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The Thesis is structured in eight Chapters:

- Chapter one: Introduction

- Chapters two - seven contain the main results in my research field from 2006 up
present, and o

ol 4
- Chapter eight on “Future trends in academic and profession 'rjctions”

The main objectives of my research in the past ten year
1. Evaluation of the type of water molecules in cy
2. Synthesis, analysis, and possible applicat?brﬁ.lo

- natural antioxidants / cyclodextrin co

- essential oils / cyclodextrin complexes
d

- fatty acids / cyclodextrin com#&?es

- alkaloids / cyclodextrin complexes
|

3. Molecular modeling and dc_)_eﬁrl;g eimentsibio?a'ttive compounds /
i

cyclodextrin complexes
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Chapter 1. INTRODUCTION
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Cyclodextrins are cyclic ollgosacchar.j-des consist of six, seven, and eig
corresponding to the most knov-\l/_n natural a-, B-, and y- cyclodextrln
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Cyclodextrins have structures like
truncated cones with hydrophyllic
exterior and hydrophobic cavities.

B-cyclodextrin

i
: rr x
B-cyclodextrin guest / B-cyclodextrin complex
. . . . " |
Cyclodextrins can encapsulate molecufar encapsulation by guest-host interaction i

geometrically compatible hx ophohliie compounds. THe resulting complexes (micro-
or nanoparticles) protect the enca d co unds against degradation (oxigen,

i Iigﬁiity) a'ETE)'ws 3 coffffolled release. 4




Chapter 2. “SURFACE WATER” AND “STRONG-BONDED
CYCLODEXTRINS
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In the complexation process, hydrophobic compounds are encapsu r cavities of cyclodfxtrlns by means of

van der Waals interactions, and some of water molecules arejplaced.

In the solid state, water crystallization molecules exist both in “pure”
complexes.

4
e a
Cyclodextrins contain two types of water molecules: ‘ 5
- “Surface” water molecules (especially from the crystal surface) and
- “Strong-bonded” water molecules (especially from the cavity).

The concentration of these water molecules al relativ

Hadaruga, N. G.; Hadaruga, D. |.; Isengard, H.-D. “S nd “strong
Phenomena and Macrocyclic Chemistry 2013, 75(3- : 10.1007/s

ifficult to e:inate .kI)I§I simple methods.

edWhter” in cyc ds'!!: a Karl Fischer titration approach. Journal of Inclusion
]—012-0143-7 5



The volumetric Karl Fischer titration (KFT)'is a proper method to estimate the-:s&_ '_i

water” and “strong-bonded water” molecules by ;neavms of the water reaction rate
(imidazolium methylsulphite an e reacts&with water to give imidazolium

i ﬂethy a _ qelide) 10




Statistically significant correlations between the water content of B- an
W(%), and the hydrophobicity of the solvent mixture, logP, were obtai

W (%) = 9.60(+0.12) +
n=4;,r=0.784; s = 0.23;.5:—:32

for y-cyclodextrin in alkane-methanol mixture

ey ¥ =
h s



The correlation of “strong bonded” water reaction rate (v,) with the hy
solvent mixture (logP) conduct to similar equations for both a- and B-

%3 l)l. ) g"lf?ﬂlv.mix.
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Vaepy = 0-630(£0.149) +0.61

n=4,r=0.885, s = 0.04-?:‘II: =8
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Conclusions on KFT water titration of cyclodextri

.
et

(1) KFT is an appropriate method to determines the tot
cyclodextrin samples;

(2) The water reaction rate from KFT process cam&ha
concentration of “surface” and “strong-bo
cyclodextrins;

cules fro natural

IIyJose fr
; KFT e |or
SE|tca Iace
ors the diffus /eﬂ?q‘ilon of

a

(3) The “strong-bonded” water molecules are es
cyclodextrin cavity; this affirmation is sust
hydrophobicity of the solvent is very impo

water molecules from cyclodextrin cavi d
water in KFT process. 1
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Chapter 3. NATURAL ANTIOXIDANTS / CYCLODEXTRIN PLEXES

H,O (w)
(OUT)

JY

F/carla verna Huds

Quercetin (IN
(from F. verna

Hadarugd, D. |.; Hadaruga, N. G.; Bandur, G.; Isengard, H.-D. Wacho’ntlent.o

active compounds. Food Chemistry 2012, 132, 1651-1659

h:l/cyclodextrm Eopartlcles relationship with the structural descriptors of biologically
Hadaruga, N. G. Ficaria verna Huds. extracts and tn suprarﬂ

