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Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacılık Bülteni” 
which was first published in 1953 by Prof. Dr. Kasım Cemal GÜVEN’s editor-
ship. At that time, “Eczacılık Bülteni” hosted scientific papers from the School of 
Medicine-Pharmacy at Istanbul University, Turkey.

In 1984, the name of the journal was changed to “Acta Pharmaceutica Turcica” 
and it became a journal for national and international manuscripts, in all fields 
of pharmaceutical sciences in both English and Turkish. (1984-1995, edited by 
Prof. Dr. Kasım Cemal GÜVEN, 1995-2001, edited by Prof. Dr. Erden GÜLER, 
2002-2011, edited by Prof. Dr. Kasım Cemal GÜVEN)

Since 2006, the journal has been published only in English with the name, “Acta 
Pharmaceutica Sciencia” which represents internationally accepted high-level 
scientific standards. The journal has been published quarterly except for an in-
terval from 2002 to 2009 in which its issues were released at intervals of four 
months. The publication was also temporarily discontinued at the end of 2011 
but since 2016, Acta Pharmaceutica Sciencia has continued publication with the 
reestablished Editorial Board and also with the support of you as precious sci-
entists.

Yours Faithfully

Prof. Dr. Şeref DEMİRAYAK

Editor
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INTRODUCTION

Excipient functionality has been expanded by direct compression process and the 
need to use high-speed equipment in tablet manufacturing. The increase in the 
speed of tableting machinery requires the use of excipients that can offer high 
weight consistency and good compressibility1. In addition, new drug moieties with 
unpredictable physicochemical and stability properties are constantly being in-
troduced and existing adjuvants like microcrystalline cellulose loses compaction 

ABSTRACT

The objective of this study was to harness the excipient potential of date mucilage 
by co-grinding and co-fusing with avicel for enhanced performance in the direct-
compression of metronidazole.
Co-grinding and co-fusing of parent polymers were done using established meth-
ods and excipients were used in the direct-compression of metronidazole tablets.
The shape and surface morphology of the particles of date mucilage (DAM) and 
co-processed excipients were generally granular, rough and irregular. There was 
a significant improvement in the disintegration of tablets prepared using the co-
processed excipients in comparison to that prepared using DAM alone. The disin-
tegration time for tablets prepared using co-fused excipients was lower than that 
of co-grinded additives although the differences were not significant (p > 0.05).
Generally, the co-processed excipients improved the mechanical and disintegra-
tion properties of the tablets produced compared to tablets prepared using DAM 
alone and could be further developed as direct-compression excipients.
Keywords: Date mucilage, avicel, co-processing, metronidazole tablets.
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upon wet granulation and demonstrates poor die filling as a result of agglomera-
tion2. There is therefore a need to search for newer excipients or prepare novel 
ones from existing forms. Furthermore, direct compression is the preferred meth-
od for the preparation of tablets due to reduced processing steps, faster process-
ing, usefulness for substances having high moisture sensitivity and cost3. 

One of the methods of obtaining functional excipients having direct-compression 
properties with inherent ability to demonstrate the properties of two or more 
excipients is co-processing. IPEC4 has described a co-processed additive as any 
excipient obtained by combining two or more materials together using physical 
methods to modify their properties without any chemical alteration. The starting 
materials may be compendia or non-compendia excipients. Co-processed excipi-
ents are prepared by incorporating one excipient into the particle structure of an-
other, using processes such as co-drying, co-grinding and co-fusion. Co-processing 
is involved with particle manipulation of two or more existing excipients in which 
the interaction occurs at sub-particulate level yielding simple physical mixtures 
and no chemical changes are expected to occur5. A synergy is obtained between 
the particles of the participant excipients with ultimate functionality improve-
ments, concealing undesirable properties5. Co-processing has been found to be 
easy, cost-effective and has also been used to improve stability, wettability, solu-
bility and gelling properties of food and pharmaceutical excipients6. For example, 
Cellactose® is a co-processed product from the combination of cellulose (25 %) 
and lactose monohydrate (75 %); it has good flowability and good compactibility. 
The compactibility has been attributed to a synergistic effect of consolidation by 
fragmentation of lactose and plastic deformation of cellulose7. It has been pointed 
out that cellactose® exhibits dual consolidation behaviour since it contains a frag-
menting component (lactose) and a substance (cellulose) that consolidates mainly 
by plastic deformation8. Furthermore, co-processed excipients find application in 
drug delivery systems by enhancing the pharmaceutical properties of the dosage 
forms such as accurate dosing hence improving therapeutic efficacy and further 
patient compliance9. 

Phoenix dactylifera popularly known as date (also called Nakhla and ‘tree of life’ 
by the Arabs, Nigerian local name in Hausa-Dabino) is a member of the palm 
family Arecaceae or Palmae10. It has been reported that date palm has its origin 
in countries with a coastline on the Persian Gulf such as Kuwait, Omar, Qatar, 
Bahrain, Iraq, Saudi Arabia and UAE11.

The date palm (Phoenix dactylifera L.) is one of the oldest cultivated fruit trees 
and has been used as staple food in the Middle East for over 6000 years12. Dates 
and their constituents show a role in the prevention of diseases through anti-oxi-
dant13, anti-inflammatory and anti-bacterial activity14. Rahmani et al., also report-
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ed the therapeutic effects of date fruits in the prevention of cancer via modulation 
of anti-tumour activity15. Dates can be classified as foods with low glycaemic index 
most likely due to the high amount of fructose16. This has made date fruit a use-
ful aid in diabetic management and its use has been reported to reduce HbA1c16. 
Phoenix dactylifera is known to contain high concentration of polysaccharides, 
proteins, fats and edible fibre17. 

The presence of polysaccharides, safety, availability and usefulness as food has 
made dates to be of interest in excipient development for pharmaceuticals. Ngwu-
luka et al., studied the binding potentials of the dried and milled pulp of the fruit18 
but the excipient potentials of date fruit mucilage have remained largely unhar-
nessed. Mucilage is the polymeric slimy material which is a normal product of 
cell wall and is readily available in certain fruits. Ajala et al., studied the binding 
potentials of Chrysophylum albidum fruit mucilage and reported that it induces 
faster onset of plastic deformation and higher amount of total plastic deformation 
but produced tablets with lower tensile strength and faster drug release proper-
ties than methylcellulose19. In this study, the mucilage of date fruit was extracted 
and purified by established methods20 and preliminary studies on the tableted 
mucilage showed very hard tablets with disintegration times greater than 1 h. Co-
processing of this novel mucilage with microcrystalline cellulose was explored 
using co-grinding and co-fusion methods in order to improve the disintegration 
properties. The products of the co-processing techniques were then used for direct 
compression of metronidazole tablets.

METHODOLOGY

Materials

Metronidazole powder was obtained from Suixian Hengtai Biotechnology Co., 
Ltd. China Mainland; Microcrystalline cellulose (Avicel® PH-101) was obtained 
from FPC Bio polymer, USA; all other reagents were of analytical grade.

Extraction and purification of mucilage from dried date fruits

The method of Ajala et al, was used with modification19. Dried fruits of Phoenix 
dactylifera were deseeded, cut into pieces and soaked in chloroform-water Dou-
ble Strength for 36 h. This was then sieved with a muslin cloth to remove the ex-
traneous matter. Ethanol (90 %v/v) was then used to precipitate the mucilage and 
further purification was done using di-ethyl ether. The mucilage was then dried at 
40 ºC in a hot air oven and coded DAM i.e. date mucilage. 

Co-processing of excipients

The co-excipients were prepared using two methods (co-grinding and co-fusion) as 
described below: Date mucilage (DAM) and avicel® (AV) were weighed according 
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to the proportional quantities (25:75, 33:67 and 50:50) in the respective batch. The 
weighed quantities of the DAM and AV were triturated together using a porcelain 
mortar and pestle for 10 min to ensure uniform size reduction and powder mixing. 
The resulting product was further screened using a sieve of mesh size 0.25 mm 
to reduce the particle size. The method was repeated for each batch to obtain the 
co-grinded excipients and coded DAMAV. For the co-fused excipients, a weighed 
amount of DAM according to the proportions (25 %) calculated was made into a 
paste using distilled water. Appropriate quantity (75 %) of AV was also premixed 
with distilled water and added to the dispersed DAM in aliquots. The mixture was 
stirred occasionally on a water bath until a homogenous mixture was observed. 
This process was repeated for the remaining batches (33:67 and 50:50). The paste 
obtained was spread evenly on a slab and dried in a hot air oven (Model 77-9083, 
Techmel & Techmel, China) at 50 °C. It was later pulverized with mortar and pestle 
and the particle size was further reduced by using a sieve of mesh size 0.25 mm. 

Swelling capacity

Co-processed excipients (5 g) were transferred into a 50 mL measuring cylinder 
and the volume occupied was noted. Distilled water was then added gradually 
making up to 50 mL with thorough agitation for 5 min. The dispersion was al-
lowed to stand for 24 h. The sedimentation volume was measured and swelling 
capacity was calculated using equation 1. 

Swelling capacity =  V2 -V1
V1 *100				  

(V1: initial volume, V2: final volume) (1)

Determination of particle density

The particle density of the excipients was determined by the liquid-pycnometer 
method using xylene as the displacement liquid21. An empty 50 mL pycnometer 
bottle with its lid was weighed empty (W), it was then overfilled with xylene and 
covered with the lid, wiped off the excess and weighed (W1). The sample of excipi-
ent (2 g) was weighed (W3) and transferred into the pycnometer bottle, covered 
with the lid and excess xylene wiped off the surface of the bottle. This was weighed 
again (W4). The particle density was then calculated using equation 2.

Particle density =  W2*W3
50{(W3-W4)+(W2-W)}    (2)

Determination of bulk and tapped densities

The bulk density of the excipients was determined by weighing 10 g of the sample 
and transferring it at an angle of 45° through a funnel into a 100 mL glass meas-
uring cylinder with a diameter of 3.0 cm The height reached by the powder was 
recorded and the volume and density were then calculated22.  
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Bulk density = m
π r2h

	 (3)

where:

m = weight of the sample in the cylinder,

r = radius of the cylinder,

h = height of the sample in the cylinder.

The method of Reus-Medina23 was used in evaluating the tapped volume and den-
sity using a weighed quantity (10 g) of the excipients. Tapping rate was standard-
ized with 38 taps per minute and a total of 250 taps was applied to the material in 
a graduated glass cylinder. The height, h (cm) of the powder bed and the internal 
radius, r (cm) of the measuring cylinder were utilized in the computation of the 
volumes obtained. 

The Carr’s index24 and Hausner’s ratio25 were computed from the bulk and tapped 
densities using the formula below in equations below:

Carr’s index =  
Tapped density-Bulk density

Tapped density *100	     (4)

Hausner’s ratio =  Tapped volume
Bulk volume 		      (5)

Determination of angle of repose 

Weighed quantities of each excipient (5 g) were poured slowly through a funnel 
under the force of gravity to form a conical heap26. The angle of repose was then 
calculated as:

Angle of repose  h
r

(tan )= 		                     (6)

Where

h= height of powder heap

r = radius of the cylinder used.

Preparation of powder mix and tablets

Powder mixtures for tablet compression were prepared using drug-excipient ra-
tio of 1:1. The weighed quantities of excipient and metronidazole were mixed for 
5 min in a porcelain mortar. It was then transferred into screw-capped bottles 
and placed in the rotomixer (VSF3843C Forster equipment Co. Ltd, Whetstone, 
Leicester, England) for 10 min to ensure efficient mixing. 

The powder mixtures produced above were compressed into tablets using a single 
punch Carver hydraulic hand press (Model C, Carver Inc., Menomonee Falls, Wis-
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consin, USA) at different pressures. Tablets of 400 mg were compressed for 30 
secs at varying pressures using a die of 10.5 mm in diameter. Magnesium stearate 
dispersion (1 %w/v) in acetone was used to lubricate the die and punch surfaces 
before compressing the tablets. Compressed tablets were stored in a dessicator 
containing silica gel for 24 h before conducting tablet evaluation. 

Mechanical Properties

 The crushing strength-friability ratios (Cs/Fr) of the tablets were calculated from 
the values of crushing strength and friability.

