Wydawnictwo UR 2023
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2023.3.1

http://www.ejcem.ur.edu.pl

European Journal of Clinical and Experimental Medicine

Eur J Clin Exp Med 2023; 21 (3): 442-449

ORIGINAL PAPER

Synthesis and characterization of Fulvestrant and Paclitaxel
conjugates with polyamidoamine dendrimer fourth generation

Konrad Wrébel @, Stanistaw Wotowiec

Institute of Medical Sciences, Medical College, Rzeszow University, Rzeszéw, Poland

ABSTRACT

Introduction and aim. Poorly soluble anticancer drugs can be attached covalently into biologically inert macromolecule in or-
der to administrate a drug as water soluble form. It was proven that covalent linkers, for instance amide or carbamate bonds are
susceptible to hydrolysis. Thus the attached drug can be released from the conjugates in tissue, specifically within the targeted
cell. We aimed at construction of water soluble conjugates of Fulvestrant and Paclitaxel with PAMAM G4 dendrimer. In order to
obtain water soluble conjugates the amine groups were substituted with R-glycidol.

Material and methods. Polyamidoamine dendrimer of fourth generation was synthesized and examined by detailed NMR
analysis in water and in DMSO. The conjugates were covalently linked to amine groups of PAMAM after activation of Fulvestrant
17-OH group with 4-nitrophenylchloroformate and activation of end-carboxyl group of Paclitaxel succinate.

Results. The method of binary conjugate PAMAMG4-Fulvestrant-Paclitaxel synthesis was elaborated and the product was char-
acterized by physicochemical methods.

Conclusion. The glycidylated PAMAMG4-Fulvestrant-Paclitaxel conjugate is better soluble in water than unconverted drugs.

Keywords. PAMAM dendrimer, double-conjugation, Fulvestrant, Paclitaxel, anticancer drug delivery system

Introduction

It is estimated that nearly 2 million of US inhabitants
will be diagnosed with cancer in 2022 and more than
600 000 deaths (due to cancer) will be reported. In
comparison WHO data from 2020 shows that cancers
mortality reached 10 million (nearly one in six of all re-
ported deaths globally was due to cancer). After heart
disease cancer is second leading cause of death in US.
Since early 1960s the 5-year relative survival rate (all
cancers combined) has increased from 39% to 68%
among White population and 27% to 63% among Black
population of Americans as a result of improvements
in treatment and diagnostic approaches. Main conven-
tional methods of treating cancer could be distinguish
as chemotherapy, radiotherapy and surgical treatment.
In recent years some novel strategies such as targeted

drug therapy, stem cells therapy, gene therapy or therapy
based on systems for drug delivery have been developed
for further improvement of survival rate and to over-
come some limitations of using ,traditional” methods.'*

PAMAM dendrimers are one of extensively tested
drug delivery systems for improving outcomes of che-
motherapy by increasing water solubility, absorption and
cellular uptake of drugs applied in cancer systemic treat-
ment. These spherical, highly branched molecules build
up with repeatedly added ethylenediamine and methyl
acrylate to diamine core are suitable for functionalization
with anticancer drugs because of having superficial func-
tions such as amine or hydroxyl groups which may be uti-
lized to covalently bond dendrimer with other molecules
(via direct bonding or cleavable linkers). It was shown
that PAMAM G4 functionalization with Paclitaxel (P)
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and omega-3 fatty acids enhance anticancer activity of P
against human esophageal cancer in vitro model. More-
over it was recently proved that Fulvestrant and Lapatinib
conjugated with partially glucoheptoamidated PAMAM
G3 gain ability to promote apoptosis in senescent breast
cancer cell lines of different receptor status.*®