#ystems Chem/s Central Journal 2012, 6, 16, doi: 10.1186/1752-153X-6-16 15



(1) Synthesis and analysis of:

flavonoids, flavonosides, flavonolignans/

complexes;

antioxidant compounds (i.e. Ficaq'a.\'/fr
|

complexes;

! ; cﬁ /IT:y extriEI
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Flavonoid and related compounds/cyclodextrin compl

R, Flavone (FIv): R4, = H; R';,, = H; 2,3-dotible,
Chrysin (Chr): R; =H; Ry, = OH; R';, ='f-'.h‘|3-double i
R @) Naringenin (Nrg): R; = H; R; ;, = OH; =iH; (25)-2,3-single
7 R Hesperetin (Hsp): R; =H; R, , = ; R, = OMe; (25)-
- Apigenin (Apg): R;=H; R, = OH; 2,3-double
R Fisetin (Fst): R;, = OH; R; = HI n
Luteolin (Ltn): R, = H;

R

R ~. _COOH

5 Cinnamic aci(I(Cépl ;
Caffeic acid (Cff): R,

OH O - g - "%
o
The flavonoid, flavonoside, and flavonoligr‘)resenﬂ above) / cyclodextrin complexes
were obtained Iizatio'alﬂ'c'j‘by uItra!glr'\ication methods. 17




In the case of flavonoid (and similar compounds) / B-cyclodextrin comp
concentration were in the range of 8.9-12.6% (crystallization metho
case of ultrasonication method (10.7-13.3% water). b

No Code Description

Flavone/B-cyclodextrin nanoparticles
(obtained by crystallisation method) ﬂ .
Chrysin/B-cyclodextrin nanoparticles
(obtained by crystallisation method)

Naringenin/f-cyclodextrin nanoparticles

1 02_Flv_bCD

2 05_Chr_bCD

3 08_Nrg bCD (obtained by crystallisation method) 95
Hesperetin/B-cyclodextrin nanoparticles

4 11_Hsp_bCD (obtained by crystallisation method) 101
Apigenin/(-cyclodextrin nanoparticles |

> 14_Apg_bCD (obtained by crystallisation method) 1O|P .7_0'4|7 9.9
Fisetin/B-cyclodextrin nanoparticles (obt ]

6 17_Fst_bCD by crystallisation method) 12.08+0.39 10.4
Luteolin/B-cyclodextrin nanoparticles . N

7 20_Ltn_bCD (obtained by crystallisation meth@d) & 1.15:0.12 24

3 23 Sbn_bCD Silybin/ B-(l:yclf)dextrln nanoparticles (obtained 9434022
by crystallisation method) -

9 26_Cnm_bCD Cinnamic acid;/B-cyclodextrin nanoparticles 11.52+0 42

(obtained by crystallisation-method) "y '
Caffeic acid/B-cyclodextrin particles .
10 29.CBCD 1o od by crystallisati ho a) J 12:56+0.38 5 12.0

C i W

20



The water content (W, %) is good correlated with some hydrophobic d ors ﬂh.e"
flavonoids and similar compounds:
- logP — the logarithm of the octanol-water partition coefficient, an

- N,,, — the number of nonpolar atoms

W (%) = 13.54(+0.62) — 1.14(
]

n=10; r=-0.871; F=22.0; s =0.
0
W (%) =13.77(x1.00) =

n=10;r=-0.752'F=10' ; $=0.82

lj

'ﬂtr_"" 21




Conclusions on natural antioxidants / cyclodextrin com es

t the formatio
ound
method; *

(1) The study on flavonoid / cyclodextrin complexes indi
of the complex depends of the hydrophobicity of t
(expressed by different descriptors), but only by cr

(2) The most important descriptors are: logP — no —water
partition coefficient, N, — total number of
solubility of the guest compound (Iogg) -



Chapter 4. ESSENTIAL OILS / CYCLODEXTRIN COMPLEXES ¥

alpha-PINENE
(from Juniperus communis L)

LIMONENE
(from Carum carviL. and
Anethum graveolens L.)

Bioactive
Water molecules #o compounds _—___——___——__—  DIALLYL DISULFIDE

(from Allium sativum L.)

IN

LINALOOL
(from Coriandrum sativum L.)

CARVONE
[from Carum carvi L.)

