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ABSTRACT

The present research work entitled, “Synthesis of Nitric oxide
derivatives of Lumefantrine For Antimalarial Activity",
pertains to the synthesis and evaluation of novel
poly(dichlorophosphazenes)-linked Prodrugs of Lumefantrine
to have the desired delivery to the infected targets.
Poly(dichlorophosphazenes) was synthesized from
hexachlorocyclotriphosphazene  (prepared by  reacting
ammonium chloride and phosphorus pentachloride) and linked
with antimalarial drug Lumefantrine, through the spacer. These
substituted polyphosphazenes can also be suitably modified to
have the desired physiochemical properties. Therefore, the
proposed polymer-linked antimalarial analogues are expected to
have the targeted drug delivery with prolonged action. Nitric
oxide (nitrogen oxide, nitrogen monoxide) is
a molecular, chemical compound with chemical formula of NO.
One of several oxides of nitrogen, it is a colorless gas
under standard conditions. Nitric oxide (NO), a small
endogenic gas molecule, plays an important role in regulating
physiological functions, including the inhibition of platelet
aggregation and thrombus formation in cerebrovascular and
cardiovascular systems. Nitric oxide is secreted as free radicals
in an immune response and is toxic to bacteria and intracellular
parasites, including malaria; the mechanism for this includes
DNA damage and degradation of iron sulfur centers into iron
ions and iron-nitrosyl compounds.
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1. Introduction
1.1 Incidence, Prevalence and Survival

Almost one-half of the population lives under the threat of malaria, and the disease is
responsible for approximately 1.7-2.0 million deaths per year (1).A large percentage of the
fatalities occur in Africa; however, malaria is endemic throughout most of South East Asia,
the Indian subcontinent, the South Pacific region, and Latin America. Malaria is caused
by parasitic protozoans belonging to the Plasmodium .Five species of Plasmodium can infect
and be spread by humans. Most deaths are caused by P. falciparum. The disease is most

commonly transmitted by an infected female Anopheles mosquito and humans.
1.2Malaria Life Cycle

The life-cycle of malaria begins by the bites of an infected female mosquito by her prey,
withdrawing blood and at the same time injecting sporozoite-containing saliva into the
capillaries of the skin. The sporozoites enter liver cells and multiply to form about 30,000
merozoites each. After about 5 days, the merozoites are released into the blood stream. They
enter into red blood cells and “develop through the so-called ring, trophozoite, and schizont
stages. The erythrocyte provides the parasite with a safe haven from the host’s immune
system, but presents certain logistical problems with regard to access to nutrients and disposal

of waste products (2).

Parasite growth is supported by host hemoglobin ingestion. During a 48-hr (or 72-hr for
Plasmodium malariae) cycle the parasite divides to produce 16—20 daughter merozoites. The
merozoites burst from the mature schizont and release cell debris, which causes a febrile
episode in the host. After that the merozoites invade new red blood cells and the cycle
continues. After several cycles, some of the intra-erythrocytic parasites develop into sexual
stage gametocytes. When a mosquito bites an infected individual the gametes are ingested.
They mate in the gut of the insect and then pass through the gut wall, where they develop into
poipoocysts that release sporozoites that migrate to the salivary glands to be passed on to
another individual. This stage of the malaria parasite is intra-erythrocytic in which the disease

pathology is produced as shown in Figurel.l.

Due to complications of infections with Plasmodium falciparum most of the deaths are

occur, whereby erythrocytes infected with mature-stage parasites adhere to the vascular
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endothelium of post-capillary venules, particularly in the brain. Vascular occlusion and/or an
inappropriate hostimmune reaction can lead to coma (3). Once a coma is established in
malaria patient, the patient has only a 10-50% chance of survival, even with optimal medical
care also. Whilst the blood forms of the parasite cause most of the pathology of the disease,
they are also the stages that are most susceptible to attack by antimalarial drugs. Therefore,
there is direct need for the novel effective antimalarial drugs and also various approaches that

may not result into drug resistance.

Sexual phase of Plasmodium life
cycle takes place inside mosquito
— gametes fuse to form zygotes,
meiosis takes place, sporozoites
are produced and migrate to
salivary gland

Infected mosquito bites
another human, injecting saliva
that contains FPlasmodivm

Female Anopheles mosquito Sporozoites
hites human infected with =
malaria and picks up
Plasmodivm gamete cells
L \j‘ o . s Piasmodium
G * “§hOrozoites.
,J?_'\JV =
y -\N - Liver
4 Sporozoites infect liver cells
o and multiply asexually
g Infected liver cells burst,
» releasing Pilasmodium cells
N called merozoites that infect red
blood cells

@ © Merozoites
Infected red blood cells hurst, -
releasing merozoites that infect @ Red hlood cells
other red blood cells. Some cells

release gametes that can infect

mosquitoes Merozojtes reproduce asexually
inside red blood cells

Fig.1.1Life cycle of malaria.
Time taken for infection to symptoms:
Plasmodium falciparum — 6-12 days.
Plasmodium vivax — 10-17 days.
Plasmodium ovale — 14 days.

Plasmodium malariae — 28-30 days
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2. Material and method
2.1 Methodology
2.1.1Preformulation studies

The main goal of preformulation study is to investigate critical physiochemical factors which
assure identity, purity, product performance and quality. It is the first stage of formulation
development as it helps to determine the state as well as composition of pure drug substance.
Furthermore, it also helps to provide information regarding physicochemical properties such
as solubility, the effect of pH and predict sensitivities to environmental conditions. Some of
these preformulation parameters include checking physical appearance, melting point
determination, IR and UV analysis. Development of beneficial pharmaceutical dosage form
requires various preformulation parameters as described in Figure 4.1 (Sinha et al.,
2014;Gibson, 2009).

IR analysis

~ - /
Preformulation
studies

Physical
appearance

Figure 4.1: Common Screening Techniques for Preformulation
2.1.2 Drug identification

Antimalarial drug Lumefantrine was obtained as a gift sample from Alkem Laboratories
limited Navi Mumbai- 410208 India. Drug sample was characterised according to standard
procedures.
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2.1.3 Physical appearance
Physical appearance of procured drug was noted by visual observation.
2.1.4 Melting point determination

Melting point of drug sample was determined by using digital capillary apparatus. A small
amount of drug was filled into one sided sealed capillary and was placed in the melting point
apparatus along with calibrated thermometer and the temperature at which drug melted was
recorded. This test was performed in triplicate to observe the melting point range as shown in
the result (1P, 2014).

