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Abstract

Dendrimers can be focused on to tie with a particular sort of cells as it were. In expansion to it,
dendrimers can be made to fulfill diverse estimate and solvency requests permitting their vascular
survival and empowering them to reach diverse physiological compartments. Dendrimeric
applications in sedate conveyance appear to tremendous ranges inquiriesabout the future for
obtainable life. The nitty gritty considerations these will without a doubt include the advancement
of modern concepts and characteristics of numerous organic nanostructures which may be
included in economic life forms. Harmfulness issues may be settled by adjusting the dendrimer
structure. Cost-effective union procedures and the relationship between dendrimer and drug
atoms come about within the fruitful commercialization of this innovation. Solubilities of
NSAIDS such as Ketoprofen, lbuprofen, and Diflunisal were expanded by full-generation
dendrimers. The impact of variables such as pH, concentration and era number of dendrimer on
watery dissolvability of these hydrophobic drugs was considered. Drugs were stacked into
dendrimers and these drug-encapsulated dendrimers were characterized by FTIR spectroscopy.
Maintained discharge of drugs for drug-loaded dendrimers were examined and compared to free
medicate. To evaluate the harmfulness of dendrimer, Cytotoxicity and hemolytic potential of
dendrimers were carried out which appears less poisonous quality compared to PAMAM
dendrimer.
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Introduction

The “dendrimer” name comes from the Greek words, dévopov or dendros, which translates to
“tree-like” for their shape and meros meaning ‘‘part of’’ for the reminiscence of their
chemical structure made by additional monomers.Dendrimers are synthetically produced
monodisperse polymeric nanostructures with tree-like, highly-branched architecture. They are
routinely synthesized as tunable “nanostructures” that may be designed and regulated as a

function of their size, shape, surface chemistry and interior void space. The word “dendron”
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is also encountered and accounts for “one branch” of the tree or one elementary building
block which shows functionality at its focal point.Dendrimers are typically 2 nm to 20 nm in
diameter and can be divided in three distinct regions: the core, the interior (or branches) and
the periphery (surface groups).A variety of dendrimers are available, and each has biological
properties such as polyvalency, self-assembling, electrostatic interactions, chemical stability,
low cytotoxicity, and solubility.Since the beginning of their history, hundreds of dendritic
structures have been elaborated. Dendrimers are often compared to their forebears, the
polymers, but they are never obtained by polymerization. Dendritic structures can be divided
into monodisperse dendrimers and dendrons (elementary unit)
and polydisperse hyperbranched polymers, dendrigrafts, and dendritic-linear hybrids such as
dendronized polymersDendrimer has effectively demonstrated itself, as the structure gives a
tall degree of surface usefulness, flexibility and interesting properties like uniform estimate,
tall degree of branching, multivalency, water solvency, well characterized atomic weight
conjointly the accessible inside cavities. The tall functionalities of the dendritic polymers
recommended that they have wide number of potential applications totally different areas.
Dendrimers and other atoms can either be joined to fringe or can be typified in their inside’s
voids.Most of the recently found drugs are rejected; the reason behind it may be its destitute
bioavailability, which is due to destitute water solvency [7]. Human body contains greatest
sum of water, and so moo water dissolvability of these drugs causes early end from
gastrointestinal tract which eventually comes about in destitute bioavailability of drugs [8, 9].
Logically moo watery solvency of modern pharmaceutically dynamic specialist is an issue for
medicate revelation as well as pharmaceutical improvement handle which ought to be tended
to early on amid compound extension [10]. As revelation of unused drugs is time expending
and exorbitant handle, conveyance of ineffectively water dissolvable drugs is one of the
major challenges in pharmaceutical investigate and advance [11]. Physical and chemical
alterations encompassing the sedate atoms or changing macromolecular characteristics of
totaled sedate particles, dissolvability can be moved forward in water. This strategy
incorporates measure decrease, shower drying, micellar solubilization and cyclodextrin-
mediated drugs solubilization [12-14]. Both micelles and cyclodextrins contain hydrophobic
contribute for sedate embodiment and hydrophilic outsides for solubilization. Numerous
analysts have detailed cyclodextrin-mediatedsedate solubilization [15-18]. Cyclodextrin-
mediated sedate solubilization incorporates tall taken a toll, nephrotoxicity on organization,
which could be a impediment. The solubility of cyclodextrin in watery arrangement is
additionally not adequate sufficient to solubilize drugs at restorative measurements [19]. The
other strategy which incorporates Micellar and polymeric micelle-based frameworks are too
prevalent for medicate solubilization. The disturbance of micellar structure on weakening
with body liquids underneath basic micellar concentration result into burst discharge of drugs
[20-36]. Application of micelles as sedate carriers depends upon their morphology and
steadiness. So, it is critical to hunt for micelles with steady structure and well-defined,
contract estimate disseminations [37].
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Controlled Drug Release systems