ANETHOLE
(from Foeniculum vulgare L.)

CYCLODEXTRIN

ﬁ.

l.
rins and their essential oil complexes: a comparative study between Karl Fischer titration

Hadaruga, N. G.; Hadaruga, D. I.; Isengard, H.-D. Water content of natural cycl
and thermal methods. Food Chemistry 2012, 132, 1741-1748

Hadaruga, N. G.; Gharibeh-Branic, A.; Hadaruga, D. I; i@; G.; Plesa, C.; Cost@seu, C:;/Ardelean, A.; up@aA. X. Comparative study on Juniperus communis and Juniperus
virginiana essential oils: TLC and GC analyses. Jour n omatograp I\./Iodern TLC 2011, 24, 130-135 23



The studies regarding the essential oils / cyclodextri
targeted on the following aspects:

- Synthesis and characterization of essential oil_m
classes such as Monocotyledonatae, Dic
cyclodextrin complexes; .

2 1

- Evaluation of encapsulation competitivity, p
release properties of these complexes,

Pinatae)

niab%]d controlled
tioniproces esﬁqal

- Establish the water importance on the
oils in cyclodextrins.




These studies continue the research on essential oil/cyclodextrin co S
performed in the PhD Thesis. Thus, new essential oil / cyclodextrin plexes were
obtained and analyzed by SEM ...

r
,

" Scanning electron microscopy analysis for
Allium sativqﬂ'l_-. ess

ential oils/B-cyclodextrin coholexes
' W
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... The essential oil / cyclodextrin complexes were analyzed by DS

”
o
TG 1%

Mass Change:-12.88 %
100 ; A Mass Change:-9.79 %

i

o
90 4 v -
" /

70 1 pure beta-cyclodextrin

Mass Change: -68.17 %
60 -
A.sativum biocompounds/bCD complex

50 1

40

30 -

20 1

50 100 150 200 250 300 350
Temperature /°C
= |

Thermograms superposition for pure BCD and
Allium sativum L. bio.compounds/BCD nanoparticles

- a .
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The raw and recovered essential oils were analyzed by GC-MS.

In the case of Allium sativum essential oil and its B-cyclodextrin ¢
hundred compounds were identified. The most important was diallyl'-disulfid_eh.

Abundance
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The GC chromatogram from the GC-MS analysis of the
essential oil of Allium sativum L.

& v 27



Abundance
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Diallyl-disulphide was better encapsulated in cyclodextrin in com on wi! +
other similar compounds (20% in the raw essential oil and 29%ifi the

cyclodextrin complex; these are expressed as relative concen_t_;ations).
By R’

Compound name

Diallyl-monosulfide
1,3-Dithiane 1
Diallyl-disulphide
Allyl-methyl-trisulfide
1,3,5-Trithiane
Diallyl-trisulfide
Diallyl-tetrasulfide

1.7
- 18.4

[

S0 49% B39

Relative concentration (%) for the non-encapsu

I fAs) and B-
unds (As/bCD)

rin encapsulated Alli gtivum L.
bioco rr "
i F a
; -

29




One of the most important part of the research on essential oil / cyclod
was the analysis of the water content by Karl Fisher titration and the
Generally, the water content of essential oil/B-cyclodextrin complex
Karl Fischer method than from thermogravimetry.

ravi

2
metry:"

ie to the p.lr.esen

The difference is up to 1.6% (Allium sativum/B-cyclodextrin) and.i
of the strong-bonded water in these complexes.

‘.G mass loss (%)

Water (%
No Code by KF(T“) ( <25‘°C.T
1 bCD 14.29 + 0.30
2 Ce_bCD 6.43 + 0.29
3 Cs bCD 734+0.13 *
4 Fv_bCD 7.86+0.21
5 Ag bCD 7.39+0.14
6 As_bCD 6.87 + 0.46
7 Je bCD 741 +0.41
8 Je(l) bCD 744023
9 Je(f) bCD 8.09 + 0.56 4%

Water content of B-cyclodextrin (bCD) and the cq-@;;ond
i

L I

Anethum graveolens L. (Ag), Allium sativ

s), and Juni

-

rum carvi L. (Cc), Coriclilhdrum sativum L. (Cs), Foeniculum vulgare (Fv),
us communis L. (Jc) bCD complexes

30



The evolution of the Karl Fischer titration process can provide informati
of water molecules from cyclodextrin complexes:

Apiaceae Volatile Oils / beta-Cyclodextrin Nanoparticles
Titration volume/Sample size [ml/g] vs Time [s]

out t_ﬁv’p

80 T
“g,_ Wim(BCDO (OCT)2)
~p._ WiM{B4UV-5CO (OCT] 1) ———
70 . VIM(OEUVBCD (OCT)4) RS
. WIM{@3UV-5CO [0CT)2) Ny
60 [, WWMSLVBCD(OCTIZ) 88
50t
40 t
30 | o
20
10 |
0 L
04UV_bCD(OCT) 06UV_bCD(OCT) 09UV_bCD(OCT) 15UV_bCD(OCT)
-10 : : : : : : -
-100 0 100 200 300 400 500 600 700
Time (s)

Karl Fischer water titration c

ential o‘l/

i

o

|
in (upper curve) and for

Wower curves)
31

r B-cyclod
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The type of water molecules were:
- “surface water molecules” which react with higher rates: 3-8 mili ar/second
- “strong-bonded water molecules” with lower reaction rates: 0.2;.6[..r-‘rl\'|'limolar/§.eco

No Code v, (mM/s) g o= ) .
1 aCD 3.99 + 0.85 * 17+ 007
2 bCD 3.23 1 0. "« #0.36 + 0.04
3 Cc_bCD o 3sdseall J 540.17 i
4 Cs_bCD 412+ 1.0 91 +0.09
5 Fv_bCD 7.76 + 1. T 7 + OMO9
6 Ag bCD 6.05 * 0. ! 3+0.08

i ;)
7 As_bCD 5.43;!) . 0.67 +0.09
8 Je_bCD 4?& 0. 0.9 -':I'9.19
9 6.57 + 0.73 0.8i£.0.1

Je(1)_bCD
10 Je(f)_bCD 6.26 + 0.89 0.62 £ 0.09 !
I | |
Mean values for water extraction rate for three important ranges (0-50s, 50-100s, aqd 100-500s) for natural cyclodextrins and a

essential oil yclodextrin complexes
-

O et 32



Conclusion on essential oils / cyclodextrin complex

(1) The hydrophobic compounds were encapsulated in
concentrations comparatively with the oxygenated

rigidity and the volume of structures are also imBo i e
Thus, the relative concentration of the uns t mpounds’is
higher than for the saturated acyclic and cyeli ds, relatlve to

the raw Allium sativum essential oil; =

for valuati

r
0|I dex tn‘

] - H

(2) Classical Karl Fischer water titration is a go
concentration and type of water molecule
complexes.




Chapter 5. FATTY ACIDS / CYCLODEXTRIN CO

WATER "OUT"
H,0

H,0 =

H,0

CYCLODEXTRIN

icles (10): Therﬁwd OXI ive stability of nicotine and its complex with B-cyclodextrin.
M Di "'Hepatoprotective Effects of Berberis vulgaris L. Extract/B-

Hermenean, A.; Popescu, C.; Ardelean, ; Mihali, C
Cyclodextrin on Carbon Tetrachloride-In ced Acu Interna .Enurnal ofMo/ecuI r Sciences 2012, 13, 9014-9034 34

Hadaruga, D. I.; Hadaruga, N. G.; Butnaru, G.; Tatu, C.; Gruia, A. Bioactive micr
Journal of Inclusion Phenomena and Macrocyclic Chemistry 2010' 68, 155- 164




Researches on fatty acid / cyclodextrin complexes con
and were focused on:

(1) The obtaining and characterization of fatty a
establish of the protection capacity of com
acids, and i _._

atlo:‘r)f fatty
olecules i

ncapsulati roce

. ir:

(2) Evaluation the water content and types of
cyclodextrin complexes in order to evalua




Water evaluation of fatty acid / cyclodextrin comp

The most important results on the fatty acid / cyclodextrin compl es analysis wa

related to the Karl Fischer water titration. -.u N
Ml = -~
Fatty acid - Cyclodextrin nanoparticles
Titration volume/Sample size [ml/g] vs Time [g]
80
70 [Vimaco oY) =
VIm(bCD (ME)4) .
60 L VIm(LOL-aCD (ME) 5) 4
VIm(OL-bCD (ME)5) I
VIm(LOL-bCD (ME) 1)
50 VIm(LML-bCD (ME) 5)
40 F
30 L I
20 i, Vimi@c ME) 1)
"1:1\ Vim{pCD (WE ) 4)
10 ¢ V/m{LOL-aCD (ME)5) h
V/m{OLbCD (ME ) 5)
oL V/m{LOLbCD (ME) 1)
S, VIMILNLDCD (ME)5) -
-100 0 100 200 300 400 500 600 700 800 900 a4
Time (s)