2.1.5 Drug-excipient interaction study (FTIR Spectroscopy)

Drug excipient compatibility study was performed for identification and structural analysis of
the drug Lumefantrine using Fourier Transformed Infrared Spectrophotometry. The
potassium bromide disc technique was employed using a drug (1.0 mg) in IR grade dried
potassium bromide (100.0 mg). The mixture was triturated into a fine powder using an agate
mortar/pestle and compressed into potassium bromide disc using a hydraulic press at 10,000
psi. Each potassium bromide disc was scanned 32 times at 4 mm s at a resolution of 2 cm™
over a pallet wave number region of 4000-400 cm™ and characteristic bands were recorded.
Further results were compared with standard peaks available in the literature. The spectrum
obtained has shown identical peaks as reported in the reference sample of Lumefantrine as

shown in results (Karuna et al., 2014).
2.1.6 Ultraviolet absorption maxima (Amax) (Arun et al., 2011).

The solution of drug sample Lumefantrine was prepared in methanol and was scanned from
wavelength 200-400nm using Shimadzu 1800 Spectrophotometer taking methanol as blank.

The drug sample showed absorption maxima at Amax 234 nm.
2.1.6.1 Development of calibration curves

Calibration curve of Lumefantrine was prepared by plotting absorbance of its various

concentrations in methanol.
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2.1.6.2 Standard curve of Lumefantrine in Methanol.
(a) Preparation of stock solution with Methanol

Lumefantrine (10 mg) was accurately weighed and transferred into a 100.0 ml volumetric
flask. Methanol (50.0 ml) was added, sonicated for 15 min. for complete dissolution of drug

and finally the volume was made upto 100.0 ml with methanol.
(b) Preparation of working solutions

From the stock solution 5 dilutions were prepared in the concentration range of 2, 4, 6, 8 and
10 pg/ml. Stock solution (0.2 ml) was withdrawn and transferred into 10.0 ml of volumetric
flask and volume was made upto 10.0 ml with methanol. Similarly, all four dilutions were
made in the concentration range of 4, 6, 8, 10 pug/ml following the same procedure. The
absorbance of each solution was measured spectrophotometrically at Amax 234 nm and a
standard curve between the concentrations and their respective absorbance was plotted.

2.1.6.3 Standard curve of Lumefantrine in phosphate buffer pH 7.4
(a) Preparation of Phosphate buffer solution pH 7.4

Potassium dihydrogen phosphate (2.7 gm) was placed in 100.0 ml of volumetric flask and
volume made up with water. Sodium hydroxide (0.8 gm) was placed in 100.0 ml of
volumetric flask and volume was made up with water. Potassium dihydrogen phosphate
solution (62.5 ml) and sodium hydroxide (48.8 ml) was placed in 250.0 ml of volumetric
flask (1P, 2014).

(b) Preparations of stock solutions

Lumefantrine (8) (10 mg) was accurately weighed and transferred into 100.0 ml of
volumetric flask. Methanol (50.0 ml) was added and sonicated for 15 min. for the complete
dissolution of drug and the volume was made up to 100.0 ml with phosphate buffer solution
pH 7.4.

(c) Preparation of working solutions

From the stock solution 5 dilutions were prepared in the concentration range of 2, 4, 6, 8 and

10 pg/ml. Stock solution (0.2 ml) was withdrawn and transferred into 10.0 ml of volumetric
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flask and volume was made up to 10.0 ml with Phosphate buffer of pH 7.4. Similarly, all the
dilutions were made as followed by same procedure. The absorbance of each solution was
measured spectrophotometrically at Amax 234 nm and a standard curve between the
concentrations and their respective absorbance was plotted as shown in the result.

2.1.6.4 Standard curve of Lumefantrine in phosphate buffer solution pH 6.8
(a) Preparation of Phosphate buffer solution 6.8

Potassium dihydrogen phosphate (2.7 g) was placed in 100.0 ml of volumetric flask and
volume made up with water. Sodium hydroxide (0.8 g) was placed in 100.0 ml of a
volumetric flask and volume made up with water. Potassium dihydrogen phosphate solution
(62.5 ml) and sodium hydroxide (28.0 ml) were placed in 250.0 ml of volumetric flask. The
pH was adjusted to 6.8.

(b) Preparations of stock solutions

Lumefantrine (8) (10 mg) was accurately weighed and transferred into 100.0 ml of
volumetric flask. Methanol (50.0 ml) was added, sonicated for 15 min. for complete
dissolution of the drug and the volume was made up to 100.0 ml with phosphate buffer
solution pH 6.8.

(c) Preparations of working solutions

From the stock solution 5 dilutions were prepared in the concentration range 2, 4, 6, 8 and
10pg/ml. Stock solution (0.2 ml) was withdrawn and transferred into the 10.0 ml of
volumetric flask and volume was made up with phosphate buffer solution pH 6.8. Similarly,
other four dilutions were made in the concentration range of 4, 6, 8 and 10 pg/ml following
the same procedure. The absorbance of each solution was measured spectrophotometrically at
Amax 234 nm and a standard curve between the concentrations and their respective absorbance

was plotted as shown in the results.
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3. Result And Discussion
3.1 Characterization of Drug Sample (Lumefantrine)
3.1.1 Drug Sample Identification

Lumefantrine drug sample was identified on the basis of its physical appearance, melting
point, solubility, absorption maxima, and FT-IR spectra. Based on the results of

characterization study of the drug sample was confirmed.
3.1.2 Physical Appearance

Drug sample of Lumefantrine was visually observed and was found to be yellow coloured

powder.
3.1.3 Melting Point

The melting point was found to be 127-132°C for Lumefantrine drug samples respectively
which is as per the reported melting point (1P, 2014; Saini et al., 2015).Table 3.1 gives the

details of the melting point observed.

Table 3.1 Melting Point of Lumifantrine

Parameter Drug name Observed Standard
Melting point Lumefantrine 127-132°C 128-132°C

3.1.4 IR Analysis

IR spectrum of Lumefantrine is shown in Figure 3.1. Observed peaks in IR spectrum were
found to be concordant with functional groups present in structure of Lumefantrine and
shows frequency of observed bands and its interpretation. Purity of procured sample was
confirmed from its IR spectrum. All the results of identification and characterization

confirmed identity and purity of both procured drug samples.
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60=  sample(2)

SeTransmi

Figure 3.1: FT- IR Spectrum of Lumefantrine

IR (KBr) cm™: 3398 (O-H str. alcoholic), 2952 (-CH str., aliphatic butyl), 2869 (-CHj str.,
methylene), 1442 (-C=C- str., aromatic) and 838 (C-ClI).