The crushing strength (Cs) test was carried out using a hardness tester (MHT-100, 
Model P&M 01, Pharma Alliance Group, Indonesia). Five tablets were selected at 
random from each batch. Each tablet was placed between the anvil and the spindle 
of the hardness tester. The force at which the tablet cracked into two halves was 
then recorded, and the mean from each batch was calculated.

The friability (Fr) test for tablets was carried out using a friabilator (DBK instru-
ments, Mumbai-6, model 40FTA01, India). Ten tablets (10) were selected at ran-
dom from each batch, weighed with the aid of a weighing balance and then trans-
ferred into the drum of a friabilator. The device was operated at a speed of 25 rpm 
for 4 min. The tablets were removed, dusted, reweighed and the percentage loss 
calculated.

Disintegration time

The disintegration test was carried out using the DBK disintegration testing appa-
ratus (Type 40TDA01, India). Six tablets were selected at random from each batch 
and placed on the mesh of the disintegrating apparatus, the disintegration time 
(Dt) of the tablets was determined in distilled water at 37 ± 0.5 °C. The time taken 
for tablet to disintegrate and pass through the mesh was recorded. 

Disintegration efficiency ratio

The disintegration efficiency ratio (DER)27 for the tablets was calculated as a ratio 
of Cs, Fr and Dt as shown in the equation the equation below:

DER =      Cs/Fr
Dt 	   (7)

where

Cs: crushing strength

Fr: friability

Dt: disintegration time. 
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Compression behavior of the excipients

The compression behavior of the excipients was evaluated using Heckel equation 
and the plots of LN{1/(1-D)} versus applied pressure for co-grinded and co-fused 
excipients and the parent polymers are expressed in Figures 8 & 9 while param-
eters derived from the plots are presented in Table 5. 

Statistical analysis

Most of the tests were done in triplicate but crushing strength, friability and dis-
integration time tests had n=5, 10 and 6 respectively. The results were reported as 
mean ± SD except where values were derived by calculation like Cs/Fr and DER. 
Comparison of means were done using the students’t-test and significance levels 
determined at p < 0.05.

RESULTS AND DISCUSSION

Co-processing of date mucilage and Avicel® produced co-excipients which were 
used for direct compression of metronidazole tablets. The material properties of 
the parent polymers (date mucilage and Avicel®) and co-excipients are presented 
in Tables 1 and 2 respectively. The densities for DAM were greater than that of AV. 
Both materials had poor flow as shown from the Carr’s index and angle of repose; 
although the Hausner’s ratio for DAM seemed to show that its flow improved com-
pared to that of AV but other parameters did not confirm this. The particle den-
sity of co-grinded excipients reduced with increased amount of DAM while tapped 
density generally increased, however, bulk density showed no trend. The co-fused 
excipients showed increased pattern for bulk and tapped densities with increas-
ing quantities of DAM while the particle density showed no particular trend. The 
Carr’s index and Hausner’s ratio for both co-grinded and co-fused excipients also 
showed no particular order. In addition, DAM had significantly higher (p < 0.01) 
swelling index compared to AV. 

Table 1. Material properties of date mucilage and Avicel® used to prepare co-processed 
excipients

Parameter DAM AV

Particle density 1.307 ± 0.023 1.136 ± 0.034

Bulk density 0.571 ± 0.001 0.357 ± 0.004

Tapped density 0.634 ± 0.031 0.534 ± 0.042

Carr’s index 25.034 ± 1.203 33.180 ± 2.034

Hausner’s ratio 1.109 ± 0.233 1.496 ± 0.745

Angle of repose 69.650 ± 2.045 54.210 ± 3.002

Swelling index 92.170 ± 1.356 13.001 ± 2.114
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The scanning electron micrographs (SEM) of Avicel® is not shown being a 
standard material which is well known and has been reported to be irregular in 
shape28.  The SEM of DAM is shown in Figure 1, while that of co-grinded and co-
fused excipients is shown in Figures 2 and 3 respectively. The shape and surface 
morphology of the particles were generally granular and rough and DAM showed 
irregularly shaped particles with rough surfaces. Adetunji et al.,29 co-processed 
Cedrela odorata gum with plantain starch and microcrystalline cellulose in order 
to enhance the material, flow and compressional properties. The study reported 
that the co-processed excipients produced varying degrees of sphericity identified 
as oval, cylindrical or irregular. 

In this study, the particle shape of the parent polymers was irregular and the co-
processed excipients generally exhibited irregular shapes. However, the co-fused 
excipients offered some degree of sphericity which reduced as the concentration of 
DAM increased. This agrees with the study of Rahmati et al.,30 which reported that 
the methods employed in particle processing affects the morphological outcome 
of the resulting excipients.

Figure 1. SEM of Date mucilage (DAM) X100.

Figure 2. SEM of co-processed excipients prepared using co-grinding 
method (A-25% DAM, B-33% DAM, C-50% DAM) X150
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Table 2. Material properties of co-processed excipients

Parameter Amount of DAM 
(%w/w)

Amount of AV 
(%w/w)

Method of co-processing

Co-grinding Co-fusion

Particle density 25.0 75.0 1.663 ± 0.018 1.562 ± 0.006

33.0 67.0 1.504 ± 0.030 1.733 ± 0.001

50.0 50.0 1.408 ± 0.009 1.541 ± 0.001

Bulk density 25.0 75.0 0.297 ± 0.001 0.349 ± 0.004

33.0 67.0 0.276 ± 0.003 0.411 ± 0.007

50.0 50.0 0.399 ± 0.001 0.481 ± 0.008

Tapped density 25.0 75.0 0.361 ± 0.002 0.478 ± 0.006

33.0 67.0 0.360 ± 0.005 0.524 ± 0.013

50.0 50.0 0.506 ± 0.007 0.649 ± 0.006

Carr’s index 25.0 75.0 11.81 ± 0.042 26.881 ± 0.071

33.0 67.0 23.28 ± 0.021 27.36 ± 0.219

50.0 50.0 21.14 ± 0.071 25.822 ± 0.078

Hausner’s ratio 25.0 75.0 0.812 ± 0.005 0.731 ± 0.023

33.0 67.0 0.761 ± 0.008 0.785 ± 0.006

50.0 50.0 0.789 ± 0.002 0.741 ± 0.009

Angle of repose 25.0 75.0 59.62 ± 0.011 66.381± 0.113

33.0 67.0 59.870 ± 0.042 57.322 ± 0.071

50.0 50.0 60.500 ± 0.092 56.102 ± 0.069

Swelling index 25.0 75.0 162.600 ± 0.177 134.403 ± 0.048

33.0 67.0 86.670 ± 0.042 150.003 ± 0.227

50.0 50.0 82.700 ± 0.007 275.001 ± 0.527

Figure 3. SEM of co-processed excipients prepared using co-fusion method (A-25% DAM, 
B-33% DAM, C-50% DAM) X200
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The mechanical and disintegration properties of metronidazole tablets prepared us-
ing co-grinded and co-fused excipients are presented in Tables 3 and 4 respectively 
while Figures 4 and 5 showed the effect of relative density on crushing strength of 
tablets made from co-grinded and co-fused excipients; and Figures 6 and 7 showed 
the effect of relative density on the friability of tablets prepared from co-grinded and 
co-fused excipients respectively. The crushing strength of tablets produced using 
co-grinded and co-fused excipients increased with relative density. Generally, the 
Cs of tablets produced using co-grinded (CG) excipient was higher than that of co-
fused (CF) while Avicel® produced tablets with higher Cs in comparison with that 
of the co-grinded excipient (AV > CG > CF). It was observed that the relative density 
of tablets prepared using 100 % DAM were higher than that for other excipients. 
This could be because as seen in Table 1, the density of DAM is greater than that of 
AV and its presence within the tablet could confer higher density to them.  It also 
implies that using DAM alone as a direct-compression excipient will require higher 
compaction forces to produce tablets with appreciable crushing strength compared 
to Avicel® which requires low compression pressure to impact higher hardness on 
tablets.  The lowest values of Cs were obtained with excipient containing 50 % DAM 
irrespective of co-processing method while those containing 25 and 33 % DAM had 
higher crushing strength.  This indicates that when stronger tablets are required, 
lower concentrations (< 50 %) of DAM in the co-excipient will be more valuable. 
Tablets produced with 100 % DAM and 100 % AV generally had acceptable friability 
which were significantly (p<0.05) lower compared to the co-processed excipients. 
The friability values in all cases reduced with increase in relative density. The rank-
ing of friability among co-grinded excipients was 25 % DAM < 50 % DAM < 33 % 
DAM while for co-fused excipients, the order was 33 % DAM < 25 % DAM < 50 % 
DAM. The strength and weakness of the tablets were influenced by the concentra-
tion of DAM and the method of co-processing adopted. 

Figure 4. Crushing strength 
against relative density 
for metronidazole tablets 
prepared using co-grinded 
excipient (♦ 25% DAM, ■ 
33% DAM, ▲50% DAM, 
○100% DAM, ●100% AV).
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Figure 5. Crushing strength against relative density for metronidazole tablets prepared using 
co-fused excipient (♦ 25% DAM, ■ 33% DAM, ▲50% DAM, ○100% DAM, ●100% AV). 

Figure 6. Friability against relative density for metronidazole tablets prepared using co-
grinded excipient (♦ 25% DAM, ■ 33% DAM, ▲50% DAM, ○100% DAM, ●100% AV).

Figure 7. Friability 
against relative density 
for metronidazole tablets 
prepared using co-fused 
excipient (♦ 25% DAM, ■ 
33% DAM, ▲50% DAM, 
○100% DAM, ●100% AV).
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Table 3. Mechanical and disintegration properties of metronidazole tablets 
prepared using co-grinded excipient

Applied 
pressure

Amount of 
DAM (%w/w)

Amount of AV 
(%w/w) Cs/Fr Dt (min) DER

56.62 0.0 100.0 9.606 0.210 ± 0.010 45.743

84.92 19.397 1.120 ± 0.004 17.319

99.08 24.659 1.220 ± 0.006 20.212

113.23 50.951 1.540 ± 0.010 33.085

56.62 25.0 75.0 16.699 0.211 ± 0.003 79.142

84.92 23.307 0.262 ± 0.001 88.958

99.08 34.707 0.267 ± 0.001 129.989

113.23 45.762 0.300 ± 0.001 152.540

56.62 33.0 67.0 5.189 0.367 ± 0.001 14.139

84.92 17.572 0.383 ± 0.001 45.880

99.08 30.806 0.392 ± 0.002 78.587

113.23 49.801 0.500 ± 0.033 99.602

56.62 50.0 50.0 2.135 0.288 ± 0.004 7.413

84.92 3.542 0.393 ± 0.002 9.013

99.08 10.642 0.417 ± 0.001 25.520

113.23 26.934 0.419 ± 0.016 64.282

56.62 100.0 0.0 8.990 17.560 ± 
0.015 0.512

84.92 14.091 25.340 ± 
0.056 0.556

99.08 26.893 25.670 ± 
0.059 1.048

113.23 75.405 39.410 ± 
0.065 1.913
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Table 4. Mechanical and disintegration properties of metronidazole tablets 
prepared using co-fused excipient

Applied 
pressure

Amount of 
DAM (%w/w)

Amount of AV 
(%w/w) Cs/Fr Dt DER

56.62 0.0 100.0 9.606 0.210 ± 0.010 45.743

84.92 19.397 1.120 ± 0.004 17.319

99.08 24.659 1.220 ± 0.006 20.212

113.23 50.951 1.540 ± 0.010 33.085

56.62 25.0 75.0 1.915 0.200 ± 0.002 9.575

84.92 7.565 0.200 ± 0.001 37.825

99.08 35.621 0.222 ± 0.008 160.455

113.23 41.286 0.227 ± 0.007 181.877

56.62 33.0 67.0 12.287 0.201 ± 0.002 61.129

84.92 15.161 0.300 ± 0.030 50.537

99.08 36.75 0.318 ± 0.001 115.566

113.23 49.444 0.330 ± 0.002 149.830

56.62 50.0 50.0 0.388 0.233 ± 0.023 1.665

84.92 3.712 0.300 ± 0.015 12.373

99.08 9.204 0.320 ± 0.004 28.763

113.23 33.906 0.330 ± 0.001 102.745

56.62 100.0 0.0 8.990 17.560 ± 
0.015 0.512

84.92 14.091 25.340 ± 
0.056 0.556

99.08 26.893 25.670 ± 
0.059 1.048

113.23 75.405 39.410 ± 
0.065 1.913
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Generally, the mechanical properties depicted by Cs/Fr increased with increase 
in applied pressure and tablets prepared with co-grinded excipient containing 33 
% DAM had the highest values at the highest pressure, while 50 % showed the 
least at all pressures. For the Cs/Fr, the concentration of DAM in the co-processed 
product increased the tablet mechanical property up to a point and a further in-
crease to 50 % reduced it. An increase from zero percent date mucilage to 25 % 
caused a significant increase in tablet strength except at the highest pressure. 
Tablets prepared with 100 % DAM all failed the disintegration time test but co-
processing with AV yielded disintegration times less than 1 min showing a sig-
nificant improvement on the disintegration profile of the tablets. Disintegration 
efficiency ratio is a measure of the balance between mechanical and disintegration 
properties of tablets27. The DER of tablets prepared using 0 % DAM reduced with 
compression pressure except for the highest pressure while other concentrations 
increased with increase in applied pressure. Co-grinded excipient containing 25 % 
DAM showed optimal DER while 50 % showed least. Generally, tablets containing 
100 % DAM showed significantly lower (p < 0.01) values of DER compared to the 
other concentrations. 