Titration volume/sample size vs. Time foﬂ'f!?t-y acicﬂdextrin complexes ;lrh for a- (blue) and B-cyclodextrin (red)
- i
& 36
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cyclodextrin complexes is 4-7% lower than in the case of natural cyclo
the water reaction rate for “surface” and “strong-bonded” water mol
acid/cyclodextrin complexes was determined:
- surface water: 3.6-8.6 mM/s (depending on the unsaturation of thehtty aC|d for
complexes); only 3.2 mM/s for B-cyclodextrin;

- strong-bonded water: 0.6-1.4 mM/s; only 0.4 mM/s for B-c

No Code Description 12 (m /s) v,(mM/s)

1 LOL_aCD(ME) Linoleic acid/a-cyclodextrin complex
(classical KFT with methanol as solvent)

2 OL_bCD(ME) Oleic acid/B-cyclodextrin complex
(classical KFT with methanol as solvent

3 LOL_bCD(ME) Linoleic acid/B-cyclodextrin complex
(classical KFT with methanol as solI

4 LNL_bCD(ME) Linolenic acid/B-cyclodextrin comp‘;&
(classical KFT with methanol ailvent)

r #lzm 4 6. 1If+o 58 2.32+0
7 43+0.19 &y 0.79+0.19
7.2' 8+0 11 5, ,p91 1.44+1.25
[ |
v i

25+0.37 8.@'711 21 0.56+0.07

5 aCD(ME) a-Cyclodextrin (classical KET with methanol 10.6610.16
as solvent) .
6 bCD(ME) B-Cyclodextri%l (classical KFT with methanol " 14.59+0.19 3.23+£0.44

as solvent)

j-"‘ 37
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Conclusion on fatty acid / cyclodextrin complexe

(1) An important hydrophobic interaction between the
structures exists;

(2) Good thermal stability of free fatty acid/cyclqim

observed; :
.
] x# accu thadlthe
I n
LB
de>!rin com es ixw,
een host an -

(3) KFT water content values for these coﬂmﬂb
thermogravimetric analysis;

(4) The water content of unsaturated fatty aci

suggesting a better hydrophobic interacti
molecules. ﬁ




Chapter 6. ALKALOIDS / CYCLODEXTRIN COMP

Nicotine (IN)

H,O (w)
(OUT)
. |
Cyclodextrin
| B
I f Mr
Hadarugd, D. I.; Hadaruga, N. G.; Butnaru, G.; Tatu, C.; Gruia, A. Bi mic rticles (10): Thermal and oxﬂ‘tive stability of nicotine and its complex with B-cyclodextrin.

Journal of Inclusion Phenomena and Macrocyclic Chemistry 2010 8, 155-164 |

Hermenean, A.; Popescu, C.; Ardelean, A.; M., S.; Hadaruga, N. G. Mihali, C.
Cyclodextrin on Carbon Tetrachloride-In uced Acu'ﬂe Interna

e, M.; Dinisghifotu, A. Hepatoprotective Effects of Berberis vulgaris L. Extract/p-

'/Ma/ of Mo eculfé'nces 2012, 13, 9014-9034 39



cyclodextrin complexes.



7,

The nicotine / cyclodextrin complex is used in smoking cessation formulas and the s
of this compound is very important. T b
ARl 7

Nicotine / cyclodextrin complexes

Abundance
1400000
1300000
1200000
1100000
1000000

900000
800000
700000
600000
S00000
400000
300000
200000
100000

Tirmpa=z

1597 17.52

nicotine
myasmine

tyrine

Isanicoteline

= nico
—
w
=j
L
M eatinine

N e
4.00 600 500 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

i r 1“5.';

Chromatogramli'Fthhe ﬁmalysis of the raw fiigotine sample
j I

¢ S e “



Nicotine conduct to cotinine by oxidative degradation, while the complexa ﬂ
reduces this degradation.