Controlled or Supported sedate discharge actuates delayed discharge of sedate over a period
of time at particular target in this way make strides the effectiveness of sedate conveyance
framework. Numerous benefits of supported discharge framework incorporate least side
impacts, expanded sedate proficiency and moo measurement prerequisite of drugs. Common
strategies utilized for controlled discharge of sedate incorporate liposomes and polymeric
frameworks. By and large, two strategies are utilized for supported discharge of drugs i)
polymeric medicate conveyance frameworks and ii) liposomes.

1) Polymeric Drug Deliverysystems

In polymeric medicate conveyance frameworks, drugs are typified inside polymeric carriers.
Polymeric medicate carriers do absent with the corruption of drugs and release can be
controlled by legitimate determination of particular polymers. Polymeric medicate
conveyance frameworks are classified into two categories: store and framework frameworks.
Here, in polymeric framework framework, sedate gets scattered or broken down in polymer
and release is accomplished by dissemination, swelling or disintegration. In supply
framework, medicate is encompassed by obstruction of polymeric layers which acts as
dissemination boundary. The sedate discharge is by disintegration into the polymer and hence
dissemination through the polymer divider. Polydispersity of straight polymers is one of its
primary drawbacks.

il) Liposomes

A liposome comprises of a little vesicle (bubble) with a self-possessed layer with
phospholipid layer. Layers are as a rule made up of phospholipids like phosphotidyl
ethanolamine and phosphatidylcholine. Phospholipids have polar head as hydrophilic portion
and hydrocarbon tail as hydrophobic portion of structure.

The amphiphillic nature of liposome, with hydrophobic bilayer and the hydrophilic inward
center empowers solubilisation or epitome of drugs of both hydrophobic and hydrophilic
drugs. Striking highlights of liposomes such as great solubilization capacity, simple
establishing and wealthy combination of physicochemical properties renders them
appropriate for sedate conveyance application. On the other hand, moo steadiness, trouble to
target particular tissues, harmfulness and unfavorable side impacts are drawbacks of
liposomal sedate conveyance.

DENDRIMERS IN DRUG DELIVERYSYSTEM
Dendrimers have upgraded porousness and maintenance impact that permits them to target

tumor cells more successfully than little particles. Dendrimers can provide drugs by two
components: 1) by Arrangement of drug-dendrimer incorporation complex or by epitome 2) by
arrangement of drug-dendrimer conjugates or by chemically joining a medicate on dendrimer

surface.Iln 1994, Meijer et al. detailed the primary epitome of a atom interior a dendrimer which
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included three classes of colors i) Eriochrome Dark T, ii) Tetracyanoquinodimethane and iii)

Rose bengal in fifth era diaminobutane based PPI dendrimer. The dendrimer was called as
“Dendritic Box”. Chosen cases of sedate epitome and discharge by dendrimers are given in

Table 1

Table 1. List of drugs which are encapsulated by dendrimers

Type of dendrimer Compound used
Diaminobutane based PPI . L
. P-nitrobenzoic acid
dendrimer
PAMAM dendrimer Methotrexate, Doxorubicin
Polystryl-sulfone based PAMAM -
. Doxorubicin
dendrimer
PEG-PAMAM dendrimer 5-Flouroracil
PAMAM dendrimer Ketoprofen
Mannosylated Dendrimer Rifampicin
polyether-co-polyester dendrimers Methotrexate
PAMAM dendrimer Mycophenolic acid
Triazine based dendrimer Paclitaxel
PAMAM and PPI dendrimer Phenylbutazone
Multifunctionalized dendrimer Combretastatin A4
Multifunctionalised dendrimer 2-methoxyestradiol

Methotrexate sodium, Sodium

PPI dendrimer ..
deoxycholate, Doxorubicin

PAMAM dendrimer Puerarin

quarternized PPI dendrimer Nimesulide

Destinations of display work comprises of assessment of full era dendrimers synthesized as
dissolvability enhancers of show drugs ketoprofen, ibuprofen and diflunisal by utilizing
Higuchi and Connors strategy. G3 dendrimers were stacked with show drugs and medicate
stacked dendrimers were advance characterized by FT-IR. Supported discharge of drugs from
sedate stacked dendrimer was examined and compared with that of free sedate. Cytotoxicity
measure and hemolytic potential of dendrimer was examined to assess poisonous quality of
dendrimer.