The mechanical and disintegration properties of metronidazole tablets prepared 
using co-fused excipients are presented in Table 4. Generally, the mechanical 
properties of tablets prepared using co-fused excipients as expressed by Cs/Fr in-
creased with increase in applied pressure. At the highest pressure, the ranking of 
Cs/Fr was 100 % DAM > 100 % AV > 33 % DAM >25 % DAM > 50 % DAM. At all 
pressures, co-fused excipients containing 50 % DAM showed the least mechanical 
property which was significantly lower (p<0.05) in comparison with that of the 
parent excipients. There was a significant improvement in the disintegration of 
tablets prepared using the co-processed excipients in comparison to that prepared 
using DAM 100 %. The disintegration time for tablets prepared using co-fused 
excipients was lower than that of co-grinded additives although the differences 
were not significant (p > 0.05). Generally, the disintegration time increased with 
an increase in applied pressure. Ramya and Chowdary31 prepared coprocessed ex-
cipients of pregelatinised starch-polyethylene glycol 1500-Aerosil and evaluated 
its application as directly compressible vehicle in tablet formulations. The authors 
reported that all the tablets disintegrated rapidly within 15-30 sec. The results of 
this current study agree with that of Ramya and Chowdary31 by yielding fast disin-
tegration times of 12.66 to 30 sec for cogrinded and 12.00 to 19.8 sec for cofused 
excipients. Generally, co-processing impacted this property as DAM alone failed 
the disintegration time test while avicel alone produced 12.60 – 92.40 secs as dis-
integration times. 

The DER for tablets compressed at lowest and highest pressures had least DER 
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when 50 % DAM was present in the co-fused excipient. Among the tablets, those 
produced with co-fused excipients containing 25 % DAM showed the strongest 
DER while those produced with 100 % DAM had extremely low DER showing a 
poor balance of mechanical and release properties. Generally, the co-processed 
excipients improved the mechanical and disintegration properties of the tablets 
produced compared to tablets prepared using DAM alone. 

Furthermore, the compressional characteristics of the co-processed excipients 
as shown in Figures 8 and 9 revealed linearity at two segments. The initial seg-
ment indicates rearrangement and fragmentation of the component particles. 
The second segment shows deformation by plasticity. It has been pointed out 
that cellactose® exhibits dual consolidation behaviour since it contains a frag-
menting component (lactose) and a substance (cellulose) that consolidates 
mainly by plastic deformation8. The co-processed excipients therefore showed 
similarity to previously reported cellactose® in compression properties8. How-
ever, the parent polymers showed plots typical of single component systems.  
 

 
 
Figure 8. Heckel plots for metronidazole 
tablets prepared using co-grinded excipient 
(♦ 25% DAM, ■ 33% DAM, ▲50% DAM, 
○100% DAM, ●100% AV).

Figure 9. Heckel plots for metronidazole 
tablets prepared using co-fused excipient 
(♦ 25% DAM, ■ 33% DAM, ▲50% DAM, 
○100% DAM, ●100% AV).  

 
The parameters derived from the Heckel plots are shown in Table 5. The values of 
the relative density at zero pressure, D0, which represents the degree of packing in 
the die as a result of die filling, increased generally with increase in the concentra-
tion of DAM in the co-excipients irrespective of production method. Co-fused ex-
cipients showed higher D0 than the co-grinded implying a higher degree of pack-
ing for formulations containing the co-excipients prepared by co-fusion.
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Table 5. Parameters derived from Heckel plots for metronidazole tablets 
prepared using the co-excipients

Co-processing 
method

Amount of 
DAM (%w/w)

Amount of 
AV (%w/w) Do

Py
(MN/m2) Da Db

Co-grinding

0.0 100.0 0.357 103.093 0.620 0.263

25.0 75.0 0.297 204.082 0.673 0.376

33.0 67.0 0.276 769.231 0.617 0.341

50.0 50.0 0.399 909.091 0.593 0.194

100.0 0.0 0.571 384.615 0.834 0.263

Co-fusion

0.0 100.0 0.357 103.093 0.620 0.263

25.0 75.0 0.349 175.439 0.681 0.332

33.0 67.0 0.411 769.231 0.646 0.235

50.0 50.0 0.481 116.279 0.593 0.112

100.0 0.0 0.571 384.615 0.834 0.263

The mean yield pressure (Py) for the metronidazole tablet formulations were cal-
culated from the slope of the linear region of the Heckel plots having correlation 
coefficient > 0.990, and the intercept, A, was determined from its extrapolation32. 
The mean yield pressure, Py, is inversely related to the ability of the metronidazole 
formulations to deform plastically when pressure is applied. Among the cogrinded 
excipients, Py reduced as the concentration of DAM in the co-excipients reduced 
giving a ranking of 50 % >33% > 25%. However, the Py for 33 % was significantly 
higher than when 100 % DAM was used. Generally, cofused excipients offered 
significantly lower (p<0.05) values of Py. Lower values of Py implies faster on-
set of plastic deformation and the cofused excipients in this case would deform 
more readily under pressure on a high-speed tablet machine33, compared to the 
cogrinded types.  Avicel (0 % DAM) showed the least Py and this is not surprising 
since it’s a direct-compresion excipient. In addition, 33 % cofused and co-grinded 
excipients has same Py indicating same deformation pattern irrespective of pro-
duction method.

The total degree of packing achieved at zero and low pressures is referred to as 
total relative precompression density, Da. The values increased with reduced con-
centrations of DAM without significant differences (p > 0.05) between excipients 
prepared using both methods of co-processing.  DAM however had the highest Da, 
suggesting a display of higher total degree of packing.

The phase of particle rearrangement in the early stages of tablet compression is 
called the relative density at low pressure, Db and indicates the degree of frag-
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mentation of particles33. Akin- Ajani et al32., has reported that fragmentation of 
particles can occur concurrently with plastic and elastic deformation during com-
pression. The Db of the excipients generally reduced with increase in the concen-
tration of DAM using both methods of co-processing. Interestingly, the parent 
polymers both had equal Db values probably implying same level of rearrange-
ment of particles. Higher values of Db indicate improved particle re-arrangement 
showing that 25 % co-grinded and 33% co-fused excipients would offer optimal 
re-arrangements of particles or granules during compression. The compaction 
results obtained here agrees with the study of Odeku and Patani34 on dika nut 
mucilage extracted and used as an excipient in metronidazole tablet formulations. 

CONCLUSION

The excipients developed in this study using co-grinding and co-fusion methods of 
co-processing enabled the direct compression of metronidazole which is a poorly 
compressible drug. The co-processed excipients also improved the disintegration 
time and disintegration efficiency ratio of metronidazole tablets compared to date 
mucilage alone. Co-excipients prepared by co-fusion method showed faster disin-
tegration and onset of plasticity compared to the ones from co-grinded method. 
For both methods, co-excipients containing 25 % DAM showed optimal disinte-
gration properties while 33 % showed optimal mechanical properties. The co-ex-
cipients may therefore be further developed as direct-compression excipients for 
poorly compressible active agents especially when tablets requiring fast disinte-
gration are needed.
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INTRODUCTION

The most demanding research area in pharmaceutical field is target delivery of a 
drug to a specific organ. Whenever a drug is formulated, the dosage form is chosen 
according to its physicochemical and biological properties. It is inconvenient to 
take some drugs in simple dosage form because of their low aqueous solubility and 
low permeability across the cell membrane. Controlled drug delivery system, ei-
ther dissolution-controlled or diffusion-controlled is used for the delivery of such 
drugs1. For the controlled delivery of a drug, colloidal systems such as liposomes, 
micelles and nanoparticles have been developed. Recently, nanotechnology has 
made some considerable advances in controlled drug delivery systems including 

ABSTRACT

Oral administration of drugs having low water solubility is hampered by various 
enzymatic barriers present in gastrointestinal (GI) tract. Lipid nanoparticles based 
on solid matrix have emerged as a potential drug delivery system to improve the 
absorption and bioavailability of several drugs, especially lipophilic compounds. 
Solid lipid nanoparticles (SLN) are reported as the most promising technology for 
oral administration and offered several advantages over conventional dosages for-
mulations including, enhancement in solubility, stability, permeability, and bio-
availability with minimal side effects. In this review, we have highlighted recent 
advances in the development of SLN for the oral, parenteral, rectal, and topical 
administration of various drugs. We have also summarized the applications of SLN 
in the treatment of various diseases like tuberculosis, cancer, diabetes, and several 
nervous system related disorders.
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sustained release, timed release, extended release, and targeted release of a drug. 
The predominance of nanoparticles over the other drug delivery systems enables 
them to use for drug targeting. Nanoparticles are 10-100nm in size in which drug 
is either dispersed or entrapped in a matrix, encapsulated as the solid solution or 
may be adsorbed on the surface2.The nanoparticles are designed to provide inti-
mate contact with GI epithelium, prolong residence time and allow permeation 
across the cell membrane. A pre-systemic metabolism of a drug can be avoided 
by using nanoparticles3. Lipid nanoparticles are safe to use as they contain lipids, 
which are included in the category of generally recognized as safe (GRAS).                                                                      

Solid Lipid Nanoparticles

Solid lipid nanoparticles are an advanced and rapidly budding field of nanotech-
nology with several applications in pharmaceutical science. SLN were developed 
first in 1991. These are the colloidal carriers possesses an average diameter of 10 to 
1000nm. They composed of single lipid core matrix dispersed in an aqueous sur-
factant solution. The carriers like liposomes, polymeric micelles, and porous sol-
ids can also be used to enhance the aqueous solubility of a drug. But SLN not only 
helps to increase the solubility of a drug but also offers target release of drugs. SLN 
can be used as a carrier for lipophilic as well as hydrophilic drugs4. SLN provides 
stability to the solid lipid matrix and overcomes the disadvantages of liposomes, 
which includes stability problems5. Instead of polymeric nanoparticles, SLN are 
found to be more compatible with the biological system. Exclusive properties of 
SLN such as smaller size, larger surface area and interaction of phases at the in-
terface make them valuable candidate2. The release of encapsulated compounds is 
controlled by solid lipid matrix, which also improves the stability of incorporated 
lipophilic ingredients. The type of lipids, surfactants and their concentration in 
the formulation of SLN adjust the particle size, drug loading, and release behavior 
of drugs5. The physicochemical characteristics of the solid lipid phase, such as re-
duced mobility of the drug in solid matrix, micro phase separation and enhanced 
absorption of poorly water-soluble drugs offer potentially beneficial effects. The 
release of a lipophilic drug from SLN was found to be better than com-
pare to the emulsion. SLN also improves the solubility and bioavailability of 
lipophilic drugs6.  SLN possess controlled drug release through lipid matrix and 
protect the drug from gastric degradation7. They improve the stability of those 
drugs which are sensitive to light, environment, pH, and oxidation8. The incor-
porated drugs can be protected against enzymatic degradation6. SLN enhance the 
intracellular uptake of drugs and deliver them at defined rates8.

Role of lipids and emulsifiers in the formulation of SLN

Table 1 show some examples of lipids and surfactants, which are used in the for-
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mulation of SLN.