Main alkaloid content (2

Nicotine Myosmine Nicotyrin Isonicoteli
=
e ne ,
KI 1363 1437 1489
No Code
1 N* 96.0 3.1
2 N-O-t1 95.9 2.8
3 N-O-t2 94.3 3.3
4 N-O-t3 93.7 370
5 N-O-t4 95.7 2.3
6 N-O-t5 94.7 3.3
7 N-O-t6 92.6 4.7
8 NbCD™ 98.5 0.
9 NbCD-0O-t4 98.4 0
10  NbCD-O-t5 98.8 0.09
11  NbCD-O-t6 98.0 0.05

0-t1,2,3) and for 6 hours (N-O-t4,5,6), and for the correspondi tine/B-cycla@dextrin microparticles, non-degraded and degraded in the

nditions fo NbCD bCD-0-1t4,5,6)
' ﬁ ' ] 4 42

l []
Relative concentrations for the main alkaloids from cqﬂﬁ;rual .tlne (N), nicotine sampllbs thermally (30, 60, 90°C) degraded for 2 hours (N-



... The nicotine/cyclodextrin complexes were analyzed by Karl Fischer
content.

d for h?em';a
.l- o

Good results on the complexation process were obtained in the case'of 3 *
nicotine:cyclodextrin ratio of 2:1 and a moderate temperature Ijius degree).

No Code TG mass loss TG mass loss Water (%)
(<150°C) (%) (150-250°C) (%) ﬂ)y FT)

1 NbCDE_r1 10.5 1.3 ﬂi 0.7 (n=3)
2  NDbCDE_r2 9.3 2.0 11.4+0.1 (n=3)
3 NbCDE_r3 8.3 1.6 . i -

4  NbCDE._t1 10.5 F 1.8% 12.040.2 (n =3
5 NbCDE_t2 13.3 1.5 . 7 13.6(n=2)

6  NbCDM_r1 12.4 0.7 0.4 1288+ 0.4 (n = 3)
7 NbCDP_rl 9.8 2.2 A1 1 -

8 bCD 13.0 - -

13.9 + 0.4 (n = 5)

|
f
Thermogravimetric analysis and classical Karl Fischer water titration(KFT) he i )/B-cyclodextrin (bCD) complexes obtained in
ethanol-water system at different N:bCD ratios (1:1, 2:1, and 3:1, *O°C, codes r1,2,3), at various te atures (50°C, 30°C, and
h

70°C, codes NbCDE_r1, and NbCDE_t1,2, respectively), and in methanol- or propanol-water systems at 50°C a :bCD rati :1 (codes
NbCDM _r1 and NbCDP_r1, respectively)

45



Conclusion on alkaloid / cyclodextrin complexes

.|I

j:i.

v/
tsipato tective effects

rESjI’.ltedL 1

=
¢

(1) B-Cyclodextrin can act as a protecting host-molecule
formulations used in smoking cessation, nicotine b
complex;

containing
in the

(2) The maximum concentration of the main al
bark and also in root, and :
i L
(3) The Berberis vulgaris extract/B-cyclodextrin
probably due to its increased bioavailabilit

i ] _.-'
.-'Ir-l- -. II .IH
¢ o ”~ 46
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Chapter 7. MOLECULAR MODELING OF
BIOACTIVE COMPOUNDS / CYCLODEXTRIN COMPLEXES

g/

yste I; theoretical approach. Chemistry Central Journal 2012, 6, 129, doi:

|
|}
Rivis, A.; Hadaruga, N. G.; Garban, Z.; Hadaruga, D. I. Titanocenf-‘ltyflo.:extri
10.1186/1752-153X-6-129
d

Hepatopr
6, 1605-

-
ﬂolecular s
vﬂl‘bn

oid biocon;

. .

Pinzaru, I. A.; Hadaruga, D. |.; Hadaruga, N. G.; Corp
correlation. Digest Journal of Nanomaterials and Bi

B-cyclodextrin nanoparticles: DSC — molecular modeling

47
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Researches on molecular modeling of cyclodextrin com h.biologically

n .1

experiments in cyclodextrins;

(2) Quantitative structure — activity relationshi

Jtltan ned rivatives
compleXes;




v

neclass

Quantitative structure-activity relationships (QSARs) in tita

"
| g
The aqueous solubility of metallocenes (titanocenes) with cytotoxi'Egptivity can.be

enhanced by molecular encapsulation in cyclodextrins. The hydrolytie instability of t
compounds can also be reduced. ]

Rl

i
Titanocanrﬁructﬁ with cytotoxic activitie
; #
i
C S BT




The importance of titanocene structure to cytotoxic activity
is due to the steric, electronic, and hydrophobic descriptors.

