hydroxyethyl) curcumin

AN | ~—
I | T
+ |+ Perfluoro Curcumin
+ | +
+ | +

1

+

+ |
1

+ |+ [+ |+| H16

1
1
1
+ [
1

+|+|+|+|+]|+] H3

+

1

1

1

+
1

1
+ |+ [+ [+ |+|+|+|+]|+]| H5
+ |+ |+ |+ [+|+|+|+[+]| HE

1
1
1
1
+ [
1

1
1
+ [+ [+ +]
Ll
1
+
Ll

1
L
1
1
1

4+
:

+ |+
:

1
1
1
1
1
1
1
1
+ [+ [+
+
1
1
1

OO0 |O|O|O|O|OO|O|O(O|0|O|O|(O|0|0O|O|O|0|0O|O|0|0|O(0O| O |O|0O|0|0|O|O|0|O|O|(O|O| === =2 IN|wW wlw|uo|ulful|0N| O~ ON OO
1
1
1
1
1
1
1
i
i
'
i
'
'
'
'
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N7IN6N5N4N3N2N 1 Curcumin

Positive
s No
=
=
o
p4
)
p4
oo

Perfluoro Curcumin
N-(4-Fluorophenylpyrazole)
Curcumin
N-(3-Nitrophenylpyrazole)
Curcumin
= |+ Curcumin-difluorinated (CDF)
- - 4-benzylidene curcumin
= == N-(4-Methoxyphenylpyrazole) Curcumin
- Curcuminpyrazole
A Curcumin ED
- -t Curcuminsemicarbazone
+
+

[ee]
4

'

'
4k
4
4
4
4
4

'
4=

~
L

'

'
4L
L
L
L
L
L

1

1

+| +
+| +

+ |+
Ll

+ |
+ |+ ]+

+ |1
'
'
'
+ |+ |+
4L
'

- +
N N N A ES EN ERE

1

1

+ |
1
+

4-(4-hydroxy-3-methoxybenzylidene) curcumin

Curcuminmonoglucoside
=== 4-(4-hydroxybenzylidene) curcumin
=== Curcuminpyrazole
+|-] - DidemethylCurcumin
S I CURCUMIN PE
glucosyl-curcumin
=] == Tetrahydro-curcuminisoxazole
-[-]- Disalicyloyl Curcumin
= lells mono-methacryloyl-curcumin
- - Curcumin
-1-- Curcuminglucuronide
+|-] - Bisdemethoxycurcumin
Curcumin sulfate
+|- - Curcuminbis-acetate
Curcuma longa L
--1- Curcumin beta-D-glucuronide
N Di-O-(2-Thienoyl) curcumin
+ - f-]-]-]- Tetrahydrocurcumin
+ =l = DemethylCurcumin
OR223598
= | = 1,7-bis(3,4-dihydroxyphenyl) hepta-1,6-diene-3,5-dione
[18FP]-curcumin
-+ - -] - Curcumin |A-D-Glucuronide Triacetate Methyl Ester
+[-]-1-1T-71- AC1TN6914
+--1-1-]- Curcumin beta-D-glucuronide
S U I I Cis-Curcumin
- - |- - e EEE Allyl-curcumin
I e [ e Di-fluorocurcumin
O-demethyldemethoxy-curcumin
N I Tetrahydrobisdemethoxy-curcumin
-+ -] -] - Tetrahydro-curcumindiacetate
B R e Hexahydrocurcumin

+ - -]-]-]- Curcumin 2

. Octahydrocurcumin
B N e Octahydrocurcumin

- === di-valinoyl curcumin
B DR e Meso-Octahydrocurcumin
B R I I Monovalinoylcurcumin
- = Jlellellellell=]=]=]c=]-= Dihydrocurcumin
- S e [13C]-Curcumin
- N U I I SCHEMBL2622435
B N IR R U U I I Monoglycinoylcucumin
B N Demethoxycurcumin
- = - - - - - monoglutathionyl-curcumin
B N IR I R U U I I di-O-heptanoylethyl curcumin
_ S U I R I I I I I US9187406, Curcumin
- B e Di-O-(2-hydroxyethyl) curcumin
_ U IR I R R D R R Mono-O-(2-hydroxyethyl) curcumin