Lipids

Main features for the selection of lipid are as following:

l	Lipids carriers should enhance the gastrointestinal solubility and improve lym-
phatic uptake of poorly bioavailable drugs9.

l	The chemical and physical behavior of the lipid10.

l	The lipid with long chain fatty acids should be considered as they crystallize 
slower than short chain fatty acid11.

l	Proper care should be taken while selecting the lipid, as some lipids convert 
from metastable to stable form and try to form ideal crystalline lattice struc-
tures11.

l	The lipid influences the drug loading capacity in SLN. The higher amount of 
drug in lipid results in the more un-entrapped drug in the formulation12.

l	The size of SLN is also influenced by the hydrophobic part of the lipid and 
found to be increased when the hydrophobic chain length of lipid increases13.

l	The non-erodible and non-digestible properties of lipid14.

l	The selection of lipid depends upon the solubility of the drug in the lipid. In a 
study, the anticancer drug wogonin showed the highest solubility in the stearic 
acid15.

Glyceryl behenate is an ideal excipient for SLN and has been used by various 
research groups.  The stability and zeta potential of SLN prepared with glyceryl 
behenate is affected by storage conditions16. Jannin et al. reported that SLN pre-
pared with glyceryl dibehenate were not digested by pancreatin during in-vitro 
lipolysis test14. In one of the study, it was found that SLN prepared with glyceryl 
behenate showed higher drug entrapment than compare to glyceryl stearate, as it 
contains mono, di and triglycerides and produces less ordered lipid crystals than 
glyceryl stearate17. In a study, SLN prepared using glycerol monostearate, stearic 
acid and glyceryl behenate resulted in an increase in particle size, polydispersity 
index and entrapment efficiency after long storage. However, the SLN contain-
ing tristearin as lipid content was found to be stable18. Citral loaded SLN, using 
glyceryl monostearate as a lipid showed enhanced stability in acidic enviroment19. 
Chantaburanan et al. prepared ibuprofen SLN to evaluate the combined effect of 
wax (cetyl palmitate) and triglyceride (Softisan 378) on particle size, zeta poten-
tial, entrapment efficiency, crystallinity, and drug release. The SLN were resulted 
in smaller particle size. The drug release was found to be fast followed by sus-
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tained release, depending upon the ratio of lipids used20. In a study, ketoprofen 
loaded SLN were prepared using beeswax and carnauba wax. SLN containing 
higher amount of beeswax showed faster drug release as compared to SLN with 
the higher amount of carnauba wax21. 

Table 1. List of Lipids and Surfactants used in the formulation of SLN

 

Lipids Surfactants

Fatty acids: Behenic acid, Stearic acid, Myristic 
acid, Palmitic acid, Decanoic acid. 

Sorbitan ethylene or propylene oxide 
copolymers: Polysorbate 60, Polysorbate 20, 

Polysorbate 80.

Acylglycerols: Glycerol palmitostearate, Glyceryl 
monostearate, Glyceryl behenate, Glyceryl 

hydroxy stearate.

Ethylene oxide or propylene oxide copolymers: 
Poloxamer 407, Poloxamine 908, Poloxamer 188, 

Poloxamer 182.

Triacylglycerides: Tripalmitin, Trimyristin, 
Tricaprin, Tristearin, Trilaurin. Alkylaryl polyether alcohol polymers: Tyloxapol.

Waxes: Beeswax, Cetyl palmitate, Carnouba 
wax. 

Triacylglycerides: Tripalmitin, Trimyristin, 
Tricaprin, Tristearin, Trilaurin. 

Cyclic complexes: Cyclodextrin.
Bile salts: Sodium cholate, Sodium oleate, 

Sodium glycocholate, Sodium taurodeoxycholate, 
Sodium taurocholate.

Hard fat: Witepsol H 35, Witepsol W 35. Alcohol: Butanol.

Digestibility of Lipids

The main problem associated with SLN is the digestibility of lipids by lipases se-
creted by stomach or pancreas, which further cause degradation of SLN. Lipids are 
considered as non-erodible and non-digestible. But the presence of surfactant allows 
lipases to adsorb at the interface when the interfacial tension is sufficiently lowered. 
Jannin et al. prepared SLN of glyceryl dibehenate to evaluate the digestibility. SLN 
of Glyceryl dibehenate were produced by two processes, first high-shear homog-
enization followed by ultra-sonication and second Spray-Flash Evaporation (SFE) 
method. SLN prepared by ultra-sonication showed a limited digestion of the lipid 
excipient when tested in-vitro lipolysis using a pH-stat apparatus, although SLN pro-
duced by SFE were not digested by lipases. So, it was concluded that the presence of 
surfactant allows the adsorption of the lipase and degradation of glyceryl behenate14.

Surfactants

Surfactants are used for the stability of the SLN dispersion and to prevent aggre-
gation of particles. Various research groups have tried different surfactants like 
tween 20, tween 60, tween 80, span 20, polyvinyl alcohol, cremophor, lecithin, 
sodium dodecyl sulphate, sodium glycolate, poloxamer 407, and poloxamer 188. 
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The smaller particle size can be achieved by using higher surfactant ratio. Many of 
the Surfactant contains the hydrophobic as well as the hydrophilic moiety. The size 
of SLN decreases with the shorter chain length of hydrophobic part of surfactant. 
While the stability of formulated SLN decreases with increase in hydrophobic 
chain length because of the decrease in zeta potential. The HLB value is gener-
ally taken into consideration for the selection of surfactant. Sometimes surfactant 
blend also used to improve stability. The particle size and entrapment efficiency 
depend upon the concentration of surfactant used. Sun et al. investigated that by 
increasing the amount of pluronic F68 in the SLN formulation, particle size de-
creased, and the entrapment efficiency significantly increased22. Poloxamer 407 
slow down the enzymatic degradation while cholic acid and sodium salts acceler-
ate degradation, tween 80 showed no pronouncing effect on it. Polyethylene glycol 
as a surface coating material slow down the clearance and prevent liver uptake 
as it is less prone to plasma protein and other biological materials. Polysorbates 
coated SLN can effectively cross blood-brain barrier than compare to poloxamer 
and cremophor. A study reported that the addition of TPGS (Tocopheryl Polyeth-
ylene Glycol Succinate) as an emulsifier may improve the solubility, stability and 
oral bioavailability of entrapped drug12.

Other Agents

Generally SLN are insufficient for the oral administration of various phyto bioac-
tive compounds, due to burst release property23. To overcome this problem sur-
face modifiers are used to improve the oral delivery of phyto bioactive compounds. 
The list of some counter-ions and surface modifiers are shown in Table 211. Sur-
face modification using counter-ions and surface modifiers elaborates the new 
physicochemical properties of SLN11.The coating of a polymer on the SLN surface 
improves the stability of SLN in acidic medium and prevents the burst release 
of drug24. The quarternized chitosan derivative can be used for the protection of 
drug from acidic medium and further to stabilize the SLN. The curcumin-loaded 
SLN coated with N-carboxymethyl chitosan (NCC) by surface charge interaction 
prevented the immediate release of curcumin in acidic medium and improved 
its bioavailability24. Ramalingam et al. prepared SLN using N-trimethylchitosan 
(TMC). The curcumin loaded SLN were successfully delivered to the brain via oral 
administration12. Wang et al. prepared cross-linked polymer coated SLN which 
showed improvement in the physicochemical properties of SLN25.

Preparation of solid lipid nanoparticles

The choice of method for the preparation of SLN depends upon the type of lipid 
and surfactant. Table 3 shows the formulation methods along with their advan-
tages and disadvantages.
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High pressure homogenization 

In this method, the liquid is driven by homogenizers through a narrow orifice by 
applying high pressure.  It is suitable for the production of SLN with high lipid 
content22. Two approaches work on the concept of high pressure homogenization 
(HPH) are; hot homogenization and cold homogenization, as shown in (Figure 
1).  In a study, SLN of efavirenz were prepared using this technique was found to 
be acceptable in term of particle size, Polydispersity index, and entrapment ef-
ficiency6.

Figure 1. High Pressure Homogenization (HPH) 

Table 2. List of some counter-ions and surface modifiers11

 

Counter-ions Surface modifiers

Mono-hexadecyl phosphate, 

Sodium hexadecyl phosphate.

α-methoxy- polyethyleneglycol 2000-carboxylic 
acid-α-lipoamino acids,

α-methoxy- polyethyleneglycol 5000-carboxylic 
acid-α-lipoamino acids.

Dextran sulphate sodium salt. Stearic acid- polyethyleneglycol 2000.

Mono-decyl phosphate. Dipalmitoyl-phosphatidyl-ethanolamine-
polyethylene glycol 2000.

Mono-octyl phosphate. Distearoyl-phosphatidyl-ethanolamine-N-
polyethyleneglycol 2000. 
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Ultra-sonication/High speed homogenization 

In this method, SLN are prepared by using sonicator or high speed homogenizer. 
The combination of both techniques can also be used to get smaller particle size 
24. In a study, SLN of non-steroidal anti-inflammatory drugs were prepared us-
ing ultra-sonication assisted nano-emulsion method to get the nano-sized emul-
sion. The author stated that sonication for 15 minutes is necessary to obtained 
smaller particle size4. Ultra-sonication method is preferred over micro emulsion 
technique to get the smaller particles 26.

Solvent emulsification evaporation

In this method, a water-immiscible organic solvent is used. This technique is gen-
erally used for thermo-labile drugs27. 

Solvent emulsification diffusion 

In this method, the lipid matrix containing drug is dissolved in a water-immiscible 
organic solvent and then emulsified in an aqueous phase to get SLN (Figure 2). 

 

Lipid matrix in water immiscible organic solvent

emulsification in aqueous phase 

Precipitation of lipid to form dispersion

Evaporation of solvent in reduced pressure

SLN Dispersion

 
Figure 2. Solvent Emulsification-Diffusion Method

Supercritical Fluid Technology

This technique is used for the production of SLN of water-insoluble drugs. Carbon 
dioxide solution is the best choice as a solvent. Chattopadhyay et al. developed 
SLN of ketoprofen and indomethacin using this technique. The SLN with smaller 
particle size were obtained28.

Micro Emulsion Method

In this method, hot micro emulsion is prepared which is further dispersed in cold 
water with continuous stirring as shown in Figure 3. SLN using double emulsion 
method can also be used to overcome the problems like release of drug during 
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emulsification process13. Behbahani et al. encapsulated curcumin in SLN using 
micro emulsion method followed by ultra-sonication. The spherical shape SLN 
with uniform size distribution was obtained5.

Figure 3. Micro-emulsion method.

Spray Drying Method

In this technique, high melting point lipids are used. The re-dispersion of SLN 
after drying is the main problem with this method. To overcome this problem, 
Wang et al. prepared SLN using the layer by layer technique followed by nano 
spray drying method to get ultra fine powders. Particles obtained were spherical 
in shape and easily redispersed29.

Double Emulsion Based Method

The process involves the preparation of w/o micro emulsion which is added to 
aqueous surfactant solution to obtain a clear w/o/w system. This double emulsion 
is then dispersed in cold water and further washed with dispersion medium using 
ultra-filtration system. Severino et al. prepared SLN of polymyxin by w/o/w emul-
sification method, which showed appropriate particle size (200nm), high entrap-
ment efficiency (90%) and desired zeta potential (-30mV). The method was found 
to be useful for the preparation of SLN30. 

Solvent Injection Technique

In this method, the organic solvent and lipid mixture is slowly injected into aque-
ous surfactant solution with continuous stirring27. The resulted dispersion is then 
sonicated for about 12 minutes to get the SLN dispersion (Figure 4). The solvent 
injection-lyophilization is a modification of solvent injection method, which over-
comes the problems of solvent injection31.
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Figure 4. Solvent Injection Method.

Membrane Contractor Method 

This process is developed by Charcosset et al.32. In this method, the lipid phase is 
pressed through the membrane pores and allows the formation of small droplets 
at the pore outlets, which are swept away by the running water. The SLN obtained 
after cooling the preparation at room temperature.

Models for Incorporation of Active Compounds

For the incorporation of active compound in SLN, three types of models are used 
(Figure 5). In Type I model, drug is homogenously dispersed in lipid matrix and 
released through diffusion from the solid lipid matrix. Type II model is achieved 
when the drug concentration is low and present in the outer shell. In Type III, The 
concentration of the drug is high in the lipid melt; a drug enriched core is formed. 
The drug release is governed by the fick’s law of diffusion.