3.1.5 Standard Curve of Lumefantrine

To obtain calibration curve, different concentrations of Lumefantrine was dissolved in 0.1 N
HCI (pH 1.2), PBS (pH 6.8), PBS (pH 7.4) and Methanol absorbance was measured at 234
nm. Table 3.2, Table 3.3, Table 3.4 and Table 3.5 shows absorbance values for
concentration of Lumefantrine in 0.1 N HCI (pH 1.2), PBS (pH 6.8) and PBS (pH 7.4) and
Methanol. Figure 3.2, Figure 3.3 and Figure 3.4 and Figure 3.5 explain the calibration
curve of Lumefantrine in 0.1 N HCI (pH 1.2), PBS (pH 6.8), PBS (pH 7.4) and Methanol
with correlation coefficientr? = 0.992 (pH 1.2), r> = 0.994 (pH 6.8), r> = 0.995 (pH 7.4), and r?
=0.996 (Methanol). Results inferred that Beer’s law was obeyed in concentration ranges 0.2-
1.0 pg/ml of Lumefantrine in 0.1 N HCI (pH 1.2), PBS (pH 6.8), PBS (pH 7.4) and Methanol
respectively (Arun et al.,2011).

Table 3.2: Absorbance Values for Different Concentrations of Lumefantrine in 0.1N
HCI (pH 1.2).

S No Concentration (ug/mi) Mean Absorbance Staerafrd
(nm) Deviation

1 0 0 0

2 2 0.218 0.004

3 4 0.333 0.007

4 6 0.477 0.007

5 8 0.670 0.005

6 10 0.783 0.004
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CALIBRATION CURVE OF LUMEFANTRINE IN
0.1IN HCI (pH 1.2)

_ 1

E 0.8 - y=0.0774x+ 0.0267

S 2 _

S 06 - R?=0.9925

=

% 04 - ¢ Mean
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< 0 T T 1

0 5 10 15
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Figure 3.2 Calibration Curve of Lumefantrine in 0.1N HCI (pH 1.2)

Table 3.3: Absorbance Values for Different Concentrations of Lumefantrine with
phosphate buffer solution (PBS) pH 6.8.

Sr.No Concentration (ug/ml) '(\:ﬁf)n Absorbance Standard Deviation
1 0 0 0

2 2 0.225 0.002

3 4 0.355 0.003

4 6 0.514 0.052

5 8 0.662 0.005

6 10 0.807 0.002

CALIBRATION CURVE OF LUMEFANTRIE IN
PHOSPHATE BUFFER pH 6.8

y =0.0786x+0.0341
s 08 RZ=0.994
= 06 - ¥
2 »
E 0.4 pe ¢+ Mean
% 0.2 > Linear (Mean)
2 04 : : .
< 0 5 10 15

Conc. (ng/ml)

Figure 3.3 Calibration Curve of Lumefantrine in Phosphate Buffer pH 6.8
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Sr. Concentration Mean Absorbance Standard Deviation
No | (ug/ml) (nm)
1 0 0 0
2 0.203 0.002
3 4 0.319 0.006
4 6 0.468 0.015
5 8 0.609 0.005
6 10 0.763 0.056
CALIBRATION CURVE OF LUMEFANTRINE IN
PHOSPHATE BUFFERPpPH 7.4
_ 17 y=0.074x + 0.0235
E 08 - R? = 0.9959
% 0.6 1 ¢+ Mean
2 04 - Linear (Mean)
E 0.2 4
< 0 T T T T ]
0 2 4 6 8 12
Conc. (ng/ml)

Figure 3.4 Calibration Curve of Lumefantrine in Phosphate Buffer pH 7.4.

Table 3.5: Absorbance Values for Different Concentrations of Lumefantrine

Methanol.

Sr. | Concentration Mean Absorbance Standard Deviation
No | (ug/ml) (nm)

1 0 0 0

2 2 0.203 0.001

3 4 0.336 0.003

4 6 0.475 0.002

5 8 0.629 0.001

6 10 0.768 0.003
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CALIBRATION CURVE OF LUMEFANTRINE IN
METHANOL
~ 17 y=0.0751x+ 0.0263
E,. 08 - R2=0.996
S 06 -
=
g 0.4 Mean
_“E 02 1 = Linear (Mean)
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0 2 4 6 8 10 12
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Figure 3.5 Calibration Curve of Lumefantrine in Methanol

3.1.6 Saturation solubility

The solubility profile of Lumefantrine in various solvents is given in Table 3.6. Solubility of
Lumefantrine in water was found to be very low. This result is in compliance with reported
value. However, it was found to be soluble in organic solvents like methanol, ethanol,
chloroform and tetrahydrofuran. Results of solubility studies confirmed the high affinity of
Lumefantrine towards organic solvents and poor solubility in aqueous media. This confirmed
the lipophilic nature of the drug (Gibson, 2009; Kotila etal., 2013).

Table 3.6: Qualitative Solubility Studies of Lumefantrine

Solvent Standard (mg/ml) Experimental (mg/ml)
Tetrahydrofuran 15 13
Chloroform 6.8 7.5
Ethanol 2.8 2.3
Methanol 2.9 2.5
Distilled Water 0.1 0.05

3.2 The research work carried out is discussed under the heads:

1. Synthesis of ss2-(dibutylamino)-1-(9-benzylidene-2,7-dichloro-9,9a-dihydro-4aH-fluoren-
5-yl) ethyl 4-aminobenzoate(14)

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.
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2. Synthesis of Polymer-Drug conjugates of Lumefantrine (8) substituted with Methyl 4-
amino benzoatel6 (PDA-1), Glycine methyl ester 19 (PDA-2), Glycine ethyl ester 21 (PDA-
3) and Anilino substituted polymer-drug conjugate 23 (PDA-4).

3. Characterization of Polymer-Drug Conjugates of Antimalarial Drug.
4. Drug release profile Lumefantrine (8) from Polymer linked antimalarial Drug Conjugates.

3.3 Synthesis of 2-(dibutylamino)-1-(9-benzylidene-2,7-dichloro-9,9a-dihydro-4aH-
fluoren-5-yl) ethyl 4-aminobenzoate (14)

_ CMPD 14

% Transmittance

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 4
Wavenum ber

Figure 3.6: FT-IR spectrum of Ethyl 4-amino benzoate (14)

IR (KBr) cm™: 3400.09 (N-H str.), 2927.86 (C-H-str., aliphatic), 1722.67 (-C=0 str., ester),
1440.57 (-C=C- str. aromatic), 1174.90 (C-O str.), 833.84(-C-Cl str.).