EXPERIMENTAL
Solubility studies

Dissolvability think about was carried out concurring to the strategy depicted by Higuchi and
Connors. Abundance of sedate was included to screw-capped vials containing distinctive
concentrations (0.6 mmol to 3 mmol) of full era dendrimers in buffers of 4.0,
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7.4 and 10 pH. Vials were shaken for 48 h at 37°C in shaking water shower. The vials were
centrifuged to expel undissolved sedate and absorbance of medicate were measured at its
characteristic wavelength 260 nm, 258 nm and 250 nm for Ketoprofen, Ibuprofen and
Diflunisal separately utilizing Shimadzu UV-1800 spectrophotometer.

Drug Encapsulation

Using detailed strategy medicate stacking was carried out with minor alterations [64, 88]. A
known sum of abundance sedate (Ketoprofen/ Ibuprofen/ Diflunisal) was included to era 3
(AG3, BG3, CG3) dendrimer (3 mmol in 10 ml of refined water) arrangement. The blend was
blended for 72 hours at room temperature. Filtration of this blend was done and 5 ml of
methanol was passed five times through the channel to evacuate unencapsulated sedate.
Sedate from channel and each division of methanol was analyzed by UV spectrophotometer
to decide sum of medicate typified indirectly.

In vitro Drug release
Drug (Ketoprofen/ Ibuprofen/ Diflunisal) was broken down in methanol (2 mg/ml) and
utilized as control. The arranged sedate stacked dendrimer was broken up in refined water at
a concentration of 2 mg/ml (the same concentration of medicate as 2 mg/ml unadulterated
medicate arrangement). This arrangement (2 ml in volume) was at that point exchanged to a
dialysis sack (3000da) quickly at that point it was set in 50 ml-beaker
containing 40 ml refined water. The external stage was mixed continually. After a planned
interim of time for 0.5 hours, 100 ul of test was pulled back from the external stage, and the
external stage was once more recharged with 100 pl refined water. The absorbance of the
external stage was observed at comparing Amax employing a Shimadzu-1800
spectrophotometer in arrange to characterize the concentration of medication.Hemolysis
thinks about.With reference to the solid person, 5 ml of the blood was collected in a tube
containing heparin. This blood was centrifuged at 1500 rpm for 3 minutes. The supernatant
(Erythrocyte) was collected and plasma was remaining. The pellet was washed for 3 times
utilizing 0.75% NaCl and centrifuged at 1500 rpm for 5 mins. The cells were once more
suspended in ordinary saline to 0.5%. Washed erythrocytes were put away at 4 0C and
utilized inside 6 hours for the hemolysis test. To 0.5ml of cell suspension, 0.5 ml of diverse
concentration of test test (40, 60, 80 and 100 pg/mL in phosphate buffer saline (pH 7.2)) was
included and brooded for 1 hr. After centrifugation, supernatants were taken and weakened
with a break even with volume of typical saline and absorbance was measured at 540 nm. The
phosphate buffer saline and refined water was utilized as negligible and greatest hemolytic
control. The hemolytic measure was calculated by taking after condition.

% Hemolysis= At-An

Ac-An

here,
At= Absorbance of Test Sample
Ac=Absorbance of control (Water) An=
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absorbance of control (Saline)

Cytotoxicity study

The monolayer cell culture was trypsinized and the cell number was balanced to 3 lac cells/
ml utilizing a medium containing 10% fetal bovine serum. Pre-brood cells at a concentration
of 1x 106 cells/ml in culture medium for 3 hours at 37°C and 5% CO2. The cells were seeded
at a concentration of 5x 104 cells/well in 100 pl culture medium and brooded at 37°C in 5 %
CO2 hatchery for 24 hrs. After 24 hours, when the monolayer was shaped, the supernatant
was flicked off and included to already weakened media of 100ul of diverse concentrations of
test extricate in microlitre plates and kept for hatching at 37°C in 5 % CO2 hatchery for 48
hours and cells were occasionally checked for granularity, shrinkage, swelling. After
48hoursr, the test arrangement in the well was flicked off and 10ul of MTT color was
included to each well. The plates were delicately shaken and hatched for 4 hours at 37°C in
5% CO2 hatchery. The supernatant was expelled and 100 pl of DMSO was included and the
plates were delicately shaken to solubilize the shaped formazan. The absorbance was
measured employing a microplate peruser at 570 nm.