Figure 5. Drug Incorporation Models
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Stability of SLN

Any change in particle size, appearance, drug content, zeta potential, and viscosity 
with time can be used to determine the stability of prepared SLN. For long-term 
stability, parameters like temperature and light are to be observed.  The most ac-
ceptable temperature condition for storage of SLN is 4°C. For long term storage 
20°C is preferred because at this temperature SLN are stable. While on increasing 
the temperature up to 50°C, rapid growth in particle size is observed. Gaber et 
al. developed gelucire-based solid lipid nanoparticles of myricetin for protection 
of drug from degradation. The author stated that antioxidant should be added in 
the SLN for the protection at high temperature and buffers should be added along 
with surfactants for better protection of drug33.

Table 3. Method of preparation along with their advantages and disadvantages

Sr. No. Formulation procedure Advantages Disadvantages

1. High pressure 
homogenization

Economical, possible at 
laboratory scale

Polydisperse distribution, energy 
intensive process

2. Ultra-sonication
Reduced shear stress, 

avoid temperature 
induced degradation

Possibility of metal contamination, 
particle growth upon storage

3. Solvent emulsification 
evaporation

Easily scalable, 
continuous process

Polydisperse distributions, energy 
intensive process, biomolecule 

damage

4. Solvent emulsification 
diffusion

Avoid heat during 
preparation

Residual organic solvent, anergy 
intensive process

5. Supercritical fluid 
technology

Particles are obtained 
in form of dry powder, 

low pressure and 
temperature conditions

High cost

6. Micro emulsion
Low mechanical energy 

input, theoretical 
stability

Extremely sensitive to changes, 
low yield

7. Solvent injection 

Fast production 
of SLN, process 

without technically 
sophisticated 

equipment

Use of organic solvent

8. Double emulsion 
Sterically stabilized, 

Suitable for hydrophilic 
drugs.

High percentage of particles in 
micro range.



37Acta Pharmaceutica Sciencia. Vol. 56 No. 3, 2018

Characterization of SLN

Several parameters like particle size, entrapment efficiency, zeta potential, drug 
loading capacity, and degree of crystallinity affect the stability and release of drug 
from SLN. The parameter along with their characterization techniques are given 
in Table 4.

The particle size of the lipid nanoparticles is strongly affected by the concentration 
of surfactants and lipids. Generally, the smaller particle size is obtained with the 
high concentration of surfactant17. Lipid concentration above 5% results in larg-
er particle size. Zeta potential below -25 mV and above + 25mV are required for 
full electrostatic stabilization of the formulation. The main factor which may not 
show an exact result in characterization is entrapment efficiency34. Entrapment 
efficiency may affect by the concentration of lipid and surfactant. The loading ca-
pacity of the drug in the lipid depends upon the solubility of the drug in the lipid, 
structure of lipid matrix, and physical state of lipid. The solvent removal process 
brings some changes in lipids which can be determined using differential scan-
ning calorimetry (DSC) and X-ray scattering. The nuclear magnetic resonance 
(NMR) and electron spin resonance (ESR) techniques are used for the investiga-
tion of structures in nano compartments of the lipid dispersions. The structure 
of lipids can also be determined using spectroscopic methods like infra-red and 
raman spectroscopy. Any modification in functional groups can be detected by 
NMR spectroscopy.

Routes of Administration for SLN

SLN can be designed for all the existing routes enlisted below. 

Oral administration 

SLN improves absorption of the drug through GI tract and increases oral bioavail-
ability of drugs when used as a carrier in oral route. In one of the study, famotidine 
loaded SLN showed prolonged release and 2.06-fold increase in oral bioavailabili-
ty as compared to commercial product7. Aripiprazole is an antipsychotic drug, the 
oral administration showed a reduction in in-vivo effects due to rapid first-pass 
metabolism. SLN of aripiprazole was developed by Sinha et al. using tristearin as 
a lipid and sodium taurocholate, tween 80 as surfactants. The in-vivo efficacy was 
found to be increased in lace mice using dizocilpine-induced schizophrenic model. 
The pharmacokinetic studies of SLN formulation showed 1.6 fold higher oral bio-
availability of aripiprazole compared to its suspension35. 
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Table 4. Parameters for Characterization of Solid lipid nanoparticles

Sr. No. Parameters Characterization Methods

1. Particle size measurement

Scanning electron microscopy, photo correlation 
spectroscopy, transmission electron microscopy, 

atomic force microscopy, size exclusion 
chromatography, laser defractrometer

2. Charge determination Zeta potentiometer, laser dopler anemometer

3. Loading capacity and entrapment 
efficiency

Spectro fluorophotometry, high-performance liquid 
chromatography, UV-spectrophotometry

4. Release profile In-vitro release studies

5. Crystallinity and modification of 
lipid DSC, X-ray diffraction

6. Drug excipient Interaction study DSC

7. Drug stability Bioassay of drug extract from nanoparticles, 
physical and chemical analysis of drug

8. Co-existence of extra structures Nuclear magnetic resonance, electron spin 
resonance

 
Parenteral administration

The SLN due to their small size can travel through the vascular system and mini-
mize the side effects of the administered drug. SLN contain physiologically well-
tolerated lipids which are safe to use for parental administration. They prevent 
macrophage uptake in the systemic circulation. Targeted delivery of hyaluronic 
acid coated SLN were reported by Zhou et al. In this study, SLN containing glu-
cocorticoid prednisolone were targeted to affected joint tissues which resulted in 
reduction in joint swelling and inflammatory cytokines level in blood36. 

Topical administration

Topical treatment with SLN delivers a higher amount of drug at the specific site 
of action and shows minimum side effects. Topical preparations may be used for 
surface effects, stratum corneum effect and systemic effects. Auraptene is an anti-
inflammatory agent; low aqueous solubility restricts the use for topical adminis-
tration. The SLN of auraptene for topical delivery were developed by Daneshmand 
et al., which showed enhanced cutaneous uptake along with desirable anti-inflam-
matory activity37. SLN are the best way for the delivery of antifungal drugs for 
topical administration. The SLN gel of fluconazole was prepared to treat pityriasis 
versicolor. The prepared gel showed improved therapeutic activity against pityria-
sis versicolor compared to candistan® 1% cream38.
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Rectal administration

This route is preferred for pediatric patients for the ease of application. The plasma 
level and therapeutic effectiveness of rectally administered drugs were reported to 
be high as compared to oral or intramuscular route in the similar doses. Din et 
al. developed SLN loaded dual-reverse thermosensitive hydrogel of flurbiprofen. 
In comparison with the drug and hydrogel, SLN loaded hydrogel showed higher 
drug release than compare to pure drug and lower drug release than compare to 
hydrogel; due to its slow initial burst effect39.

Nasal administration

Nasal route is preferred for the fast absorption and rapid onset of action of the 
drug. As it avoids the GI tract thus prevent the drug degradation. The SLN of efa-
virenz, when administered through intra-nasal route, drug concentration in the 
brain was found to be increased6.

Ophthalmic administration

The main problem with the ophthalmic administration of a drug is poor bioavail-
ability. Only 5% of the drug can pass through the cornea after administration40. 
In a study, ophthalmic administration of voriconazole SLN showed burst release 
followed by sustained release. The prolonged residence time of drug on the ocular 
surface was observed26.

Pulmonary administration 

SLN dispersions in the form of aerosols can be delivered to lungs, which evade the 
first-pass metabolism of the drug and further increase the drug absorption. The 
drug showed controlled release behavior when entrapped in SLN. In a compara-
tive study of SLN and liposomes, after pulmonary administration, SLN showed 
prolong exposure to lung41. This may be useful for the delivery of some drugs. The 
paclitaxel SLN were formulated by Rosiere et al. for the lung tumor. The SLN were 
coated with chitosan and a folate-grafted copolymer of polyethylene glycol and 
delivered by pulmonary route. The coated SLN resulted in good pharmacokinetic 
profile, prolonged release of paclitaxel in lungs, and found to be effective in in-
haled therapy of paclitaxel42.

Recent Work on Solid Lipid Nanoparticles

SLN for genetic materials

SLN have the potential for the delivery of DNA, miRNA, siRNA, nucleic acids and 
other genetic materials. Special cationic SLN are used for the delivery of genetic 
materials. Botto et al. prepared cationic SLN. The thermal analysis of cationic SLN 
showed the interaction with plasmid DNA. The result indicated that the efficient 
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delivery of gene therapy depends upon the amount and type of surfactant used in 
the preparation43. Kotmakci et al. developed cationic SLN for delivery of RNAi-
mediating plasmid DNA to reduce the over expression of STAT3 and to overcome 
the resistance of cisplatin in lung cancer cells. Cationic SLN of plasmid DNA com-
plexes down-regulated the STAT3 expression in resistant cell lines and decreases 
the resistance of cisplatin in cells44. Sharma et al. developed TRPV1-targeting siR-
NA loaded SLN without using any cationic agent. The author demonstrated that 
PEG600 as a surfactant decreases the particle size and also affects the endosomal 
uptake. After topical administration of TRPV1-targeting siRNA loaded SLN to rat, 
it was proved that SLN are effective for the silencing of the skin TRPV145. Ekbaba 
et al. developed SLN of shRNA-encoding plasmid to reduce the level of 5-α reduc-
tase enzyme; which is responsible for diseases like benign prostatic hyperplasia, 
prostate cancer, and androgenic alopecia. The formulation was found to be ef-
ficient to reduce the level of 5-α reductase enzyme in the DU-145 cell line in-vitro 
with minimum cytotoxicity46.

SLN in tuberculosis disease

In a study, Costa et al. prepared SLN of isoniazid by functionalized with mannose 
(M-SLN). The M-SLN showed more uptakes on alveolar macrophage cell than the 
SLN. The M-SLN was found to be more effective for the delivery of anti tubercular 
drug to alveolar macrophages47. In another study, SLN surface were engineered 
with mannose for the delivery of rifampicin, for treatment of tuberculosis. The 
Mannosylated SLN found feasible to maintain the drug load before entering the 
macrophage and cause phagocytosis of alveolar macrophage48. Vieira et al. pre-
pared chitosan coated rifampicin SLN. The chitosan coated SLN showed highest 
mucoadhesive properties in-vitro and higher drug release in alveolar epithelial 
cells A549 than compare to uncoated SLN49.

SLN in cancer 

SLN have numerous applications in various types of cancer. In a study, solid lipid 
nanoparticles of curcumin and piperine using TPGS (tocopheryl polyethylene glycol 
succinate) and Brij 78 as a co-delivery vehicle was prepared. SLN were found to be 
effective in, in-vitro studies of reversing P-glycoprotein-mediated multidrug resist-
ance in A2780/Taxol cells. Curcumin SLN selectively killed tumor cells with low in-
trinsic toxicity50. The bioavailability of solid lipid nanoparticles can be increased by 
surface modification with N-carboxymethyl chitosan(NCC). The intestinal delivery, 
lymphatic uptake, and cytotoxicity were enhanced by surface modification of SLN 
with NCC. The bioavailability and effect on tumor cells was found to be increased, 
as the cellular uptake on MCF-7 cells was increased24. A study on HCT-116 colon 
cells by Chirio et al. proved that the SLN can incorporate the higher amount of drug 
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and can be used for the treatment of cell cultures with low cytotoxicity51. Chuang 
et al. developed pH-sensitive cationic polyoxyethylene SLN of camptothecin (CPT-
PEG-SLNs+) to make it tumor targeting. CPT-PEG-SLNs+ showed accumulation 
for a long time (>120 hours) in several types of tumor, and increase the efficiency 
of camptothecin against HCC36 or CL1-5 tumors52.  Badawi et al. prepared SLN of 
pomegranate extract to increase its anticancer activity. The study was conducted 
using the normal cell line and several cancer cell lines. It was found that the SLN of 
pomegranate extract were more selective for the cancer lines especially for MCF-7 
breast cancer cell than the normal cell53. The SLN of doxorubicin in combination 
with sclareol prepared by Oliveira et al. found to be useful in the treatment of cancer 
as they showed activity against 4T1 cells with prolonged drug release54. 