'H NMR (CDCls3) & (ppm):0.97-1.71 (m, 18H, aliphatic protons), 5.40-5.41 (S, 1H, HC=C-
AR), 7.26-8.04 (m, aromatic protons) and 9.18--9.50 (br, 2H, NH protons).

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



YTransmittance

ijppr.humanjournals.com

3.4. Synthesis of Methyl 4-amino benzoate (15)

55= sample(2)
50—
45—

40-

698.23

35—

%Transmittance

30—

498.35

618.75

25=

a51.14

842,40

20-

1173.36
77055

1441.38
14209
1311.55

15—

1 LT T T T T O T L T T T O S S T T T T SO T T H S S S T T T S S SO T S S T N H S S S T (S S T E T S S T A ST IS SR A I BTSRRI |
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 4
Wavenumber

Figure 3.7: FT- IR spectrum p-aminobenzoic acid (13)

IR (KBr) cm™: 3460.05 (N-H str.), 3363.16 (O-H str., -COOH), 1664.99 (-C=0 str.,
carboxylic), 1600 (C=C str., aromatic) and 1127.75 — 1311.55 (C-O str., carboxylic).

sample(2)
30—

25—

20~

5—

e
600 40

a-

T S T O S S S S S S O S S I ST B SRR RS
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 80
Wavenumber

Figure 3.8: FT-IR spectrum of Methyl 4-amino benzoate (15)

IR (KBr) cm™: 3466.63 (N-H str.), 3370.30 (O-H str., -COOH), 3032.59 (C-H str.,
aromatic), 2948.37 (-C-H str., aliphatic), 1682.25 (-C=0O str., ester), 1600 (C=C str.,
aromatic) and 1120.76 — 1315.42 (C-O str., carboxylic). Yield:89. 67%.
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3.4.1 Synthesis of Polydichlorophosphazenes (12)

% Transmittance

| sample(2)

T T S S T S S S S S S S B S I R
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 4
Wavenumber

Figure 3.9: FT-IR Spectrum of dichloropolyphosphazenes (12)

IR (KBr) cm?: 1218 (P=N str.).3.4.2 Synthesis of Polymer-Drug Conjugates of

Lumefantrine substituted with methyl 4-aminobenzoate 16 (MDA-1)

PoTransmittance

s
@
T
™
o
o

il

BIOO.E3
Za3s5.01

T T T T O T I T A T T [ T T AR S S AT T O O A oo ba oo b b [
W00 00 M0 00 00 200 200 200 200 2000 800 1600 400 1200 1000 800 00 4
Wavenumber

Figure 3.10: FT-IR spectrum of Polymer-Drug Conjugates of Lumefantrine substituted
with Methyl 4-aminobenzoate 16 (PDA 1)
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IR (KBr) cm™: 3399.63 (N-H str.), 2935.01 (C-H str., aliphatic), 2874.67 (C-H str. PEG),
1723.51 (-C=0 str., ester), 1640.73 (-C=C- str. alkene) and 1462.40 (-C=C- str. aromatic),
1281.98 (-P=N- str.), 1168.53(C-O str.), 1065 (C-O str. PEG) and 801.01(-C-ClI str.).Yield:
92%.

'H NMR (CDCI3) & (ppm):0.85-1.94 (m, aliphatic protons), 2.02-2.53 (m, benzylic proton
of lumefantrine), 3.14-3.84 (m, oxymethyl protons of PEG), 4.06-4.39 (m, NH protons), 7.41-
8.44 (m, aromatic protons).

3.5 Synthesis of Glycine methyl ester hydrochlorides (18)

GLY (2)
30-

25

20-

2019.60
1922.52

2136.46

% Transmittance
=
3032.70
2675.53
101360
063 64
619.61

324568
204534
1917.9
1074 64
B36.92
THH.61
698 06

o
o

3465.36
1437.21
1121.33

-
o
@
I

1681.85
1176.25

S
S
a1
~a

3360 55

1601.98

T T T T S ST S T S S T O S T S S R S S S S S R I SR I SRR |
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 1
Wavenum ber

Figure 3.11: FT-IR Spectrum of Glycine methyl ester (18)

IR (KBr) cm™: 3465.36 (N-H str.), 2949.34 (C-H str., aliphatic), 1681.85 (-C=0 str., ester)
and 1121.33 (C-O str.). Yield: 90.34%

3.5.1Synthesis of Polymer-Drug Conjugates of Lumefantrine substituted with Glycine
methyl ester 19 (PDA-2)

Polymer polydichlorophosphazene (12) (0.094 g) (0.00081 moles) was dissolved in dry
tetrahydrofuran (100 ml) and placed in round bottom flask. The compound 14 (0.5 g)
(0.00081 moles) was transferred into thepolymer solution. Triethylamine (10.0 ml) and PEG
200 (0.1 ml) was added into the polymer solution. Thereafter, glycine methyl ester (18)(0.050
g) (0.0004 moles) was transferred to polymer solution. The reaction mixture was refluxed for
170 hr After refluxing, the solution was cooled at room temperature and the filtrate was
concentrated under reduced pressure to yield the final product. The product was dried under

vacuum desiccator for 2 days. Yield: 87%
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Figure 3.12: FT- IR Spectra of Polymer-Drug Conjugate of Lumefantrine substituted
with Glycine methyl ester 19 (PDA 2)

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



ijppr.humanjournals.com

IR (KBr) cm™: 3402.84 (N-H str.), 2925.31 (C-H str., aliphatic), 2873.79 (C-H str. PEG),
1724.65 (-C=0 str., ester), 1634.64 (-C=C- str. alkene), 1464.43 (-C=C- str. aromatic),
1251.41 (-P=N- str.), 1090.95(C-O str.), 1065.38 (C-O str. PEG) and 949.17(-C-ClI
str.).Yield: 87%.

'H NMR (CDCls) & (ppm):0.67-1.71 (m, aliphatic protons of lumefantrine & glycine), 2.03-
2.52 (m, benzylic protons of lumefantrine), 3.00-3.99 (m, oxymethyl protons of PEG), 4.01-
4.38 (N-H protons of aromatic & glycine moiety), 7.31-7.63 (m, aromatic protons).