UV-Visspectroscopy

To gauge the sum of sedate joined or solubilized by the dendrimer Shimadzu 1800 UV-Vis
spectrometer was utilized. Ketoprofen, Ibuprofen, and Diflunisal gave the greatest
absorbance in UV locale at Amax = 260 nm, 258 and250 nm. Calibration bends of
Ketoprofen, Ibuprofen and Diflunisal at their individual Amax values were arranged as per
strategies detailed in British Pharmacopoeia [90]. The calibration bend was direct over a
concentration run of 0.1-1 mg/ml with r2value of 0.981. The drug—dendrimer complex was
broken up in refined water. Since the dendrimers gave powerless or no absorbance at this
wavelength, the absorbance is gotten from drug—dendrimer complex would be exclusively
from medicate. This absorbance was related with the calibration bend and sum of sedate was
decided.

Statisticalanalysis

Information is communicated as the cruel standard deviation (SD) of getting comes about.
The factual examination of information was performed utilizing investigation of change
(ANOVA) (Chart cushion, Adaptation 2.01, San Diego, CA). An esteem of p < 0.05 was
considered as factually critical.

RESULT ANDDISCUSSION
Drug Solubilization

Medicate solvency tests were carried out at pH 4.0, 7.4, and 10.0 [Fig 1 to 9]. It was watched
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that with increment within the pH, the watery solvency of drugs was expanded for all the
dendrimer eras. With the increment in each era of the dendrimer, there was a noteworthy
increment in the surface zone, terminal hydroxyl bunches, and estimate of the dendrimer.
Subsequently, the capacity of dendrimer to be associated with medicate atoms was altogether
expanded. At steady concentration and pH, it was too taken note that the arrange of solvency
was Ketoprofen> Ibuprofen> Diflunisal It was o proposed that the impact of spacer length or
center moiety was negligible on sedate solubilization by dendrimer of the same era.
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Figure 1: Effect of the generations (AG1, AG2, and AG3) of triazine dendrimers and pH on
aqueous solubilization of Ketoprofen (n = 3).
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Figure 2: Effect of the generations (AG1, AG2, and AG3) of triazine dendrimers and pH
on aqueous solubilization of Ibuprofen (n = 3).
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on aqueous solubilization of Ibuprofen (n = 3).
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DrugEncapsulation

It was watched that the era 3 dendrimers of each center show the most extreme medicate
solubilization, so as it where era 3 dendrimer was utilized for medicate stacking. % Sedate
epitome inside dendrimer appears in Table 2 underneath.

Table 2. % Drug loaded by G3 dendrimers (AG3-CG3)

Dendrimer % Drug loaded

Generation Ketoprofen Ibuprofen Diflunisal
AG3 24.58 23.22 21.64
BG3 24.73 23.38 21.77
CG3 24.76 23.36 21.79

It was watched that 24.58% ketoprofen, 23.22% ibuprofen and 21.64% of diflunisal was
stacked inside AG3 dendrimer. Additionally, 24.73% ketoprofen, 23.38% ibuprofen and
21.77% of dilfunisal be stacked inside BG3 dendrimer and 24.76% ketoprofen, 23.36%
ibuprofen and 21.79% of diflunisal was stacked inside CG3 dendrimer.

Characterization of drug dendrimer complex by FT-IRspectroscopy

RC SAIF PU, Chandigarh

Figure 10: FT-IR Spectrum of CG3 Dendrimer
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Figure 11: FT-IR Spectrum of Ketoprofen
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Figure 12: FT-IR Spectrum of CG3 Ketoprofen-CG3 dendrimer complex
Ketoprofen-loaded CG3 dendrimer was further characterized by Infrared spectroscopy

[Fig. 12]. FT-IR spectrum of ketoprofen [Fig. 11] show absorption bands at 3010 cm-1,
2895 cm-1 for aromatic C-H stretching, 1665, 1735 cm-1 for carbonyl stretching. FT-IR
spectrum of CG3 dendrimer [Fig. 10] show absorption bands 3368 cm-1 for O-H stretching
for hydroxyl groups, and 1033 cm-1 for C-O stretching of ether linkages. FT-IR spectrum
of Ketoprofen loaded CG3 dendrimer showedabsorptionbandat3390cm-1forO-

T T T T T T T T T T
4000.0 3600 3200 2800 2400 20040 1800 1600 1400 1200 1000 800 500 4500
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Hstretching,at2870,2790cm-1forC-Hstretching, at 1770, 1625 cm-1 for carbony! stretching
and at 1060 cm-1for C-O stretching. The result indicated the presence of all characteristic
absorption bands for CG3 dendrimer and ketoprofen which indicated that no structural
modification or change was observed on the drug. So, the hydrophobic interaction of the
triazine ring and hydrogen bonding of hydroxyl groups at the exterior may be responsible
for the encapsulation of drugs.