o e e e e e

[+ [+]
1
+
1

+ |+
1
1
1

+ |+
1
1
1

B e ) S [ (S TS () ) S R

1
1
1
o e e e e e S E B

1
1
1
+
+ 1+ [+

+
+ |+

1

1

1
1
1
1
+ |+ |+

1
1
1
1
+ |+
+ |+
1
1

1
1
1
1
+ |+
+ |
1
1

1
1
1
1
+ |+

1
1
1
1
[+
+
1
1

O|O|OO|O|0O|O|O|O(O|= = === === =2INININININININININININ NN W W W W W W AR BO|ofojgfoglfO1| U0~ ON| O N
1
1
1
1
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Normal Neuraminidase Hemagglutinin
values Curcumin- Curcumin Perfluoro N-(4-Fluoropheny- Perfluoro Property
difluorinated (CDF) glucuronide |Curcumin| |pyrazole) Curcumin Curcumin
Lesssotga” 492.4655 544.5023 692062 458.4793 692062 mass
Less than 5 5.3416 0.9353 7.4185 4.4863 7.4185 logP
Less than 6 12 6 6 6 H-bond
10 acceptors
Less than 5 2 5 2 2 2 H-bond
donors
Less than Rotatable
10 9 11 10 6 10 bonds
0 1 2 2 0 2 RO5 violations,
0 5 5 5 5 5 RO3 violations,
Docking pose Structure Curcumin
HD::Q:,H
B & 3 Curcumin glucuronide
o Jd
> T o
HO @ on Curcumin-difluorinated (CDF)

PerfluoroCurcumin

F

0
F’ﬁf

e
F
Structure Curcumin
F F 0o 0 F F p
F, N v, 0. | F
OO XY e :
W N Y o Perfluoro Curcumin

F
\CI
2

N-(4-Fluorophenyl-pyrazole)Curcumin

4. Discussion

Influenza is a viral infectious illness, it causes
approximately millions of deaths worldwide through
pandemic episodes [10]. In addition, the influenza a
viruses infect a wide range of avian and mammalian
hosts, unlike other influenza viruses. Additionally, the
influenza a virus's envelope had two surface

glycoproteins, the " hemagglutinin  (HA) and
neuraminidase (NA) " . And influenza viruses are
categorized into antigenic 18 HA and 12 NA
subtypes [11]. Furthermore, the primary defense
against influenza a pandemic, is the vaccinations.
Either inactivated or live-attenuated virus [12].
Additionally, traditional influenza medications are
targeted the M2 ion channel, which considered
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amantadine target. In addition to neuraminidase,
which is the target of zanamivir and oseltamivir. On
the other hand, resistance to those drugs is spread
widely. And new antivirals are still needed to treat
influenza, epidemics and pandemics [13]. On the
other hand, previous studies combined with
extensive molecular and virology research needed to
provide chances to invent several new therapeutic
agents [14].

On the other hand, there are natural products
provide rich resource of new antiviral drugs,
curcumin is one of these products which have
potency to inhibit the influenza receptor,
hemagglutinin (HA) and neuraminidase. In addition,
several studies are showed curcumin as a direct
effective on virus that inhibited haemagglutinin. And
this effect observed in " H1N1 as well as H6N1T *
subtypes, and viruses did not develop resistance to
curcumin effect [15.].

On the other hand, the current study was adapted
the combinatorial chemistry to examine the effect of
curcumine on influenza viruses instead of
conventional method. The combinatorial chemistry is
a technique by which large number of different but
structurally similar molecules are produced rapidly
with low risk of failure done by computer software,
then these products submitted for pharmacological
assay [16].

Additionally, the results were showed that best
curcumin compounds bind and cover the active sites
of most strain of hemagglutinin (HA) and
neuraminidase (NA), the best binding and covering
occurs by Perfluoro Curcumin, N-(4-
Fluorophenylpyrazole) Curcumin, Curcumin
glucuronide, Curcumin-difluorinated (CDF). So that,
these compounds are observed to have the most
acceptable values of Lipinski rule of five properties,
and deviation is slight.