3.6 Synthesis of Glycine ethyl ester hydrochlorides (20)

Thionyl chloride (1.4 ml) was added to ethanol (100.0 ml) slowly at 0 °C. Glycine (17) (2.0
g) was added to solution. The resulting mixture was refluxed for 8-10 hr at ambient
temperature. Solvent was evaporated and the residue was triturated with ether at 0 °C until
excess dimethylsulphite was removed. The crude product was crystallized from methanol
andether at 0 °C to get pure Glycine ethyl ester hydrochloride (20).Yield: 94.34%(Rameshet
al., 2008).

socl
H,N—CH,—COOH ————2 3= H,NCH,COOCH,CHj3.HCl
CH,CH,OH
(17) (20)

30-
GLY ETHYLESTER
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Figure 3.13: FT-IR Spectrum of Glycine ethyl ester (20)

IR (KBr) cm™: 3474.07 (N-H str.), 2975.15 (C-H str., aliphatic), 1745.42 (-C=0 str., ester),
1129.95 (C-O str.). Yield: 94.34%
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3.6.1 Synthesis of Polymer-Drug Conjugates of Lumefantrine substituted with Glycine
ethyl ester 21 (PDA-3)

Polymer polydichlorophosphazene (12) (0.094 g) (0.00081 moles) was dissolved in dry
tetrahydrofuran (100 ml) and placed in round bottom flask. The compound 14 (0.5 g)
(0.00081 moles) was transferred into thepolymer solution. Triethylamine (10.0 ml) and PEG
(200) (0.1 ml) was added into the polymer solution. Thereafter, glycine ethyl ester
(20)(0.0565 g)(0.0004 moles) was transferred to polymer solution. The reaction mixture was
refluxed for 170 hr. After refluxing, the solution was cooled at room temperature and the
filtrate was concentrated under reduced pressure to yield the final product. The product was

dried under vacuum dessicator for 2 days. Yield: 85%

N(CH,CH,CH,CHy3),

H,NCH,COOCH,CH, HCI + P=N

(20) n

12)

PEG 200 | TEA/THF

NH O—PEG
P==N P=—N——
ILH O—FPEG
b
(|:OOCH2cH3
L —JImL_ _n
(21)
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Figure 3.14: FT- IR spectra of Polymer-Drug Conjugate of Lumefantrine substituted
with Glycine ethyl ester 21 (PDA 3)

IR (KBr) cm™: 3388.54 (N-H str.), 2935.64 (C-H str., aliphatic), 2874.92 (C-H str. PEG),
1724.60 (-C=0 str., ester), 1630.61 (-C=C- str. alkene), 1468.05 (-C=C- str. aromatic),
1242.12 (-P=N- str.), 1168.29(C-O str.), 1066.29 (C-O str. PEG) and 802.87(-C-ClI
str.).Yield: 85%.

'H NMR (CDClz3) & (ppm):0.85-1.91 (m, aliphatic protons), 2.02-2.53 (m, benzylic protons
of lumefantrine), 3.02-3.73 (m, oxymethyl protons of PEG), 4.35-4.38 (m, NH protons) and
7.38-8.49 (m, aromatic protons).

3.7 Synthesis of Anilino substituted Polymer-Drug Conjugates23 (PDA-4)

polymer (polydichlorophosphazene) (12) (0.094 g)(0.00081 moles) was dissolved in dry
tetrahydrofuran (100 ml) and placed in round bottom flask. The compound 14 (0.5 g)
(0.00081 moles) was transferred into the polymer solution. Triethylamine (10.0 ml) and PEG
(200) (0.1 ml) was added into the polymer solution. Thereafter, Aniline (22)(0.1 ml) was
transferred to polymer solution. The reaction mixture was refluxed for 72 hr.
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N(CH,CH,CH,CH3),
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22)
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PEG 200 | TEA/THF

After refluxing the solution was cooled at room temperature and the filtrate was concentrated

under reduced pressure to yield the final product. The product was dried under vacuum
desiccator for 2 days. Yield: 89%.

(23)

O—PEG

O—PEG

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



ijppr.humanjournals.com

@ o
© o
o =
=] -+
@ -+

=
3373093
2056030
2029.33
28608.08
109212
107208

L T T T T e T T T T T T T T T B T T O T T T T T T O T T O O T S S O SO T T T T S S S T S S A N B TN |
3800 3600 3400 3200 3000 2800 2600 2400 200 2000 1800 1600 1400 1200 1000 800 600 4
Wavenumber F

igure 3.15 : FT- IR Spectra of Anilino substituted Polymer-Drug Conjugates 23 (PDA 4)

IR (KBr) cm™: 3373.93 (N-H str.), 2950.30 (C-H str., aliphatic), 2868.08 (C-H str. PEG),
1722.48 (-C=0 str., ester), 1600.69 (-C=C- str. alkene), 1440.22 (-C=C- str. aromatic),
1264.49 (-P=N- str.), 1092.12 (C-O str.), 1072.08 (C-O str. PEG) and 885.34(-C-ClI
str.).Yield: 88%.

'H NMR (CDCl3) & (ppm):0.85-1.99 (m, aliphatic protons of lumefantrine), 2.06-2.74 (m,
benzylic protons of lumefantrine), 3.03-3.99 (m, oxymethyl protons of PEG), 4.01-4.65 (m,
NH protons) and 6.60-7.70 (m, aromatic protons).

3.8 Percent Drug Content

The percent drug content of Lumefantrine was determined by adding 5.0 mg of Polymer-
Drug Conjugates in 10.0 ml of Methanol. The solution was centrifuged for 15 min. at 2000
rpm.The absorbance of each solution was measured spectrophotometrically at Amax 234 nm.
The percent drug content of Lumefantrine was found to be 90.19%, 86.21%, 84.27%, and
87.53% in conjugates (Methyl 4-amino benzoate substituted polymer-drug conjugate, glycine
methyl ester substituted polymer-drug conjugate, glycine ethyl ester substituted polymer-drug
conjugate, and Anilino substituted Polymer-Drug Conjugate, respectively) as shown in Table
3.7. The Lumefantrine was found to be uniformly distributed in the Polymer-Drug

Conjugates.
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Table 3.7: Percent (%) Drug content of Polymer-Drug Conjugates of Lumefantrine

) ) Percentage (%) Drug
S.No. | Polymer-Drug Conjugates of Lumefantrine
Content

Methyl 4-amino benzoate substituted polymer-
1. _ 90.19%
drug conjugates16 (PDA-1)

Glycine methyl estersubstituted polymer-drug
2. _ 86.21%
conjugates19 (PDA-2)

Glycine ethyl estersubstituted polymer-drug
3. _ 84.87%
conjugates21 (PDA-3)

Anilino substituted polymer-drug Conjugates23
4. 87.53%
(PDA-4)