SLN in depression

SLN of curcumin and dexanabinol were prepared by He et al. to investigate the 
antidepressant effect in corticosterone induced depression model. SLN overcome 
the problems associated with curcumin like low solubility and low bioavailability 
with enhancement in antidepressant effect. The SLN showed an increase in cur-
cumin level in the brain of mice and prolong the drug release which facilitates the 
antidepressant effect of curcumin55. Fatouh et al. prepared SLN of agomelatine; 
which is an antidepressant drug, to increase its bioavailability and target delivery 
to the brain. SLN were administered by intranasal route, which were found to be 
more effective than the intravenous route for brain targeting. The pharmacoki-
netic study proved that absolute bioavailability of agomelatine SLN was higher 
when compared to the oral suspension of valdoxan56. 

SLN in cosmetics

Generally, UV radiations are extremely harmful to skin. SLN are useful carrier in 
cosmetics as they show controlled release of the drug, excellent blockage of UV rays, 
and uniform dispersion on skin without using any greasy oil57. Silymarin is a natural 
sunscreen agent having antioxidant properties. The SLN of silymarin was prepared 
and further formulated as sunscreen cream. After evaluation of cream, the sun pro-
tection factor in-vivo and in-vitro was 14.1 and 13.80 respectively and no changes 
appeared in accelerated stability studies, which showed that SLN of silymarin can 
be used for photoprotective action when formulated as sunscreen cream58.

SLN for antimicrobial activity

SLN can be used for the enhancement of antimicrobial activity of the natural prod-
ucts. In a study conducted by Fazly et al. the effectiveness of SLN against the hu-
man pathogen was investigated. For this, SLN of Eugenia caryophyllata essential 
oil was prepared and tested for antimicrobial activity against Pseudomonas aerug-
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inosa, Salmonella typhi, Staphylococcus aureus and Candida albicans. The study 
revealed that the SLN of Eugenia caryophyllata essential oil was either better or 
equivalent to the essential oil59. Jourghanian et al. conducted the antimicrobial 
studies to compare SLN of curcumin with the free curcumin via well diffusion 
test using E.coli, and S. aureus. The increased effect was observed with SLN than 
compare to free curcumin60. 

SLN for proteins and peptides delivery

SLN have been proved as alternative carriers for the delivery of proteins, peptides, 
and antigens. They can entrap hydrophobic as well as hydrophilic proteins. SLN 
protects the peptides from proteolytic degradation and makes them able to cross 
the epithelial membrane and increase their bioavailability61. Xu et al. developed 
SLN of insulin containing an endoscopy escaping agent, HA2 peptide. During in-
tracellular transport HA2 peptide SLN preserve the insulin and resulted in higher 
hypoglycemic effect in the diabetic rats62.

SLN as a carrier for sustain drug delivery

SLN can control the release of drug from its matrix. SLN used for the sustain de-
livery of hydrophilic and lipophilic drugs. In a study, conducted by Jourghanian et 
al., sustained release with improved antibacterial efficacy was obtained with cur-
cumin loaded SLN60. Shazly et al. developed SLN of domperidone. The prepared 
SLN showed sustain release of domperidone up to 12 hrs than compare to the 
conventional tablet, which showed immediate release. The results obtained from 
pharmacokinetic studies showed enhancement of oral bioavailability of dome-
peridone63. Zhao et al. prepared SLN of yuxingcao essential oil (YEO) for pulmo-
nary administration. The SLN showed prolonged release after intra-tracheal ad-
ministration to rats. The study revealed that, SLN of YEO resulted in sustain effect 
after inhalation delivery than compare to YEO solution64. The SLN of Houttuynia 
cordata extract were prepared by Kim et al. for control drug delivery and high 
loading efficiency. The SLN of Houttuynia cordata extract showed sustain release 
of quercitrin from extract65.

SLN for brain targeted drug delivery

SLN can be targeted to the brain using the extremely small particle size of 50 nm. 
SLN have the ability to cross the blood-brain barrier and used as a drug delivery 
system for the treatment of CNS diseases. The functionalization of SLN with li-
gands makes them appropriate for targeting the brain sites. A study conducted 
by Ramalingam et al. revealed that TMC (N-trimethyl chitosan) coated SLN im-
proved brain delivery as compared to drug suspension. The surface modification 
with TMC protects them in the environment of the stomach, so that a large amount 
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of drug can reach to systemic circulation and can cross the blood-brain barrier after 
oral administration12. Andrographolide is a natural product used in various brain 
disorders like cerebral ischemia. But the problem associated with its brain delivery 
is; low bioavailability, instability, and poor solubility. Graverini et al. developed 
SLN of andrographolide for brain delivery. In in-vivo studies, SLN were delivered 
to brain parenchyma outside the vascular bed; after crossing the blood-brain bar-
rier66. Loureiro et al. proved that SLN when combined with anti-transferrin recep-
tor monoclonal antibody efficiently target the brain cells than compare to normal 
SLN. SLN-antibody conjugation was used for the delivery of grape extract with 
resveratrol to the brain to treat Alzhimer disease by inhibiting amyloid-β peptide 
aggregation. The cellular uptake was found to be higher in SLN-antibody conjuga-
tion than the normal SLN67. The surface modification of SLN with apolipoprotein 
E-derived peptide (SLN-mApoE) was efficiently crossed the blood-brain barrier 
when tested using in-vitro model by Dal et al. The more confinement in the brain 
was found after pulmonary administration of SLN-mApoE, when compared to in-
travenous and intraperitoneal administration68. In a study, tocopherol succinate 
loaded SLN were developed for brain delivery of rivastigmine hydrogen tartrate for 
Alzheimer’s disease. The prepared SLN were found with optimum particle size and 
high loading efficiency along with sustain release in-vitro69.

Stealth nanoparticles

SLN avoided by the immune system, so specific cells can also be targeted by SLN. 
Stealth SLN are efficiently used in malaria, lymphatic disease, and lung disease. 
Recent work on stealth solid lipid nanoparticles is shown in table 5.

Table 5. Recent Work on Stealth Solid-lipid Nanoparticle

Drug Method Inference Reference

Aloe-emodin (AE)

Surface-functionalized 
polyethylene glycol 
liquid-crystalline 

nanoparticles 
(PEG-LCNPs)

PEGylated LCNPs was found to be 
promising nanocarrier for delivery 

of Aloe-emodin to cancer cells.
70

 Dimethyl fumarate, 
Retinyl palmitate, 

Progesterone, URB597

Modification of the 
SLN surface with 
polysorbate 80

The solubility of drugs was 
improved by 4 to 8 fold. 71

Epigallocatechingallate 
(EGCG)

Encapsulation of 
EGCG in solid lipid 

nanoparticle

Cytotoxicity of EGCG-SLN in MDA-
MB 231 human breast cancer and 

DU-145 human prostate cancer cells 
was found to be increased.

72

Lipoyl-memantine 
(LA-MEM),

Emulsification-
evaporation- solidifying 

method

LA-MEM loaded SLN were found to 
be a potential candidate for in-vivo 

studies in the brain.
73
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In a study, stealth solid lipid nanoparticles (SSLN) were prepared by Wang et al. 
using polyoxyethylene stearate as stealth agent. The study of evading phagocytic 
uptake by mouse peritoneal macrophages using in- situ model concluded that, 
some amount of SLN and SSLN was uptake by macrophages. The interactions 
between cells and nanoparticles were perfectly evaluated using in situ model74.

CONCLUSIONS

Solid lipid nanoparticle system is a promising drug delivery system for the deliv-
ery of low aqueous soluble drugs as well as several natural products. The present 
review focused on various methods of preparation using various biodegradable 
polymers along with their applications in different fields. The lipids used in the 
preparation of lipid nanoparticles are included in the category of GRAS. SLN are 
considered as a potential and effective technique for controlled and targeted drug 
delivery of various drugs. Due to small particle size, SLN efficiently crosses blood-
brain barrier and hence can efficiently deliver the drug to the brain and used to 
treat various CNS related disorders. Further, due to its nature, SLN can be used 
for the delivery of genetic materials, proteins, peptides and various antimicrobial 
agents. The review also discussed the role of SLN as a carrier in cosmetic for-
mulations. Moreover, with the numerous applications, SLN claims to overcome 
the shortcomings of other colloidal drug delivery system and further seems to be 
promising in designing of ligand-target drug delivery in various chronic diseases.
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INTRODUCTION

Dietary patterns characterized by relatively high intakes of fruits and vegetables 
are consistently associated with reductions in the incidence of noncommunica-
ble diseases such as coronary heart disease, stroke, cancer, and various chronic 
disease1. Berries provide significant health benefits because of their high levels 
of polyphenols, antioxidants, vitamins, minerals, and fibers2. Most berries are 

ABSTRACT

The aim of this work was to determine antioxidant and antimicrobial activities of 
extracts obtained from fresh and dried fruits of Vaccinium macrocarpon, Morus ni-
gra, Fragaria X ananassa. Antioxidant and antimicrobial activity of extracts were 
assayed by DPPH and disc diffussion methods. Antioxidant activity of extracts de-
creased in the following order: Fragaria X ananassa fresh fruit (FAF) > Vaccinium 
macrocarpon fresh fruit (VMF) > Morus nigra fresh fruit (MNF) > Morus nigra 
(MND2) > Morus nigra (MND1) > Vaccinium macrocarpon (VMD1) > Fragaria 
X ananassa (FAD1) > Vaccinium macrocarpon (VMD2) > Fragaria X ananassa 
(FAD2). Fresh fruits showed higher antioxidant activity than dried fruits.  FAF 
showed highest antimicrobial activity aganist E. coli and MND2 showed higher an-
timicrobial activity aganist E. coli and S. aureus in comparison to other extracts. 
Other extracts showed nearly same antimicrobial activity. All extracts showed no 
antimicrobial activity aganist C. albicans.
Keywords: Mulberry, Strawberry, Cranberry, Antioxidant activity, Antimicrobial 
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delicious and powerful disease-fighting foods and make up the largest propor-
tion of fruit that is consumed in the human diet. Berry fruits are popularly con-
sumed not only in fresh and frozen forms but also as processed and derived 
products, including dried3. 

Oxidative stress plays an important role in the pathogenesis of most chronic 
diseases4. ROS is said to play an important role in many chronic diseases such 
cardiovascular diseases, diabetes, inflammation, anaemia, degenerative dis-
eases, cancer5. Antioxidants molecules had defensive effects against reactive 
oxygen species (ROS) in the body. The plants have been known since ancient 
times as a good antioxidant4. Fruits rich in antioxidants can prevent or delay 
oxidative damage6. Fresh fruits are rich in acids, also contain anthocyanins 
and flavonoids7.  Anthocyanins and flavonoids have been identified as strong 
antioxidant8. Especially, berry fruits worldwide known and consumed have 
been well studied Berries, including raspberries, blueberries, black currants, 
red currants, and cranberries are a rich source of dietary antioxidant1.

Vaccinium macrocarpon known as cranberry naturally grows North America. 
Fresh fruits are rich in acids, also contain anthocyanins and flavonoids7. An-
thocyanins and flavonoids have been identified as strong antioxidant8. Morus 
nigra known as mulberry is native to southwestern Asia also cultivated so long 
time and natural origin is unknown. Mulberries contain vitamins, minerals 
and anthocyanins9. Fragaria X ananassa is cultivated variety of strawber-
ries10. Strawberries contain various phenolic compounds such as hydroxycin-
namic acids, ellagic acid, ellagitannins, flavan-3-ols, flavonols, and anthocya-
nins11.

Certain berries rich in tannins have been found to increase bacterial infections. 
Among the berries, cranberries, cloudberries, red raspberries, strawberries, 
and bilberries possess clear antimicrobial effects against human pathogens. 
Berry ellagitannins are strong antimicrobial agents acting as possible anti-
adherence compounds in preventing the colonization and infection of many 
pathogens. Several mechanisms of action in the inhibition of bacteria are in-
volved, such as destabilization of cytoplasmic membrane, permeabilization of 
plasma membrane, inhibition of extracellular microbial enzymes, direct ac-
tions on microbial metabolism, and deprivation of the substrates required for 
microbial growth12, 13. However, there is very little information about the anti-
microbial capacity of phenolics present in berries, except in cranberry3.

The aim of this study was to determine antioxidant and antimicrobial activi-
ties of extracts obtained from fresh and dried fruits of Vaccinium macrocar-
pon, Morus nigra, Fragaria X ananassa.
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METHODOLOGY

Plant Material

Fresh fruits and two different dried fruits of Vaccinium macrocarpon, Morus nigra 
and Fragaria X ananassa were purchased from different local markets (Table 1). 