Paclitaxel, as one of the taxanes, is commonly used
in treatment of cancer. P is approved by FDA to treat
breast, ovarian, lung cancers and also Kaposi’s sarco-
ma. Moreover, it could be used in systemic therapy (as
oft-label treatment) of gastroesophageal, endometri-
al, cervical, prostate, head and neck cancers, as well as
sarcoma, lymphoma, and leukemia. It was commonly
believed that predominant mechanism of P anticancer
effect emerges from its ability to disruption in microtu-
bule stabilization/destabilization process (inducing po-
lymerization and stabilization of microtubules) resulting
in mitotic arrest. However, such conception changes in
recent years due to extensive investigations of P on bi-
ological models. It was shown that P concentrations in
primary breast tumors are below level required to elic-
it sustained mitotic arrest. Alternative hypothesis sug-
gests that P efficacy may be explained by its ability to
cause cell death in interphase instead of affecting mito-
sis (due to interference with cell signaling, trafficking,
and microtubule-mediated transport). It was proved (in
primary human breast cancers models) that P effica-
cy could be effectively explained by its ability to cause
chromosome missegregation on abnormal mitotic spin-
dles. In addition it is suggested that P cytotoxicity could
be result of some other factors for example its ability to
hyperphosphorylation of Bcl-2, induction of calcium
ions release by mitochondria or modulatory effect on
miRNA expression profiles. P bioavailability is signifi-
cantly limited by poor water solubility of this drug and
first-pass metabolism. To improve P pharmacokinetic
Nab-paclitaxel, a P complex with albumin was approved
by FDA to treat metastatic breast cancer in 2005.° "

One of drugs commonly used in hormonal treatment
of hormone sensitive breast cancers is Fulvestrant. Due to
high affinity to estrogen receptor (ER) and lack of intrin-
sic activity Fulvestrant acts as competitive antagonist. In
addition Fulvestrant accelerate ER protein degradation
and therefore it is defined as selective estrogen receptor
degrader (SERD). Instead of proven high efficacy in sys-
temic therapy of patients with hormone receptor-positive
locally advanced or metastatic breast cancer (who have not
received hormonal treatment before) application of Ful-
vestrant has some significant limitations. The main limita-
tion is poor water solubility of Fulvestrant which leads to
necessity of intramuscular application and such route of
administration limits volume and dose of drug.'>*

Combination therapy is intensively tested approach
for increase efficacy of anticancer treatment by synergistic
or additive effect of drug combination. Application of two

or more drugs (combined) of different mechanisms of ac-
tion and toxicity profiles may lead to overcome drug resis-
tance of cancer cells, enhancement of anticancer effect and
also decrease systemic toxicity of such therapy (for exam-
ple by reduced doses of each applied drug). Combination
of Lapatinib and Capecitabine was proved to be signifi-
cantly more effective than Capecitabine alone in women
with advanced HER2- positive breast cancer (treated be-
fore with anthracycline, taxane and even Trastuzumab). In
mentioned study elongation of median time to progression
from 4.4 months for Capecitabine alone to 8.4 months for
combination with Lapatinib was reported.’**

The aim of our study was to conjugate polyamido-
amine dendrimer of fourth generation (PAMAM G4)
with P by succinate linker and Fulvestrant through car-
bonyl linker and to characterize conjugates using 1-D
and 2-D NMR spectroscopy ('H,"C, COSY, HSQC,
HMBC). Generally the PAMAM and other type den-
drimers are currently extensively studied as macromo-
lecular carriers of drugs due to their radial geometry,
strictly defined molecular weight and molecular size in
contrary to other polymers, which are polydispersed
macromolecules. We have elaborated an effective pro-
tocol to obtain the conjugate, which are very well wa-
ter-soluble due to substitution of PAMAM amine
groups with 2,3-dihydroxyproyl substituents by reaction
with R-glycidol. The degree of PAMAM G4 substitution
with drugs was low enough to maintain the solubility of
the conjugates from one side and to obtain high drug
load of macromolecular carrier. Additionally we have
applied PAMAM G4 as the carrier instead of previous-
ly used PAMAM G3 as core for conjugates of Lapatinib,
Fulvestrant, Simvastatin, Celecoxib, or Nimesulide.®?"??

Aim

Paclitaxel and Fulvestrant are commonly used antican-
cer drugs. They are the compounds which are highly hy-
drophobic and therefore sparingly soluble in water. We
aimed at synthesis of potential drug delivery system by
conjugating both drugs with high molecular weight poly-
amidoamine dendrimer of fourth generation (G4) in or-
der to increase the solubility of the drugs. Especially we
aimed at the conjugate with both drugs attached to one
macromolecule as combination therapy approach (bina-
ry conjugate). In order to reach the goal we have applied
known methods of activation and linking the drugs into
the G4 carrier, and characterized the final product and
all compounds used to construct binary conjugate by nu-
clear magnetic resonance spectroscopy and determined
the size of conjugates by dynamic light scattering method.