Additionally, perfluoro Curcumin exhibits the
strongest affinity to 13 out of 15 tested strain of
hemagglutinin including " H1, H2, H3, H4, H5, Hé,
H7, H10, H13, H14, H15, H16 and H17 * and to 8
out of 11 tested strain of neuraminidase including
(N1, N3, N4, N5, N6, N7, N8 and N11). The structure
of Perfluoro curcumin is wealthy with flourien
functional groups that enhanced the binding of
curcumin with the active site of neuroamindase
molecules.

In addition, N-(4-Fluorophenylpyrazole) Curcumin
have strong affinity to 9 out of 15 tested strain of
hemagglutinin, their structure also contain flourien
functional group in addition to amine group. Both of
Curcumin glucuronide and Curcumin-difluorinated
(CDF) have potent binding to 7 out of 11 strain of
neuraminidase.

Perfluoro curcumin and Curcumin glucuronide were
have large mass more than the normal values of
Lipinski rules, also logP for Perfluoro curcumin and
Curcumin-difluorinated (CDF) more than the normal
values of Lipinski rules, In future may be modify the
structure of them to use these compounds in treat
influenza.
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On the other hand, the information about toxicity are
limited for these experiment compounds (Perfluoro
curcumin, N-(4-Fluoropheny-lpyrazole) Curcumin,
Curcumin  glucuronide,  Curcumin-difluorinated
(CDF) and Curcumin glucuronide) and internet
sources are limited about the previously used of
these compounds in the treatment of influenza.

This study led to conclude that the chosen curcumin
compound (Perfluoro curcumin, N-(4-Fluoropheny-
lpyrazole) ~ Curcumin,  Curcumin  glucuronide,
Curcumin-difluorinated  (CDF) and  Curcumin
glucuronide) may have the best studied properties
and suggest them to future studies in combination to
traditional antiviral agent , both in-vivo and in-vitro.

References

[1] WHO supports fair access to influenza A (H1N1)
vaccine. Bulletin of the World Health Organization
[Internet]. WHO Press; 2009 Sep 1; 87(9):653-4.
Available from: http://dx.doi.org/10.2471/blt.09.030909
[2] Reid AH, Taubenberger JK, Fanning TG. Evidence of
an absence: the genetic origins of the 1918 pandemic
influenza virus. Nature Reviews Microbiology [Internet].
Springer Nature; 2004 Nov;2(11):909-14. Auvailable
from: http://dx.doi.org/10.1038/nrmicro1027

[3] Lampe V, Milobedzka J. Studien Uber Curcumin.
Berichte der deutschen chemischen Gesellschaft
[Internet]. Wiley;, 1913 Apr;46(2):2235-40. Available
from: http://dx.doi.org/10.1002/cber.191304602149
[4]. Wang Y-J, Pan M-H, Cheng A-L, Lin L-I, Ho Y-S, Hsieh
C-Y, et al. Stability of curcumin in buffer solutions and
characterization of its degradation products. Journal of
Pharmaceutical and Biomedical Analysis [Internet].
Elsevier BV; 1997 Aug; 15(12):1867-76. Available from:
http://dx.doi.org/10.1016/s0731-7085(96)02024-9

[5] Chuengsamarn S, Rattanamongkolgul S,
Luechapudiporn R, Phisalaphong C, Jirawatnotai S.
Curcumin Extract for Prevention of Type 2 Diabetes.
Diabetes Care [Internet]. American Diabetes
Association; 2012 Jul 6;35(11):2121-7. Available
from: http://dx.doi.org/10.2337/dc12-0116