219 90.19%
90 -
89 -

88 - 87.53%

| 86.21%
| 84.87% m % DRUG CONTENT
85 -
84 -
83 -
82 T | |

KTS-1 KTS-2 KTS-3 KTS-4

% Drug Content
co co
(o)} ~l

Polymer Drug Conjugates of Lumefantrine

Figure 3.16: Percent Drug Content of Polymer-Drug Conjugates of Lumefantrine
3.9 In vitro Drug Release Studies

The release study of Polymer-Drug Conjugates (Methyl 4-amino benzoate substituted
polymer-drug conjugates 16 (PDA-1), glycine methyl ester substituted polymer-drug
conjugates 19 (PDA-2), glycine ethyl ester substituted polymer-drug conjugates 21 (PDA-3),
and Anilino substituted polymer-drug conjugates23 (PDA-4) were carried outby using
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Dialysis bag membrane having pore size 2.4 nm and a molecular weight cut off 12000-14000
Dalton (HiMedia, India). The beaker was placed on a magnetic stirrer at 37 °C at 100 rpm
with hot plate using receptor medium. Phosphate buffer solution pH 7.4, pH 6.8 and 0.1N
HCI (pH 1.2) were used as recepter medium and during the release study and maintained sink
condition at different interval of time. Table 3.8, Table 3.9 and Table 3.10 shows the
cumulative percent release of polymer linked Lumefantrine conjugates in 0.1N HCI (pH
1.2),Phosphate buffer solution pH 7.4, Phosphate buffer solution pH 6.8, respectively. Figure
3.17, Figure 3.18,Figure 3.19,Figure 3.20,Figure 3.21 and Figure 3.22 showed the
cumulative percent drug release and comparison of cumulative percent release of Polymer-
linked Lumefantrine conjugates in 0.1 N HCI (pH 1.2),Phosphate buffer solution pH 7.4 and
Phosphate buffer solution pH 6.8, respectively.

Table 3.8: Cumulative percent release of polymer-linked Lumefantrine conjugates in
0.1IN HCI (pH 1.2).

Time(hrs) | Cumulative % Release

PDA 1 (16) PDA 2 (19) PDA 3 (21) PDA 4 (23)
0 0 0 0 0
1 0.394+0.004 0.161+0.003 0.101+0.004 0.281+0.005
2 0.984+0.003 0.800+0.005 0.682+0.003 0.882+0.003
4 2.924+0.006 3.360+0.007 2.702+0.007 2.922+0.001
8 6.184+0.010 6.032+0.009 5.982+0.010 6.082+0.009

6{ PDA1(0.1 N HCI ” o{ PDA20INHC) _a

Cumulative % Release
N
L
Cumulative % Release
N

0 2 4 6 8 10 04 T T T T 1
. 0 2 4 6 8 10
Time (hr) .
Time (hr)

(A) (B)
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Figure 3.17: cumulative Percent release of polymer-linked Lumefantrine conjugates:
PDA-1 (A), PDA-2 (B), PDA-3 (C) & PDA-4 (D) in 0.1N HCI (pH 1.2).

10

Figure 3.18: Comparison between cumulative Percent release of polymer-linked
Lumefantrine conjugatesPDA-1, PDA-2, PDA-3 & PDA-4in 0.1 N HCI (pH 1.2)
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phosphate buffer solution pH 6.8.

Time(hrs) | Cumulative % Release

PDA 1 (16) PDA 2 (19) PDA 3 (21) PDA 4 (23)
0 0 0 0 0
1 0.779+0.006 0.699+0.007 0.588+0.005 0.705+0.006
2 1.93+0.009 1.86+0.009 1.83+0.007 1.95+0.008
4 8.79+0.005 7.52+0.005 7.29%0.009 8.41+0.010
8 24.75%0.007 20.10+0.010 18.87+0.010 22.39+0.015
12 35.53+0.010 29.28+0.015 26.65+0.020 30.17+0.018
24 56.75+0.015 50.50+0.019 47.87+0.026 54.79+0.024
48 79.33+0.025 73.08+0.020 70.45+0.03 77.37+0.028
72 89.95+0.033 83.86+0.026 80.83+0.031 86.79+0.033

Table 3.10: Goodness of fit for the Comparison of Mechanism of Release of Polymer-

linked Lumefantrine Conjugates (Phosphate buffer pH 7.4)

Polymer Drug ]
i First Order | ) Korsmeyer and
conjugates of Zero Order Higuchian
: peppas
Lumefantrine
r? r? r? n r?
PDAl 0.998 0.989 0.987 1.33 0.973
PDA2 0.989 0.987 0.976 1.41 0.974
PDA3 0.987 0.983 0.971 1.48 0.971
PDA4 0.989 0.986 0.983 1.41 0.974
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Table 3.11: Goodness of fit for the Comparison of Mechanism of Release of Polymer-

linked Lumefantrine Conjugates (Phosphate buffer pH 6.8).

Polymer Drug Zero ) ) ]
i First Order | Higuchian | Korsmeyer and peppas
conjugates of Order

Lumefantrine

r? r? r? n r2
PDA1 0.997 0.988 0.988 1.43 0.969
PDA2 0.987 0.985 0.984 1.40 0.976
PDA3 0.980 0.981 0.982 1.42 0.974
PDA4 0.984 0.986 0.985 1.42 0.973

4. Conclusion

Malaria is the most fatal human parasitic infection and remains a major health problem and
affects more than 400 million individuals, causing approximately 2 million deaths each year.
Plasmodium falciparum is the most common causative parasite of malaria. Many antimalarial
drugs which are in clinical use have liver toxicity and developed drug resistance. Therefore,
taking into consideration the emergence of drug-resistant strains of malarial parasite, it was
considered of interest to evolve antimalarial drug delivery system which will not lead to drug-
resistance and in addition should be more effective on account of multi-targeted specificity

against the malarial parasites located in blood, liver and brain.

The present study pertains to the delivery of antimalarial drug (Lumefantrine). In this
approach, polyphosphazene has been used as polymeric backbondin the synthesis of
polyphosphazene-linked conjugates of Lumefantrine. These polymer-linked conjugates have
been synthesized and characterized by sophsticated modern analytical techniques such as
U.V., LR, *H-NMR. Theirin-vitro release studies have been carried out in the phosphate
buffer solution having pH 7.4, pH 6.8 and pH 1.2. The polymer-linked conjugates of
Lumefantrine viz.Methyl 4-aminobenzoate substituted polyphosphazene(16), Glycine methyl
ester substituted polyphosphazene(19), Glycine ethyl ester substituted polyphosphazene(21)
and Anilino substituted polyphosphazene drug conjugates (23) have been found to have drug
content 90.19%, 86.21%, 84.87% and 87.53%, respectively.