Material and methods

Materials

PAMAM G4 dendrimer was synthesized according to
the general procedure described by Tomalia et al.”* The
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chemicals used for synthesis: Paclitaxel, Fulvestrant, di-
methyaminepyridine (DMAP), 1-methyl-2-chloropyri-
dine iodide (Mukaiyama reagent), succinic anhydride,
p-nitrophenyl-chloroformate (NPCF), bulk solvents
and triethylamine were purchased from Merck (KGaA,
Darmstadt, Germany).

Syntheses

Paclitaxel succinate (P-suc)

Paclitaxel was converted into 2-O-succinyl derivative
according to the published method.* In specific 75 mg
P (87.7 pmoles) was dissolved in 5 ml CDCl;and 250 pl
pyridine. Succinic anhydride (10.0 mg; 100 umoles) was
added and the mixture refluxed for 8 hours. Then sol-
vents were removed under vacuum and the solid residue
dissolved in 2 ml DMSO.

P-suc conjugation to PAMAM G4 and glycidylation

244 mg G4 (17.5 pumol) was dissolved in 3 ml DMSO.
Meantime P-suc (87.7 umoles) was activated by addition
of 42 mg DMAP (337 pmoles) and 43 mg of N-meth-
yl-2-chloropyridinium iodide (168 pmoles) for 1 hr at
room temperature. Activated P-suc was added dropwise
into G4 solution in methanol and stored at 50 °C for 6
hours. Afterwards, the mixture was transferred to dia-
Iytic bag (cellulose MW, = 3.5 kDa) and dialyzed for
three days against water. The isolated yield was 217.1
mg. The stoichiometry of the conjugate was estimated
based on the '"H NMR spectroscopy. It was found that 5
P-suc was attached per one equivalent of G4. According
to the molecular formula of this conjugate: G4, 18.9
kDa, 11.5 pmoles of the conjugate was obtained; 65.7 %
per dendrimer. Hydrodynamic diameter of nanoparti-
cle by DLS: numbered-averaged d(N) = 99.20 (+ 7.28)
nm. Polydispersity index (PDI) = 0.134 (0.016). Poten-
tial zeta (§) = 13.57 (= 0.43) mV. In repeated synthesis
(starting with 60 umoles of P and 15 pmoles (209 mg)
G4) aimed at lower substitution the G4* was obtained
and further remaining amine groups were converted by
addition of R-glycidol (200 pL; 223 mg; 3 mmoles). The
mixture was stored at ambient temperature for 12 hours
and the solid product was identified as G4*''%! by NMR
spectroscopy. Theoretical molecular weight — 30.0 kDa.
The isolated yield was 279.2 mg (9.32 umoles); 81 %.

Fulvestrant conjugation to PAMAM G4

Fulvestrant (F) was substituted with p-nitrophenyl-
chloroformate (NPCF) as described before.® In spe-
cific, 121.4 mg F (200 pmoles) was dissolved in 2 ml
CHCI, and 50 uL pyridine. NPCF (220 umole, 44.3 mg)
was added stepwise and the mixture was refluxed for 2
hours. The solvents were removed in vacuo and the sol-
id residue was dissolved in 1 ml DMSO. This solution
was added into 185 mg G4 (13 umoles) in 2 ml DMSO.
The mixture was stored at 45°C for 12 hours followed by

isolation of the product by dialyzis. The product subject-
ed to glycidylation by addition of 100 pL R-glycidol and
reacted 12 hours in methanol at ambient temperature.
The product was worked up by dialysis, dried and iden-
tified by the "H NMR as PAMAM G4 bearing average
15 equivalents of succinate linked F and 66 equivalents
of glycidol (gl); G4'°F¢8. Theoretical molecular weight -
24.5 kDa. Yield: 279.2 mg (11.4 pmoles); 87.6 %. Hydro-
dynamic diameter of nanoparticle by DLS d(N) = 138.23
(x 6.24) nm. (PDI) = 0.155 (0.022). Potential § = 38.02
(£ 0.54) mV.