[6] Farooqui T, Farooqui AA. Potential Therapeutic
Impacts of Curcumin for Improving Memory Impairment.
Curcumin for Neurological and Psychiatric Disorders
[Internet]. Elsevier; 2019;257-73. Awvailable from:
http://dx.doi.org/10.1016/b978-0-12-815461-8.00014-1
[7] Kiss R, Sandor M, Szalai FA. http://Mcule.com: a
public web service for drug discovery. Journal of
Cheminformatics [Internet]. Springer Science and
Business Media LLC; 2012 May 1;4(S1). Available
from: http://dx.doi.org/10.1186/1758-2946-4-s1-p17
[8] Kim S, Thiessen PA, Bolton EE, Chen J, Fu G,
Gindulyte A, et al. PubChem Substance and
Compound databases. Nucleic Acids Research
[Internet]. Oxford University Press (OUP); 2015 Sep
22;44(D1):D1202-D1213. Available from:
http://dx.doi.org/10.1093/nar/gkv951

[9] Pettersen EF, Goddard TD, Huang CC, Couch GS,
Greenblatt DM, Meng EC, et al. UCSF Chimera?A
visualization system for exploratory research and
analysis. Journal of Computational Chemistry
[Internet]. Wiley; 2004;25(13):1605-12. Auvailable



http://dx.doi.org/10.2471/blt.09.030909
http://dx.doi.org/10.1038/nrmicro1027
http://dx.doi.org/10.1002/cber.191304602149
http://dx.doi.org/10.1016/s0731-7085(96)02024-9
http://dx.doi.org/10.2337/dc12-0116
http://dx.doi.org/10.1016/b978-0-12-815461-8.00014-1
http://dx.doi.org/10.1186/1758-2946-4-s1-p17
http://dx.doi.org/10.1093/nar/gkv951

HIV Nursing 2022; 22(2): 1970-1977 Virtual Potential of Some Curcumin Derivatives as Inhibitors to Influenza....

from: http://dx.doi.org/10.1002/jcc.20084

[10] Berman HM. The Protein Data Bank. Nucleic
Acids Research [Internet]. Oxford University Press
(OUP); 2000 Jan 1; 28(1):235-42. Available from:
http://dx.doi.org/10.1093/nar/28.1.235

[11] Taubenberger JK, Morens DM. 1918 Influenza:
the Mother of All Pandemics. Emerging Infectious
Diseases [Internet]. Centers for Disease Control and
Prevention (CDC); 2006 Jan; 12(1):15-22. Available
from: http://dx.doi.org/10.3201/eid1201.050979
[12] Payne S. Family Orthomyxoviridae. Viruses [Internet].
Elsevier; 2017;197-208. Available from:
http://dx.doi.org/10.1016/b978-0-12-803109-4.00023-4
[13] Norrild B. Fundamental virology, 3rd edn. FEBS
Letters [Internet]. Wiley; 1996 Aug 26; 392(2):203-
203. Available from:
http://dx.doi.org/10.1016/0014-5793(96)89441-5
[14] Min J-Y, Subbarao K. Cellular targets for
influenza drugs. Nature Biotechnology [Internet].
Springer Science and Business Media LLC; 2010
Mar;28(3):239-40. Available from:
http://dx.doi.org/10.1038/nbt0310-239

[15] Chen W, Calvo PA, Malide D, Gibbs J, Schubert
U, Bacik |, et al. A novel influenza A \virus
mitochondrial protein that induces cell death. Nature
Medicine [Internet]. Springer Nature; 2001 Dec;
7(12):1306-12. Available from:
http://dx.doi.org/10.1038/nm1201-1306

[16] Khamroev IO. Gold reserves of the Navoi Mining
and Metallurgical Combinat. Gornyi  Zhurnal
[Internet]. Ore and Metals Publishing House; 2018
Sep 28; 22-32. Available from:
http://dx.doi.org/10.17580/gzh.2018.09.01

1977


http://dx.doi.org/10.1002/jcc.20084
http://dx.doi.org/10.1093/nar/28.1.235
http://dx.doi.org/10.3201/eid1201.050979
http://dx.doi.org/10.1016/b978-0-12-803109-4.00023-4
http://dx.doi.org/10.1016/0014-5793(96)89441-5
http://dx.doi.org/10.1038/nbt0310-239
http://dx.doi.org/10.1038/nm1201-1306
http://dx.doi.org/10.17580/gzh.2018.09.01