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



ijppr.humanjournals.com

REFERENCES:

1. Abu-Raddad LJ, Patnaik P, Kublin JG. Dual infection with HIV and malaria fuels the spread of both diseases
in sub-Saharan Africa. Science. 2022 Dec 8;314(5805):1603-6.

2. Foley M, Tilley L. Home improvements: malaria and the red blood cell. Parasitology Today. 2021 Nov
1;11(11):436-9.

3. Grau GE, De Kossodo S. Cerebral malaria: mediators, mechanical obstruction or more?. Parasitology Today
(Personal ed.). 2020 Oct 1;10(10):408-9.

4. Nwaka S, Hudson A. Innovative lead discovery strategies for tropical diseases. Nature Reviews Drug
Discovery. 2022 Nov;5(11):941-55.

5. Sinha S, Medhi B, Sehgal R. Challenges of drug-resistant malaria. Parasite. 2014;21.

6. White NJ. Qinghaosu (artemisinin): the price of success. Science. 2008 Apr 18;320(5874):330-4.

7. Aregawi M, Cibulskis RE, Otten M, Williams R. World malaria report 2009. World Health Organization;
2009.

8. World Health Organization. Antimalarial drug combination therapy. Report of a WHO technical
consultation. Geneva: World Health Organization. 2001 Apr 4;33.

9. Vial H, Taramelli D, Boulton IC, Ward SA, Doerig C, Chibale K. CRIMALDDI: platform technologies and
novel anti-malarial drug targets. Malaria journal. 2013 Dec;12(1):1-1.

10.Sherling ES, Knuepfer E, Brzostowski JA, Miller LH, Blackman MJ, van Ooij C. The Plasmodium
falciparum rhoptry protein RhopH3 plays essential roles in host cell invasion and nutrient uptake. Elife. 2017;6.
11.Tripathi KD. Essentials of medical pharmacology, Jaypee Brothers. Med Pub Ltd New Delhi Edn.
2003;5(93):4.

12.Baird JK, Hoffman SL. Primaquine therapy for malaria. Clinical infectious diseases. 2004 Nov
1;39(9):1336-45.

13.Vale N, Moreira R, Gomes P. Primaquine revisited six decades after its discovery. European journal of
medicinal chemistry. 2009 Mar 1;44(3):937-53.

14.Fernando SD, Rodrigo C, Rajapakse S. Chemoprophylaxis in malaria: drugs, evidence of efficacy and costs.
Asian Pacific Journal of Tropical Medicine. 2011 Apr 1;4(4):330-6.

15.Hill DR, Baird JK, Parise ME, Lewis LS, Ryan ET, Magill AJ. Primaquine: report from CDC expert meeting
on malaria chemoprophylaxis I.

16. Whirl-Carrillo M, McDonagh EM, Hebert JM, Gong L, Sangkuhl K, Thorn CF, Altman RB, Klein TE.
Pharmacogenomics knowledge for personalized medicine. Clinical Pharmacology & Therapeutics. 2012
Oct;92(4):414-7.

17.Blazquez AG, Fernandez-Dolon M, Sanchez-Vicente L, Maestre AD, Gomez-San Miguel AB, Alvarez M,
Serrano MA, Jansen H, Efferth T, Marin JJ, Romero MR. Novel artemisinin derivatives with potential
usefulness against liver/colon cancer and viral hepatitis. Bioorganic & medicinal chemistry. 2013 Jul
15;21(14):4432-41.

18.Efferth T, Romero MR, Wolf DG, Stamminger T, Marin JJ, Marschall M. The antiviral activities of
artemisinin and artesunate. Clinical infectious diseases. 2008 Sep 15;47(6):804-11

19.Loo CS, Lam NS, Yu D, Su XZ, Lu F. Artemisinin and its derivatives in treating protozoan infections
beyond malaria. Pharmacological research. 2017 Mar 1;117: 192-217.

20. Mutabingwa TK. Artemisinin-based combination therapies (ACTSs): best hope for malaria treatment but
inaccessible to the needy!. Acta tropica. 2005 Sep 1;95(3):305-15.

21.0kell LC, Cairns M, Griffin JT, Ferguson NM, Tarning J, Jagoe G, Hugo P, Baker M, D’Alessandro U,
Bousema T, Ubben D. Contrasting benefits of different artemisinin combination therapies as first-line malaria
treatments using model-based cost-effectiveness analysis. Nature communications. 2014 Nov 26;5(1):1-1.
22.Medhi B, Patyar S, Rao RS, Ds PB, Prakash A. Pharmacokinetic and toxicological profile of artemisinin
compounds: an update. Pharmacology. 2009;84(6):323-32.

23.Qin Y, Jatamunua F, Zhang J, Li Y, Han Y, Zou N, Shan J, Jiang Y, Pan C. Analysis of sulfonamides,
tilmicosin and avermectins residues in typical animal matrices with multi-plug filtration cleanup by liquid
chromatography—-tandem mass spectrometry detection. Journal of Chromatography B. 2017 May 15; 1053: 27-
33.

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



ijppr.humanjournals.com

24.White NJ, van Vugt M, Ezzet FD. Clinical pharmacokinetics and pharmacodynamics of artemether-
lumefantrine. Clinical pharmacokinetics. 1999 Aug;37(2):105-25.

25.Hartwig CL, Rosenthal AS, D’Angelo J, Griffin CE, Posner GH, Cooper RA. Accumulation of artemisinin
trioxane derivatives within neutral lipids of Plasmodium falciparum malaria parasites is endoperoxide-
dependent. Biochemical pharmacology. 2009 Feb 1;77(3):322-36.

26.Hudson AT, Randall AW, Fry M, Ginger CD, Hill B, Latter VS, McHardy N, Williams RB. Novel anti-
malarial hydroxynaphthoquinones with potent broad spectrum anti-protozoal activity. Parasitology. 1985
Feb;90(1):45-55.

27.Toovey S, Jamieson A, Nettleton G. Successful co-artemether (artemether—lumefantrine) clearance of
falciparum malaria in a patient with severe cholera in Mozambique. Travel medicine and infectious disease.
2003 Aug 1;1(3):177-9.

28.Sisowath C, Petersen I, Veiga MI, Martensson A, Premji Z, Bjoérkman A, Fidock DA, Gil JP. In vivo
selection of Plasmodium falciparum parasites carrying the chloroquine-susceptible pfcrt K76 allele after
treatment with artemether-lumefantrine in Africa. The Journal of Infectious Diseases. 2009 Mar 1;199(5):750-7.
29.Dennis E, Peoples VA, Johnson F, Bibbs RK, Topps D, Bopda-Waffo A, Coats MT. Ultilizing
nanotechnology to combat malaria. Journal of Infectious Diseases & Therapy. 2015 Aug 25.