Double conjugate G4- Paclitaxel - Fulvestrant
Fulvestrant (17.6 mg, 29 pmoles) was activated with
7.1 mg NPCF (35 pmoles) as before and added into
35.9 mg of G4°F (1.9 umol) obtained before. The mix-
ture was stored at 45 °C for 12 hours followed by isola-
tion of the product by dialysis. The product was further
converted by glycidylation with R-glycidol (100 uL) for
12 hours in methanol at ambient temperature. Solvents
were removed and the solid residue was worked-up by
dialysis. The solid conjugate was identified by the 'H
NMR spectroscopy as the binary conjugate containing
5 equivalents of succinate linked Paclitaxel, 10 equiva-
lents of carbamide linked Fulvestrant and 98 equivalents
of 2,3-dihyroxypropyl residues attached to terminal ni-
trogen of the remaining PAMAM G4 primary nitro-
gen, G4°"19%%! Theoretical molecular weight -35.0 kDa.
Yield: 42.8 mg (1.22 umole); 64 % per dendrimer. Hy-
drodynamic diameter of nanoparticle by DLS d(N) =
113.41 (£ 5.48) nm. (PDI) = 0.122 (0.015). Potential § =
29.29 (= 0.72) mV.

Methods

NMR Spectroscopy

The 1-D 'H and C NMR spectra as well as 2-D 'H-'H
correlations spectroscopy (COSY), 'H-*C heteronuclear
single quantum correlation (HSQC), and heteronu-
clear multiple bond correlation spectra (HMBC) were
recorded in deuterated water using Bruker 300 MHz
(Rheinstetten, Germany) and worked up with TopSpin
3,5 software at College of Natural Sciences, University
of Rzeszow.

Dynamic light scattering

Hydrodynamic diameter and zeta potential were mea-
sured in aqueous solution using a Zetasizer nano ZS in-
strument for 1 mM conjugate concentration.

Results

The 'H and C NMR spectra of PAMAM G4 dendrimer
The PAMAM G4 dendrimer has an effective radial sym-
metry. The 'H NMR spectrum consists only of 6 meth-
ylene group resonances (broad triplets), the overlapped
a,a,2,a; a,, overlapped byb,b,b,,b, (both of 248 [H] in-
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tegral intensity) overlapped c,c,c,c;, and overlapped
d,d,d,d,, (120 [H] intensity each), all from inner sphere
shells and the separated triplets of c,and d, (both of 128
[H] integral intensity) from outer sphere fragment of
terminal ethylenediamine group (for atom numbering
see Fig. 1). G4 is well soluble in water, methanol and di-
methylsulfoxide. We have taken the '"H NMR spectra of
G4 in D,0 and in DMSO-d; in order to characterize the
G4 as later we will use it as macromolecular carrier to
bind various substituents into terminal primary amine
groups. The detailed peak assignment of '"H and "*C res-
onances was performed based upon 2-D 'H-'H COSY
spectra as well as heteronuclear HSQC and HMBC
measurements. The combined HSQC/HMBC for G4 in
D,0 and in DMSO-d, are presented at Fig. 2 and Fig. 3,
respectively.

) c
L% 6 % 4 H 2

o H o H o
a, 6o ¥ ob, 1 4 @ c, b | d, a, c
N N N N A NH,
R e e S e
Fig. 1. Schematic representation of one arm of G4
PAMAM dendrimer with atom numbering. The winding
lines represent branching at nitrogen atoms. involved in

branching

The characteristic feature of the 'H spectra presented as
upper trace in 2-D maps at Fig.2 and 3 is the sharp trip-
let structure of outer sphere resonances of methylene d,
(depicted as d*) and ¢, (c*) protons. These resonances
are of special importance due to their proximity to ter-
minal amine groups. The 'H NMR spectrum taken in
D,O shows especially sharp triplets of d* and c* (both
128 [H] intensity) if compare with those at spectrum
taken in DMSO (Fig.3). Thus further conversion of syn-
thesized G4 by covalent attachment of substituents into
terminal primary amine groups can be easily detected
by changes of chemical shifts for ¢, and d, (¢* and d* at
Fig.2 and 3) promised the convenient experimental ev-
idence to follow the structural changes of PAMAM car-
rier upon chemical changes. The full description of the
'H and "C NMR is given in Table 1.