Table 1. List of sample and abbreviations used in this study

Botanical name Fragaria X ananassa Vaccinium 
macrocarpon Morus nigra

Fresh fruits FAF VMF MNF

Dried fruits 1 FAD1 VMD1 MND1

Dried fruits 2 FAD2 VMD2 MND2

 
Chemicals 

Methanol, ethanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH) were provided from 
Sigma (Steinheim, Germany). Müeller Hinton agar, Saubaroud Dextrose broth 
were provided from Merck (Darmstadt, Germany).

Extraction of Plant Material

All fruit samples (100 g) were ground in a grinder and macerated with methanol 
(200 ml) for four days at room temperature and the extracts were filtered. Then 
methanol was evaporated with rotary evaporator. All extracts were stored in re-
frigerator at 4 Co until use. 

DPPH Radical Scavenging Activity

The ability to scavenge DPPH radical of extracts was determined according to 
the method of Yanping Zou14. Briefly stock extracts were prepared at 10 mg/
mL concentration and diluted to 2,5 mg/mL, 0,625 mg/mL, 0,156 mg/mL with 
methanol. 10 µL of all dilutions were added 190 µL DPPH solution in a well of 
96 well-plate. The mixture was shaken quietly and left in room temperature and 
dark for 30 minutes. After then the absorbance was measured aganist methanol 
using a microplate reader at 517 nm. 

DPPH radical scavenging activity were calculated according to following:

Antioxidant activity (%) = [(A0-A1) / A0]X100

Where A0 is the absorbance of control, A1 is the absorbance of extracts/stand-
ard. Extract concentration providing 50% inhibition (IC50) was calculated from 
the graph plotting inhibition percentage aganist extract concentration. Test were 
carried out in dublicated. Ascorbic acid was used as positive control. 
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In vitro Antimicrobial Activity Assay

In this study, disk diffusion method was used to determine of antimicrobial ac-
tivity of the berries. This method is used for detection whether the samples have 
inhibition effect on microorganisms15. Also used for determination effects of 
drug and comparison of standards16. 

Microbial Strains And Growth Conditions

 The assessment of antimicrobial activity was performed on gram positive bacte-
ria Staphylococcus aureus ATCC 25923, gram negative bacteria Echerichia coli 
ATCC 25922 and yeast Candida albicans ATCC 10231 was determined by the 
disc diffusion method. Bacterial cultures were grown at 37oC for 24 hours in 
Brain Heart Inhibition broth or agar (BHB, BHA, Merck, Darmstadt, Germany), 
yeast strain was grown at 30 oC for 48 hours in Saubaroud Dextrose broth or 
agar (SDB, SDA, Merck, Darmstadt, Germany). Microbial cultures for antimi-
crobial testing were prepared by picking colony from 24 or 48-h-old BHA/SDA 
plates and it was suspended in saline solution to dilute 105-106 CFU/mL (%0,89 
NaCl). The disk diffusion method was performed on Müeller Hinton agar (MHA, 
Merck, Darmstadt, Germany) for bacterial strains and SDA for yeast strain.

Disk Diffusion Method

Each of extracts were diluted in sterile distilled water (0,1 w/v). For the disk diffus-
sion assay 0,1 mL of each microbial suspension was spread on a solid growth me-
dium in a Petri dish. Three sterile paper disk (6 mm diameter) were impregnated 
with 15 uL each plant extract solution and were placed on the surface of agar plate. 
Plates were incubated for appropriate conditions for microbial strains. Antimicro-
bial activity was determined with inhibition zone around the disk following incuba-
tion. Impregnated discs with ethanol used as positive control17.

Minimum Inhibitory Concentration (MIC) Assay

Minimum inhibitory concentration (MIC) is described as the lowest concentra-
tion of antimicrobial agent is needed to kill the bacteria18. MIC of all extracts 
were determined by microdilution techniques in Mueller-Hinton broth (MHB) 
for bacteria. Inoculates prepared in the MHB at a density adjusted to 0,5 McFar-
land turbidity standard and diluted 1/10 for the broth microdilution procedure15.
The data were given as means±standard deviations and analysed by one-way 
analysis of variance (ANOVA) followed by the Tukey’s multiple comparison tests 
using GraphPad Prism. 

RESULTS AND DISCUSSION

Our focus in this study was to complement the previous knowledge of antioxi-
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dant and antimicrobial activities of fresh and dry samples of berries. 

The antioxidant power of fruit is closely correlated to the presence of efficient 
oxygen radical scavengers, such as vitamin C and phenolic compounds19. Berries 
are consistently ranked among the top sources of total phenolics and TAC, with 
levels up to 4 times greater than other fruits, 10 times greater than vegetables20. 
In a study by Tulipani et al. individual contribution was investigated in different 
strawberry cultivars, where vitamin C was found to be one of the most impor-
tant components responsible for more than 30% of the TAC of strawberry ex-
tracts, followed by anthocyanins contributing 25% to 40%21. Viskelis and others 
reported that significantly larger amounts of anthocyanins were determined in 
the overripe cranberries of the cultivars22. Similarly, antioxidant activity in fresh 
strawberry was found to be highest in our study, followed by fresh cranberry and 
mulberry extracts. 

A low IC50 value (the concentration of extract, which is required to scavenge 50% 
of DPPH free radical) means strong antioxidant activity. FAF showed the high-
est antioxidant activity with IC50 value of 0,327 mg/mL, while FAD2 showed the 
lowest antioxidant activity with IC50 value of 3,331 mg/mL in DPPH assay. All 
extracts showed low antioxidant activity compared to standard. It was deter-
mined that fresh extracts showed higher antioxidant activity. Antioxidant activi-
ties of extracts decreased in the following order: FAF>VMF>MNF>MND2>MN
D1>VMD1>FAD1>VMD2>FAD2 (Table 2).

It was thought that, drying and storage conditions may have affected the anti-
oxidant capacity of dry extracts. In the phytochemical studies on these plants, 
it have been reported that this species contained phenolic compounds such as 
flavonoids and anthocyanins intensively. Therefore, the antioxidant activity of 
these fruits might be resulting from the phenolic contents of them. 
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Table 2. Antioxidant activities of extracts 

Extracts / Standards DPPH activity
IC50 (mgmL-1)

FAF 0,327±0,002c

FAD2 3,331±0,024j

FAD1 2,189±0,005h

VMF 0,408±0,007cd

VMD2 2,332±0,054i

VMD1 1,640±0,021g

MNF 0,454±0,005d

MND2 1,145±0,045e

MND1 1,318±0,004f

Ascorbic acid 0,002±0,000a

Butylated hydroxyanisole 0,057±0,000b

Low IC50 value indicates high antioxidant activity.

 
Each value in the table is represented as mean ± SD (n = 3)

Different letter superscripts in the same column indicate significant differences 
(P < 0.05) 

In this study, disc diffusion method was used to determination of antimicrobial 
activity of strawberries, blueberries and black mulberies on E. coli ATCC 25922, S. 
aureus ATCC 25923 and C. albicans ATCC 10231. Inhibition zones were measured 
and shown in Table 3.

This study showed that, dry strawberry (FAD2) has the highest level of antimicro-
bial activity was observed against E. coli. There was no inhibition zone against C. 
albicans. The dry blueberry (VMD2) has inhibition zone of 7 mm diameter against 
S. aureus. 

In addition to disk diffusion method, broth dilution method was also performed 
to observe effect against on E. coli and S. aureus.  Fresh strawberry (FAF), fresh 
blueberry (VMF) and dry black mulberry (MND1) were found that most effective 
on S. aureus. Dry black mulberry (MND1) was also found that most effective ex-
tract against to E. coli (Table 4).

One of the study showed that the highest antimicrobial activity of blueberry against 
E. coli and it has 18,67±1,15 mm inhibition zone also the lowest antimicrobial ac-
tivity was found that against S. aureus and has 11,00±2,00 mm diameter23. How-
ell reported that high-molecular weight proanthocyanidins (condensed tannins) 
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from cranberry juice inhibit the adherence of uro-pathogenic fimbriated E. coli 
and thus offer protection against urinary tract infections24. Compared with our 
study, it was observed that blueberries did not produce any antimicrobial product 
against S. aureus and C. albicans, which showed that higher antimicrobial activity 
against E. coli. Another study showed that blueberry inhibited the growth of E. 
coli and S. aureus, but did not inhibit the C. albicans25. It was shown that, Black 
mulberry has more effectively inhibition against to Gram positive bacteria than 
Gram negative bacteria26. All of the extracts did not have any effect on the growth 
of the yeast species (C. albicans) studied.

Table 3. Inhibition zone around disks

Extracts / Control E. coli S. aureus C. albicans

Ethanol 9 mm 9 mm 10 mm

FAF 6 mm - -

FAD2 10 mm - -

FAD1 11 mm - -

VMF 10 mm - -

VMD2 9 mm - -

VMD1 9 mm - -

MNF - - -

MND2 8 mm 7 mm -

MND1 9 mm - -

 
Table 4. MIC results

Extracts/Control MIC (mg/mL)

S. aureus E. coli 

Ethanol 0,1 0,1

MNF 0,003125 0,05

FAF 0,0015625 0,05

VMF 0,0015625 -

MND2 0,00625 0,0125

FAD2 0,0125 0,1

VMD2 0,0125 0,05

MND1 0,0015625 0,00625

FAD1 0,003125 0,1

VMD1 0,05 -
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In conclusion, fresh samples of fruits showed higher antioxidant and antimicro-
bial capacity than dried samples.  Strawberries also showed higher effects than 
other berry samples. The antioxidative and antimicrobial activity depends on the 
cultivar, growth conditions, storage of raw material, and the method of isolation 
of active substances. Drying can affect the amount and activity of antioxidant in-
gredients. Further studies are needed to verify the antioxidant and antimicrobial 
activity of the compounds of berries.
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INTRODUCTION

Malaria is a major public health problem in sub-Sahara Africa with high rate of 
morbidity and mortality common in children less than 5 years of age and preg-
nant women 1. In the last five years, malaria incidence rates (new malaria cases) 
fell by 37% globally and by 42% in Africa. During this same period, malaria mor-
tality rates fell by 60% globally and by 66% in the African Region2. The recent 
worldwide gain achieved in reducing malaria burden is threatened by emergence 
and spread of drug resistance to artemisinins the most effective antimalarial avail-
able today3-5. Thus, there is need to enrich the antimalarial drug discovery pipeline 
with new effective agents and explore the mechanism of action of promising an-
timalarial agents at the early stage of drug discovery. Fortunately, several unique 

ABSTRACT

There is paucity of information regarding the mechanism of action of medicinal 
plants with antimalarial activity. Thus, the mechanism of action of twenty anti-
malarial plants using the β-hematin inhibition assay was evaluated. Beta-hematin 
synthesis from bovine hemin in the presence of saturated acetate solution at a tem-
perature of 60°C and pH 7.5 was initiated with a fixed concentration of 0.69 mg/
mL of chloroquine or methanol extracts of the selected plants.  The fifty percent 
inhibitory concentration (IC50) of the six most active plant extracts/standard drug 
was determined using linear regression. Two of the plant extracts A. boonei and M. 
charantia (IC50 = 0.09 ± 0.03 and 0.11 ± 0.02 mg/mL), showed significant activity 
than chloroquine (0.36 ± 0.16 mg/ml. P<0.05) a potent β-hematin inhibitor. The 
β-haematin colorimetric assay is a reliable assay for determining the mechanism of 
action of medicinal plants that utilize the pathway.
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pathways have been identified such as; inhibition of DNA synthesis, de novo haem 
biosynthesis, glycolysis and hemozoin formation that can serve as drug targets6-9. 
Inhibition of hemozoin formation was explored in this study. Hemozoin is an in-
soluble, nontoxic disposal product formed from the digestion of haemoglobin by 
some blood-feeding parasites. These hematophagous organisms such as Plasmo-
dium sp., Rhodnius sp. and Schistosoma sp. digest haemoglobin and release high 
quantities of free haem, which rapidly oxidizes to toxic Fe(III) hematin and is fur-
ther  sequestered as a nontoxic crystalline hemozoin also known as β-hematin10-12. 
The formation of hemozoin is essential to the survival of these parasites and can 
be considered as an attractive target for developing drugs for the related diseases. 
Quinine, and its synthetic homologs chloroquine, mefloquine, and others13-15 pu-
tatively work by blocking conversion of hematin to a non-toxic crystalline hemo-
zoin16. Similarly, artemisinin, another antimalarial drug of plant origin has been 
shown to bind to haem17-18. Effort in this report was directed towards the determi-
nation of the mechanism of action of twenty medicinal plants selected from Nige-
rian antimalarial compendium through the β-hematin inhibition assay.