Some of the structural descriptors are intercorrelated:
* molecular surface (S)

* molecular volume (V)

* hydration energy (E, 4,)

* logarithm of the octanol/water partition coefficient (logP)
* refractivity (Rf)

* polarizability (Pol)

imposed mi

um energy
cene structures

Svaw praw Ejny . Pol
Svdw 1 |
1.00 0.91 0.54 049
dW
& 1.00 0.52 %o
Eyar 1.00, 038

logP i.'

f I|-r" # J .I'I
i
| tional m" q.ﬂ!anocer!t_rdral descriptors
a -

-0.80

0.77 i'r'l.
' "
Rf : 1.00 ilm-
[ 2 [
Pol . g

1.00
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The following equations were obtained, all with cross-validation co

i i ined, all wi -validati effi qzcv)ﬂ.-
greater than 0.75:

pA,. =3.40(x£0.17)+0.69(+ 17) o

“Hela” cell line n=11;r= 08

pA,; =3.54(£0.23)+6 &9(3{6’. )--‘iogPl. "

“K562” cell line n=8;r=

(

pA,, =3.63(x0. 12)40 39(+ 0. 16i 1qgi
0.8

“Fem-x" cell line n=7;r= O74F 5.9; g%, =

‘N J

C S =T



Docking of titanocenes in cyclodextrins

Docking of titanocenes in cyclodextrins conduct to stable complex_gs, with good
correlation coefficients (r ~ 0.6-0.7) between the interaction energy(E )_z_md TogP
titanocene structure.

int

Ep pepi =16.24(21.64)+ 4.459(+ 1.687): 10!75ng
-. i‘

n=11:r=0.7;: F=7.0

P %

. .
Titanocene / B-cy rin supramglecular system
ﬂally mod Y MM+ do Friments)
i
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Epe wops =21 46(+1 99 ﬂzﬂ.ﬁfz 047) ‘§g s

n=11;r=0.6; F=4.1

T|ta y-cyc extrm supramolecular stem
(theo |caIIy mo y MM+ dock'éexperlments)
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Flavonoid-fatty acid bioconjugate / cyclodextrin complexes

In the second part, six fatty acid-flavonoid bioconjugates were enzymatically synthe
and complexed with B-cyclodextrin: . W
- Rutin esters (with decanoic, palmitic, and oleic acids)
- Silybin esters (with stearic, oleic, and linoleic acids)

OH .
.OH
M
R
o R 1
HO_ 8O . O
OH

- i
Rutin: R=H Silybin: R=H
Decanoyl derivative: R = -(CH,)4-CH,4 Stearoyl derivative: R = -(CH,),s-CH,
Palitoyl derivative: R = -(CH,),,-CHj, Oleoyl derivative: R = -(CH,),-CH=CH-(CH,),-CHj,

Oleoyl derivative: R = -(CH,),-CH=CH-(CH,),-CH, Linoleoyl derivative: R = -(CH,),-CH=CH-CH,-CH=CH-(CH,),-CH,
i v I
Biocompounds structures, rutin and derivatives (a), and. silybin and derivatives (b), used for complexation with B-cyclodextrin L 4

¢ S e _j""
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The experimental DSC parameters (water dissociation peak temperat
correlated with the theoretically determined interaction energy, wit

DSC /[mWimg)
1 exo

dg(trin

njugate / B-c
i retical

50 100 150 200 250 300 350 400 450
Temperature /°C

Comparative DSC analysis of rutin-oleic acid
bioconjugate / B-cyclodextrin nanoparticles (1)
and the starting B-cyclodextrin (2)



DSC {mW/mg)
e analysis of
in- O|€IC'¥Id
iaconjugate /

iodextrln
naparticles

-0.4

-0.6

-0.8

-1.0

-1.2

-1.4

-1.6

-1.8

-2.0

30.0 40.0 50.0 60.0 70.0 80.0 100.0 110.0
Temperature /°C

EmtbCDz_1143+444)m +O i]f‘hmﬂ]z

n=6;r=0.847; F = 16-;,

G
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(1)

(2)

Conclusion on molecular modeling of bioactive compo
cyclodextrin complexes

rgphobicity of
titanocenes
apacityis "

= i
i HI' f
/ PcyclodéXtrin complexes
majning wat frome
diséociatr; pends*on the
[ | }ﬂ