Table 1. The 'H and 3C NMR chemical shifts of PAMAM G4
dendrimer in D,O and DMSO-d,
Solvent: D,0
locant © a b 4 d
shell 5C H 5C H BC H BC H
0-3 491 275 329 236 36.9 323 514 2.56
4 491 275 329 236 41.8 317 399 2.65
Solvent: DMSO-d,
0-3 49.7 264 333 219 36.9 3.08 522 242
4 49.7 264 333 219 421 303 41 2.54

G4 conjugates with Paclitaxel and Fulvestrant
In our previous study we have applied the NMR spec-
troscopy to characterize the low molecular weight

1 (ppm)

P n m 170

C(carbonyl)

50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12
2 (ppm)

Fig. 2. Combined HSQC/HMBC map of PAMAM G4 in D,0O.The
H and C resonances of c,and d, are described respectively
as ¢* and d*, whereas c represents overlapped resonances of
C,C,C,C5, analogously overlapped resonances of d,d,d,d, are
presented as d. There are no significant differences in chemical
shifts for 'H and *C resonances of a, a,, a,, a;, and a,and by,
b,, b,, b;, and b, (both protons and carbons) therefore the
resonances are labeled simply as a and b. The relevant HSQC
coupling peaks (through one bond) are shown in grey scale as
follows: e — HP-Cb; f — H-C4; f* - Hd*-C9%; g — H2-C3; h* - H*-C*;

h — He-C<. The significant HMBC coupling peaks (long-range
coupling) are represented in red/yellow scale as follows: i — H-
C3 k = HH*-C¥,; j — H*-C4*; m — HP-C(O); n — H-C(O); p — H*-C(O)

" b
H ' ! |
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Fig. 3. Combined HSQC/HMBC map of PAMAM G4 in

DMSO. The H and *C resonances of ¢,and d, are described
respectively as c* and d*, whereas c represents overlapped
resonances of ¢,,c,,c, and ¢;, analogously overlapped
resonances of d,,d,,d, and d; are represented as d. There are
no significant differences in chemical shifts for 'H and "*C
resonances of a,,a,,a,,a;,a,and by,b,,b,b; b, (both protons
and carbons) therefore the resonances are labeled simply as
a and b. The relevant HSQC coupling peaks are shown in grey
scale as follows; e — H>-CY; f — HA-C; f* - HI*-C9%; g — H>-C?; h*

- H*-C*; h — H-C<, The significant HMBC coupling peaks are
represented in red/yellow scale as follows: i — H>-C? k — H*-C¥;
j = H*-C%*; m = HP-C(O); n — H-C(O); p — H*-C(O)
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PAMAM G3 conjugates with covalently attached bio-
tin.? Later we used PAMAM G3 macromolecular carrier
to construct the drug delivery system (DDS) for antican-
cer drugs: Lapatinib (L) and Fulvestrant (F) and tested
those conjugates against three breast cancer cell lines
in vitro.” We have found that G3-L-F binary conjugate
promoted apoptosis in chemotherapy-induced senes-
cent breast cancer cells with different receptor status.?
Here we have stepped further to increase the payload
of PAMAM carrier by applying generation 4 dendrim-
er (G4). In previous G3-L-F conjugate the amine groups
of the carrier were blocked by substitution with glu-
coheptonoamidate residues in order to maximize the
conjugate solubility in water. According to our further
discovery, that PAMAM dendrimer glycidylated with
R-glycidol, in contrary to S-isomer, enantioselective-
ly penetrated cell membranes of both normal and can-
cer lines with high efficiency,? we applied this DDS to
construct the binary conjugate with celecoxib and sim-
vastatine and observed their increased additive cyto-
toxicity for cancer cell lines.” Considering mentioned
experience we applied G4 dendrimer as carrier for Pacli-
taxel, and for Paclitaxel and Fulvestrant anticancer drugs
and converted them into R-glycidylated derivatives. We
elaborated synthetic path for both and characterized the
derivatives by NMR spectroscopy and estimated the size
and potential zeta of nano-DDS by DLS method to ful-
ly characterize the obtained conjugates. The general for-
mula of studied conjugates are presented at Fig.4.