30.Putnam D, Kopecek J. Polymer conjugates with anticancer activity. Biopolymers Ii. 1995:55-123.
31.Honeyman CH, Manners |, Morrissey CT, Allcock HR. Ambient temperature synthesis of poly
(dichlorophosphazene) with molecular weight control. Journal of the American Chemical Society. 1995
Jul;117(26):7035-6.

32.Lakshmi S, Katti DS, Laurencin CT. Biodegradable polyphosphazene for drug delivery applications.
Advanced drug delivery reviews. 2003 Apr 25;55(4):467-82.

33.Song SC, Sohn YS. Synthesis and hydrolytic properties of polyphosphazene/(diamine) platinum/saccharide
conjugates. Journal of controlled release. 1998 Nov 13;55(2-3):161-70.

34.mondiale de la Santé O. The world health report 1997. Conquering suffering, enriching humanity.
35.Vekemans J. Major global vaccine challenges: Recent progress in malaria vaccine development. The
Vaccine Book. 2016 Jan 1:385-99.

36.White NJ. The treatment of malaria. New England journal of medicine. 1996 Sep 12;335(11):800-6.
37.Jerrard DA, Broder JS, Hanna JR, Colletti JE, Grundmann KA, Geroff AJ, Mattu A. Malaria: a rising
incidence in the United States. The Journal of Emergency Medicine. 2002 Jul 1;23(1):23-33.

38.Martinelli A, Rodrigues LA, Cravo P. Plasmodium chabaudi: efficacy of artemisinin+ curcumin combination
treatment on a clone selected for artemisinin resistance in mice. Experimental parasitology. 2008 Jun
1;119(2):304-7.

39.54 JM, Twu O, Hayton K, Reyes S, Fay MP, Ringwald P, Wellems TE. Geographic patterns of Plasmodium
falciparum drug resistance distinguished by differential responses to amodiaquine and chloroquine. Proceedings
of the National Academy of Sciences. 2009 Nov 10;106(45):18883-9.

40.Prasad RN, Prasad H, Virk KJ, Sharma VP. Application of a simplified in-vivo test system for determining
chloroquine resistance in Plasmodium falciparum. Bulletin of the World Health Organization. 1990;68(6):755.
41.Zhang Y, Mi JY, Rui YJ, Xu YL, Wang W. Stem cell therapy for the treatment of parasitic infections: is it
far away?. Parasitology Research. 2020 Feb;113(2):607-12.

42.Rosenthal PJ, Wollish WS, Palmer JT, Rasnick D. Antimalarial effects of peptide inhibitors of a Plasmodium
falciparum cysteine proteinase. The Journal of Clinical Investigation. 1991 Nov 1;88(5):1467-72.

43.Neda D, Dariush N, Mohsen C, Hassan ES, Mohammadreza MS, Ali F, Akbarzadeh A. Effect of artemisinin
liposome and artemisinin liposome polyethyleneglycol on MCF-7 cell line. Int. J. Life Sci. Biotechnol. Pharm.
Res. 2013;2:349-55.

44.Bhadra D, Yadav AK, Bhadra S, Jain NK. Glycodendrimeric nanoparticulate carriers of primaquine
phosphate for liver targeting. International journal of pharmaceutics. 2005 May 13;295(1-2):221-33.
45.Crompton PD, Pierce SK, Miller LH. Advances and challenges in malaria vaccine development. The Journal
of Clinical Investigation. 2010 Dec 1;120(12):4168-78.

46.Sauerwein RW, Bousema T. Transmission blocking malaria vaccines: Assays and candidates in clinical
development. Vaccine. 2015 Dec 22;33(52):7476-82.

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



ijppr.humanjournals.com

47.Draper SJ, Angov E, Horii T, Miller LH, Srinivasan P, Theisen M, Biswas S. Recent advances in
recombinant protein-based malaria vaccines. Vaccine. 2015 Dec 22;33(52):7433-43.

48.Birkett AJ. Status of vaccine research and development of vaccines for malaria. Vaccine. 2016 Jun
3;34(26):2915-20.

49.Gilbert SC, Hill AV. Protein particle vaccines against malaria. Parasitology Today. 1997 Aug 1;13(8):302-6.
50.Abdulla S, Oberholzer R, Juma O, Kubhoja S, Machera F, Membi C, Omari S, Urassa A, Mshinda H,
Jumanne A, Salim N. Safety and immunogenicity of RTS, S/AS02D malaria vaccine in infants. New England
Journal of Medicine. 2008 Dec 11;359(24):2533-44.

51.RTS, S. "Clinical Trials Partnership, Agnandji ST, Lell B, Fernandes JF, Abossolo BP, Methogo BG,
Kabwende AL, Adegnika AA, Mordmuller B, Issifou S, Kremsner PG, Sacarlal J, Aide P, Lanaspa M, Aponte
JJ, Machevo S, Acacio S, Bulo H, Sigauque B, Macete E, Alonso P, Abdulla S, Salim N, Minja R, Mpina M,
Ahmed S, Ali AM, Mtoro AT, Hamad AS, Mutani P, Tanner M, Tinto H, D’ Alessandro U, Sorgho H, Valea I,
Bihoun B, Guiraud I, Kabore B, Sombie O, Guiguemde RT, Ouedraogo JB, Hamel MJ, Kariuki S, Oneko M,
Odero C ...." N Engl J Med 367 (2012): 2284-2295.

52.Girard MP, Reed ZH, Friede M, Kieny MP. A review of human vaccine research and development: malaria.
Vaccine. 2007 Feb 19;25(9):1567-80.

53.Sharma R, Rawal RK, Malhotra M, Sharma AK, Bhardwaj TR. Design, synthesis and ex-vivo release studies
of colon-specific polyphosphazene—anticancer drug conjugates. Bioorganic & Medicinal Chemistry. 2014 Feb
1;22(3):1104-14.

54.Devadoss E, Nair CP. Poly (organophosphates). Some aspects of synthesis, catalysis and characterization.
Die Makromolekulare Chemie. 1982 Nov 19;183(11):2645-56.

55.Chun C, Lee SM, Kim CW, Hong KY, Kim SY, Yang HK, Song SC. Doxorubicin—polyphosphazene
conjugate hydrogels for locally controlled delivery of cancer therapeutics. Biomaterials. 2009 Sep
1;30(27):4752-62.

Citation: Pallavi Sharma et al. Ijppr.Human, 2023; Vol. 28 (3): 26-55.