Cytotoxic activity of titanocenes increases with the
compounds. On the other hand, increasing the hyd
conducts to lower water solubility and reducing th
aqueous layers; this can be resolved by mole
cyclodextrins, which was theoretically dem
interaction;

Formation of the fatty acid-flavonoid bioconj
can be revealed by an indirect evaluation
complex hydrate; the DSC characteristics o
theoretical interaction energy.
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DIRECTION

Chapter 8. FUTURE TRENDS IN ACADEMIC AND PROFESSIO

..- r
8.1. Future academic development, scientific and professional caréer evol_ptioh an
development, research and teaching directions -i

Researches, lectures, and practical courses development in:

M!acv;

|
(2) protection and controlled release systems,.Fslo‘e i cyplofxt?i d Iipli]'somes;
(3) combined systems containing both biologically ac mpounds 'I:nat ices with
protection and controlled release properties; |‘ i i
(4) theoretical modeling of nanoencapsulation lled'release p cesge‘ﬂi)r

bioactive compound / cyclodextrin or IiposoTsu ecular systems; J'

o
rr n
(5) formulations of new food / pharmaceutical products with high social, e‘onomi-c\-
" |

human health impact. I ;
. y
P

|
(1) natural bioactive compounds with applications in F
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In order to ensure the fulfillment of these steps the following fu
performed:

- applying the research results in the teaching programme,

the Master and
PhD levels; P

universities and

- enhancing the collaboration with professors and
research centres, as well as from Romania anq ot
the same or related research andteaching fields,

- applying project proposals in both research and
international level;

d
- enhancing the collaboration with the econ ;av
international) in both research and applicatiVe directions:



8.2. Short description of the research field (related to fatty acids)

/ c / HO
PAH O cl
Polycyclic Aromatic
Hydrocarbons /J
(carcinogenic)
Cl Dioxins
Cl (by products from

Brochyclene pesticide production)
(pesticide) (very toxic)

HOOC — — — — —
EPA (all-(Z)-eicosa-5,8,11,14,17-pentaenoic acid)
(Omega-3 Fatty acid / or corresponding glycerides)

HOOC _ _ _ _ — —

DHA (all-(Z) docosa-4,7,10,13,16,19-hexaenoic acid)

(Omega -3 Fatty acid / or corresponding glycerldes)

HO
Nm
heavy metal heavy metal OH O
pollutant pollutant Natural antioxidant
OUT ou'r i
T
: (NON-COMPLEXED)
o Clj@()mcl
OBTAINING OF “TERNARY” SYSTEMS: (1) g o

Example: (1) Omega-3 fatty acids (glycerides
from fish oil, e.g. EPA and DHA) and (2) natural
antioxidants (such as flavonoids, tocopherols)
are better encapsulated in (3) cyclodextrins due
to the thin hydrophobic chain in the first case
and hydrogen-bonding (coupled with
hydrophobic interaction) in the second case,
while almost all impurities contained by fish oils
from the polluted environment (such as’
carcinogenic polycyclic aromatic hydrocarb
PAHs, pesticides and pesticide by products; as

well as toxic heavy metal ions) are - i
encapsulated i h &

heavy metal
pollutant

i
i 2

Omega-3 Fatty acid & Natural antioxidant / Cyclodextrin
supramolecular system




8.3. Objectives of the research and teaching directions

The main objectives of the research and teaching directions are:

r
oy

(1) Evaluation of omega-3 enriched fish oil profile and the oxidati Eﬁ'hermal i

degradation products;

(2) Evaluation of toxic/carcinogenic impurities from fish oil a-3 fatty aci_q
concentrates/supplements (PAHs, organohalogenateﬁ_ , heavy met's);

r
I a antsgand cyclodextrins,

nca‘ps#'atio bioacl.liive

prige of omega-3 fam

(3) Molecular modeling of omega-3 fatty acids, na
and docking experiments for evaluation of m-ple.gu
compounds; 1

(4) Obtaining and analysis of new food formulatio

acids/fish oil and natural antioxidants / cyclodextri rnary” supr Iec*llar

systems; .." 3 =
¢ N

(5) Comparatively evaluation of new omegﬁ—.&» fatty acids formulations wtﬂas '

omega-3 enriched products (food supplements, infant formulas, diary and bakery

products);

g . 3
(6) Proposing new formulations for o:r‘,a fattyjd enriched food products and
-

supplements. | ﬂ -..-I'- 63