Fig. 4. The general formula of obtained conjugates with
atom numbering: G4%* (a=0,b =5, c,d = 0); G4*""%! 3 =
0;b=4;c=50;d=10;G4"9a=15b=0;c=17;d=32;
G418l (a = 10; b = 5; ¢ = 49;d = 0)

Paclitaxel - G4 conjugate

In order to attach covalently Paclitaxel (P) to amine
groups of G4 an additional functionalization was need-
ed. It was already demonstrated that succinic and glutar-
ic anhydrides attached to 2’ oxygen of P are convenient
linkers.?”* We have obtained 2’-0-succinated derivatives
and used that to attach obtained P-suc using Mukaiya-
ma reagent to activate pending carboxyl group of succi-
nate linker. We have obtained the conjugate containing 4
molecules of amide attached P-suc, G4°*. The compound
was well soluble in DMSO and slightly less soluble in

water (ca 0.1 mM aqueous solution could be obtained).
The conjugate was characterized by 1-D and 2-D 'H and
3C NMR spectroscopy. COSY spectrum of G4°* is pre-
sented at Fig. 5. Observed scalar coupling cross-peaks
a, b, and ¢ between methylene protons of PAMAM G4
core were analogous to those found for G4 alone. The
cross-peaks d - j enabled to assign the 'H resonances
of P residue, even though some of them are hidden un-
der the broad residual peak of HDO. In order to further
characterize the conjugate the heteronuclear 2-D 'H-"*C
HSQC and HMBC spectra were recorded and present-
ed as combined map at Fig.6. One-bond coupling cross-
peaks are in grey; all the G4 core were well visible and
additionally some peaks of P were found. Although full
C resonances were not assigned to P residues, the long-
range couplings (in yellow-red color) enabled to con-
firm the assignments of all 'H resonances of P in G4
conjugate. The conjugate G4 was a semi-product to
further attachment of another drug, namely Fulvestrant.

PAMAMGS|

u f‘

woaop [| |
J

JUY U

f1 (ppm)

5 4
f2 (ppm)

Fig. 5. The 'H-"H- COSY spectrum of G4*” conjugate in
DMSO-d,. The relevant cross-peaks are: a - H*(G4) / H(G4); b
- HY(G4) / HY(G4); c ~H¥*(G4) / HY(G4); d - 14HP/ 13HP; e - 3HP
/5HP; f-3HP/2HP; g - 20aHP and 20B3HP/5HP ; h — 7HP / 6HP ;
j—3'HP / NHP. The resonances from P are labeled with upper
P, the resonances from PAMAM G4 core are designated in
bracket as (G4). For atom numbering see Fig. 4

Glycidylated Fulvestrant — G4 conjugate

We aimed at construction of double-drug conjugate,
with P and F (Fulvestrant). Previously we have elabo-
rated the method of covalent attachment of F to G3.8
We applied the same pathway, namely substitution of
F with NPCF followed by reaction of functionalized F
with G4. The highly substituted G4 with 15 equivalents
of F was obtained and converted by reaction with R-gly-
cidol to obtain finally G4'*"%!, The 'H NMR spectrum of
G458 js presented at Fig.7A. The number of F residues
and 2,3-dihydroxopropyl residues (gl, from R-glycidol)
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was defined by integration of the aromatic resonances of
F (for the formula and atom numbering see Fig.4) and
3’- and 2’-gl resonances related to internal PAMAM G4
b resonance at 2.3 ppm, corresponding to [248H].

s

UL
i

|

")

1 (ppm)

N

E H -200
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
2 (om)

Fig. 6. Combined HSQC/HMBC map of PAMAM G4 in
DMSO-d, The relevant one bond coupling peaks are
shown in grey scale as follows: e ~-H?(G4) / C°(G4); f — HY(G4)
/ C4(G4); f*- H™*(G4) / C**(G4); g -H(G4) / C*(G4); h -H(G4)
/ C{(G4); h* - H*(G4) / C*(G4); r — 16CH,? / 16°PC and 17°CH,
/17CP; s — 19CH,P / 19CP; u — 18HP/ 18CP; w — 10H™-OACH /
107-OAcC and 4HP-OAcH / 4CP-OAcC. The significant HMBC
coupling peaks are represented in red/yellow scale as
follows: s - 16CH;? or 17CH,?/ 11CP; q - 18CH,P/ 11CP and
12CP, g'- 10HP / 11CP and 12°C, w* - 10HP (OAcH) / C(O)
Pand 4HP(OAcH) / C(O)P; x - 19CH,P / 9PC; y — 10HP / C(O)

P; z - a group of HMBC/HSQC aromatic cross-peaks of P
residues are represented. Residual HDO is labeled with
asterisk in upper trace of the map