Sustained Release

—— FreeKetoprofe == Ketoprofen-

n AG3
——

80

% DRUG

TIME

Figure 13: % Cumulative release of ketoprofen from free Ketoprofen and Ketoprofen
loaded Dendrimers (AG3, BG3, CG3) (n=3)

About 95% of Ketoprofen was released within 2.5 hours from free ketoprofen as shown in
[Fig.13]. Whereas the same quantity of the drug was released after 7 hours from ketoprofen-
loaded dendrimers. So, Ketoprofen loaded dendrimerreleases ketoprofen slowly compared to
free ketoprofen. Sustained release behavior was found to be similar for all G3 dendrimers.
Commercially available PAMAM dendrimers released the same amount of ketoprofen after
10 hours.

—— Free = |hunrofen- Ihunrofen- == |hunrofen-

TIME

38

% DRUG



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 08, 2023

Figure 14:% Cumulative release of Ibuprofen from free Ibuprofen and Ibuprofen-
dendrimer complex(AG3, BG3, CG3) (n=3)

On observation, it was known that nearly 96% of Ibuprofen was released from free
ibuprofen after 2 hours [Fig.14]. At 6 hours, nearly 97 % release of ibuprofen was observed.
The effect of core moiety or spacer length was minimal on sustained release behavior.

—o— Free = Diflunisal- Diflunisal- == Diflunisal-
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Figure 15:% Cumulative release of Diflunisal from free Diflunisal and Diflunisal loaded
dendrimer (AG3, BG3, CG3) (n=3)

Perception sees that, about 91% of diflunisal [Fig.15] was discharged from free diflunisal
after 3 hrs. Whereas within the case of diflunisal containing dendrimers (AG3, BG3,
CG3) complexes, the same sum of sedate was discharged about at 6 hrs. A little change
was watched within the supported discharge behavior of dendrimers with distinctive
spacer lengths.

Hemolysis

Watched that G3 dendrimer (AG3, BG3, CG3) [Fig. 16] appeared concentration
subordinate hemolysis. By the by, triazine-based G3 dendrimers (AG3, BG3, CG3) were
essentially less hemolytic compared to PAMAM dendrimers. Emphatically charged
amine bunches of PAMAM dendrimer interatomic with adversely charged surfaces of
ruddy blood cells and caused hemolysis. In comparison, G3 dendrimers have anionic
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hydroxyl bunches on the surface and show altogether less poisonous quality.
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Figure 16:%Hemolysis of Red blood cells by AG3, BG3, CG3 dendrimer after 1 hour of
incubation (n=3)
Cytotoxicity

100

3 98

: I

Z 96

z : I
8 94

X 92

10 100 1000

[ YRS C SURSS SIS S S S A

EAG3 EBG3 CG3

Figure 17: Cytotoxicity of AG3, BG3 and CG3 dendrimers on A-549 cell lines after 48
hours of incubation (n=3)

Cellular toxicity of G3 dendrimers on A-549 cell lines was investigated using the MTT
assay technique. MTT is a water-soluble, yellow-colored dye. Living cells are able to
transform MTT into water-insoluble, blue-colored formazan crystals by reductive cleavage
of the tetrazolium ring. Formazan crystals were extracted by organic solvents and measured
at 550 nm. The results were correlated with living cells to measure cell viability. Our results
[Fig.17] displayed those dendrimers (AG3, BG3, CG3) possess more than 90% cell
viability at concentration levels ranging from10 pg/ml to 1000 pg/ml as compared to
PAMAM dendrimers [Fig 18]. Hence, synthesized dendrimers were significantly less toxic
compared to PAMAM dendrimers.
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Cytotoxicity of G4 PAMAM dendrimer
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Figure 18: Cytotoxicity of PAMAM dendrimers

Summary and Conclusions

Solvency of NSAIDS such as Ketoprofen, Ibuprofen and Diflunisal were expanded by full
era dendrimers. Impact of components such as pH, concentration and era number of
dendrimer on fluid dissolvability of these hydrophobic drugs was examined. Drugs were
stacked into dendrimers and these sedate typified dendrimers were characterized by FTIR
spectroscopy. Maintained discharge of drugs from medicate stacked dendrimers were
examined and compared to free medicate. To evaluate poisonous quality of dendrimer,
Cytotoxicity and hemolytic potential of dendrimers were carried out which appears less
harmfulness compared to PAMAM dendrimer.

Dendrimers are especially flexible sedate conveyance gadgets due to the wide run of
chemical alterations that can be made to extend in vivo reasonableness and permit for
site-specific focused on sedate conveyance.
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