Glycidylated Paclitaxel - G4 conjugate

The G4*F was obtained in separate synthesis as previous-
ly described G4°° and further derivatized with R-glyci-
dol. The '"H NMR spectrum of the product is presented
at Fig.7C. The integration of resonances from P and
gl protons related to [248H] G4 resonance enabled to
identify the stoichiometry of the conjugate as G4*"'1%!,

Binary glycidylated Paclitaxel - Fulvestrant - G4 con-
jugate

The G4°" was used to attach covalently Fulvestrant ac-
tivated with NPCEF. After the condensation step, the
R-glycidylation was performed and afterwards the
product was purified by extensive dialysis against water.
The product was analyzed by "H NMR spectroscopy in
order to determine the number of P, F, and gl residues.
The '"H NMR spectrum of binary conjugate is presented
at Fig.7B. The integration of aromatic resonance from
P, and well separated aromatic resonances of F enabled
to determine the average number of P and F residues
and gl substituents to obtain final formula G4°*10"%!,
The compound was also fully characterized by 2-D

spectra. The COSY spectrum is presented at Fig.8. Two
crucial cross-peaks (a and b) were observed gl residues
and additional cross-peak c allowed to identify the F
resonances. Some additional information gained from
heteronuclear 'H-*C HSQC and HMBC experiments
(Fig.9) completed the assignments of 'H resonances of
PAMAM, gl, F, and P.

A PAMAM

3¢

2¢

1367 3029 197.58 24794
N ey | Ly -

2H(ArP

10.749.30 21.10 307.33 248.00
[N S R | [

19 CHy?
16,17 CHY

3.62 9.28 330.61 248.05
o] -] — L

Chemical Shift (ppm)

Fig. 7. The "H NMR spectra of: G4'5F65d9! (A) , G45P10F%8d! (B),
and G419 (C) in DMSO-d,. For atom numbering see Fig.
4.The HD,S(O)CD, resonance is labeled with asterisk. The
resonances from Paclitaxel, Fulvestrant and glycidol are
upper indexed with p, f, and gl

Obtained conjugates: G4'*F%s!, G4%*11%! and G4°"10r%!
were designed as DDS. All conjugates are water soluble
at ca 100 uM concentration. The stoichiometry of con-
jugates was determined by NMR spectroscopy in DM-
SO-d;. They can be stored in frozen solvent for months
and are stable. The stock solutions in DMSO (5 mM con-
centration) can be diluted with water 200 times with-
out precipitation. The glycidylated conjugates have some
tendency to associate in water. The measurements of
conjugate hydrodynamic diameters by Dynamic Light
Scattering method evidenced that size of nanoparticles
was around 100 nm, while the size of G4 dendrimer is
5 nm in monomolecular disperse. Nevertheless, the con-
jugates can be active as DDS against breast cancer cells,
as we observed before in case of glucoheptoamidated
G3 conjugated with Fulvestrant and Lapatinib.® Gener-
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ally, the solubility of conjugates is one order of magnitude
higher than free drugs. High load of obtained DDSs with
F and P is promising factor in anticancer activity, which
will be tested and reported separately.”
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Fig. 8. 'H-"H COSY spectrum of G4°P1%%8¢! jn DMSO-d,.The
significant cross-peaks are as follows:
a-H"/H®, b - H2'/H3, c - 2HF/THF
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Fig. 9. Combined HSQC/HMBC map of G4°F19F%8d! jn
DMSO-d,. The relevant one bond coupling peaks are
shown in grey scale as follows: e — H*(G4) / C°(G4); f —-HY(G4)
/ CYG4); g - HA(G4) / C3(G4); h —HY(G4) / C(G4); j - H'9'/ C'9
k — H39'/ C39!, m — H29' / C*9'. The significant HMBC coupling
peakis n - H' / C%

Conclusion

The anticancer DDS was constructed based on PAMAM
dendrimer of fourth generation. Well water soluble
forms of Fulvestrant and Paclitaxel were obtained by
covalent attachment of the drugs into macromolecular
carrier. High water solubility of obtained macromolec-
ular DDS was achieved by addition of R-glycidol into

primary amine groups of PAMAM dendrimer, which
otherwise are responsible for general toxicity of such
DDSs. The binary conjugate, containing both Pacli-
taxel and Fulvestrant was deliberately designed as DDS
against breast cancer cell models expressing estrogen re-
ceptor a such as MCF7 and BT474.
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