METHODOLOGY

Plants Selection, Collection and Authentication

Twenty plants were selected through an extensive literature search of plants used 
for the treatment of malaria. Twenty plant species from 16 different families were 
collected, and identified by a plant taxonomist at Forestry Research Institute of 
Nigeria (FRIN), Ibadan in March 2013.

Extraction of Plant Materials

Powdered plant material (200 g) were percolated in 70% methanol for 72 h. 
Methanol extracts were filtered and concentrated under vacuum at 40°C using a 
rotary evaporator. Thereafter, the marc was further percolated in 70% methanol 
and processed as described above. The extraction process was repeated 2 times 
for exhaustive extraction of all plant materials. The yields of the methanol extracts 
were determined and extracts stored at -20°C until needed for study.

Reagents

Bovine hemin, pyridine anhydrous 99.8%, hydroxyethylpiperazine-N-[2-ethane-
sulfonic acid] (HEPES), sodium acetate, acetic acid, sodium hydroxide (NaOH) 
and chloroquine diphosphate were obtained from Sigma Aldrich Co. St. Louis, 
U.S.A. Hydrogen chloride (HCl), methanol and  dimethyl sulfoxide (DMSO).  
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Qualitative Determination of Inhibition of ß-Haematin Synthesis of 
Twenty Selected Medicinal Plants 

The assay was performed based on the method of Vargas and co-workers19. A stock 
concentration (25 mg/mL) of the plant extract/standard antimalarial drug (chlo-
roquine) was prepared in aliquot of DMSO and subsequently diluted in solution 
containing 0.1M HCl, methanol and DMSO in the following ratio 5:3:1 to give 12.5 
mg/mL working solution. The final concentration after addition of various rea-
gents in the test plate (24-well plate) resulted in 0.69 mg/mL. Briefly, 10 µL of 
plant extract 1, 2 and chloroquine were dispensed into different wells in column 
1 - 6 in duplicates. In this format two extracts and a standard drug (chloroquine) 
were tested in the 24-well plates. In addition, 10 µL of 1M HCl was added to all 
plant extracts or chloroquine in the 24-well plates. Into the wells in row A and B 
(the first two rows) 100 µL of freshly prepared hematin solution was added while 
wells in row C and D received 100 µL of 0.1M NaOH. The test plate was shaken at 
450 rpm for 10 min. This was followed by addition of 60 µL of saturated acetate 
solution, pre-warmed at 60°C into all the wells. The test plate was further incu-
bated at 60°C for 90 min.  Thereafter, 750 µL of 15% pyridine was added to wells 
in the first and the third rows (row A and C) while 750 µL HEPES (pH 7.5) was 
added to wells in the second and the fourth rows (row B and D). Furthermore, 
the test plate was shaken at 450 rpm for 10 min and allowed to settle for 15 min. 
An aliquot of 100 µL was transferred in duplicates to a new 96-well plate and ab-
sorbance read at 405 nm with a spectrophotometer (SPECTRAmax GEMINI XS, 
Molecular Devices, USA). 

Following the initial screening, methanol extract of 6 most active medicinal plants 
were quantitatively tested on the β-hematin assay at concentrations ranging from 
0.04 to 1.38  mg/mL.The plant extract/drug concentrations were plotted against 
IAnalysis. The IC50 of the plant extract/standard drug was determined using a linear 
regression in a commercially available statistical package Microcal Origin®. 

Data Analysis  

For each plant extract/drug tested, (the absorbance, represented as AAnalysis) there 
was a control analysis (AAnalysis; Blank), which differed from the plant extract/drug 
submitted for the analysis (AAnalysis) by the addition of 750 µL of 20 mM HEPES 
instead of pyridine, after incubation. In addition, for each plant extract/drug, a 
blank control (ACLT; Blank) as well as its blank (ACLTBlank; Blank) were prepared in the 
absence of hematin but with 750 µL of 15% pyridine or 750 µL of HEPES. 

1.	Absorbance of the complex due to the remaining hematin in wells was calcu-
lated using the following formula:
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	 Change in absorbance (ΔAAnalysis) = AAnalysis -AAnalysis; Blank

2.	The residual absorbance (ΔACLT; Blank) of the plant extract/drug independent 
from the inhibition of the β-hematin complex was calculated using the follow-
ing formula: 

	 ΔACLT; Blank= ACLTBlank−ACLTBlank; Blank

3.	The resulting inhibition of the β-hematin synthesis induced by the plant ex-
tract/drug was calculated using the following formula:

IAnalysis= ΔAAnalysis− ΔACLT; Blank

A positive IAnalysis is considered as positive (active sample) whereas a negative value 
indicated a negative result47.The IC50 values were means ± standard deviation of 
three independent experiments.  Mann-Whitney U test was used to compare the 
mean IC50 of the plant extracts with that of chloroquine. P-value < 0.05 was con-
sidered significant.

RESULTS

The IAnalysis values of methanol extracts of the 20 medicinal plants at a fixed con-
centration of 0.69 mg/mL varied and ranged from -0.002 to 0.39 (Table 1). At 
this fixed concentration, nineteen (19) out of the 20 methanol extracts showed 
positive IAnalysis values. Only methanol extract of leaf of Ocimum gratissimum 
showed negative IAnalysis value (-0.002) signifying inability to inhibit the formation 
of β-hematin). Methanol extract of Alstonia boonei stem bark displayed the high-
est IAnalysis value of 0.39 while methanol extract of Sida acuta displayed the lowest 

IAnalysis value of 0.06 at a fixed concentration of 0.69 mg/mL. In addition, the IAnalysis 
value of the standard drug chloroquine was 0.17 (Table 1). 
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Table 1. Percentage Yield and Beta-Hematin Inhibition of Twenty Selected Medicinal Plant 
Extracts

S/N Plants/Drug Family Percentage
Yield (%)

Ianalysis (0.69 mg/
mL)

1. Morinda lucida Rubiaceae 23.0 0.11

2. Terminalia catappa Combretaceae 9.2 0.18

3. Ocimum gratissimum Lamiaceae 7.0 -0.002

4. Cajanus cajan Fabaceae 9.6 0.15

5. Vitex doniana Lamiaceae 6.4 0.13

6. Gossypium barbandense Malvaceae 7.3 0.17

7. Azadirachta indica Meliaceae 12.2 0.12

8. Mangifera indica Anacardiaceae 13.1 0.21

9. Phyllantus amarus Phyllanthaceae 6.3 0.24

10. Senna siamea Fabaceae 10.1 0.09

11. Lawsonia inermis Lythraceae 22.2 0.26

12. Nicotiana tabacum Solanaceae 18.6 0.21

13. Xylopia aethiopica Annonaceae 28.7 0.10

14. Allium sativum Amaryllidaceae 3.0 0.10

15. Euphorbia hirta Euphorbiaceae 11.7 0.07

16. Vernonia amygdalina Asteraceae 15.9 0.12

17. Momordica charantia Cucurbitaceae 9.2 0.26

18. Cymbopogon citratus Poaceae 3.2 0.19

19. Sida acuta Malvaceae 9.8 0.06

20. Alstonia boonei* Apocynaceae 5.2 0.39

21. Chloroquine+ NA NA 0.17

* With the exception of Alstonia boonei where the stem bark extract was test-
ed, the methanol extract of leaves of the other medicinal plants were evaluated, 
+Standard antimalarial drug, NA – not applicable.

In addition, the 50% inhibitory concentration (IC50) of the 6 most active medicinal 
plants from the initial screening was (IAnalysis ≥ 0.21) quantitatively tested on the 
β-hematin assay at concentrations ranging from 0.04 to 1.38 mg/mL. Of the six 
methanol extracts tested, five possessed higher inhibitory activity greater than the 
standard drug chloroquine. Methanol extract of Alstonia boonei was the most ac-
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tive with IC50 value of 0.09 ± 0.03 mg/mL while the extract of Nicotiana tabacum 
was the least active with IC50 value of 0.49 ± 0.05 mg/mL (Table 2). The mean IC50 
value of chloroquine a potent β-hematin inhibitor was 0.36 ± 0.16 mg/mL (Table 
2).

Table 2. Fifty Percent Inhibitory Concentration (IC50) of Ten Medicinal Plants in a Βeta-
Haematin Inhibition Assay

S/N Plant Extracts/Drug IC50 (Mean ± S.D)
(mg/mL)

1  Alstonia boonei 0.09 ± 0.03*

2 Momordica charantia 0.11 ± 0.02*

3 Phyllantus amarus 0.19 ± 0.03

4 Lawsonia inermis 0.24 ± 0.05

5 Mangifera indica 0.25 ± 0.07

6 Nicotiana tabacum 0.49 ± 0.05

Chloroquine 0.36 ± 0.16

 
N = 3, *Chloroquine vs Alstonia boonei and Momordica charantia P<0.05

DISCUSSION

Host haemoglobin is an essential source of amino acids for parasite growth20,21 for 
intraerthrocytic stages of malaria parasite i.e. rings, trophozoites and schizonts20-22. 
The food vacuole of the parasites contains specialised aspartic and cysteine pro-
teases.  These enzymes degrade the protein component of haemoglobin to amino 
acids, which are utilised by the parasite for protein synthesis23-24. The remaining 
part of the degraded haemoglobin is the haem (ferriprotoporphyrin IX), which 
is released intact.  The haem produced along with amino acids after degradation 
of host haemoglobin is toxic to the parasites.  Haem is membrane toxic, capa-
ble of lysing both the parasites and the red blood cells25. The parasites detoxi-
fied haem by converting it to an insoluble, unreactive crystalline material called 
haemozoin (malaria pigment) or β-haematin26.Inhibition of conversion of toxic 
haem to β-haematin by 4–aminoquinolines or the complex formed by toxic haem 
and some antimalarial drugs would effectively allow the build-up of haem to a 
level that become irreversibly toxic to the parasite. Thus, the haemozoin formation 
pathway has been widely studied and explored as the mechanistic pathway for the 
4-aminoquinolines antimalarial drugs such as chloroquine, mefloquine and amo-
diaquine13-15. This pathway is also considered a suitable target for antimalarial 
drug discovery27-29.

The β-haematin formation pathway was explored in this study to evaluate the 
mechanism of antimalarial activity of twenty medicinal plant species from six-
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teen different families reputed to be of importance in ethnomedicine for the treat-
ment of malaria. Nineteen out of the twenty plant extracts showed positive IAnalysis 

values which signified activity against β-hematin synthesis. Two of the plant ex-
tracts (A. boonei and M. charantia), showed significant activity than chloroquine 
(P<0.05). Others active plant extracts were P. amarus, L. inermis, M. indica and 
N. tabacum. These plants showed higher inhibition of β-hematin synthesis than 
chloroquine a known β-hematin synthesis inhibitor.  The previously reported an-
timalarial activity of A. boonei30, M. charantia31-33 P. amarus34, L. inermis30, and 
M. indica35 in a parasite based assay using in vitro P. falciparum might due to in-
hibition of β-hematin synthesis in the parasites. It appears there is no information 
on antimalarial activity of N. tabacum. However, larvicidal, mosquitocidal and 
antioxidant activities of N. tabacom were previously reported 36-37 The mechanism 
of antimalarial activity of these plant species from sixteen different families vis-a-
vis inhibition of β-hematin synthesis is being reported for the first time.

CONCLUSION

The β-hematin colorimetric assay is a reliable assay for determining the mecha-
nism of action of antimalarial agents that utilize the pathway.
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INTRODUCTION

Synthesis and evaluation of efficacious antimicrobial, due to limited number of 
effective drugs1 and antioxidant agents to protect human body from free radicals2 

represent the main goal for the several research groups worldwide. Recently, con-
siderable attention has been given to isoxazoline derivatives due to their varied 
pharmacological activities like antimicrobial3, anti-inflammatory4, anti-tuber-
cular5, antidepressant6, antioxidant7, antitumor and DNA Methyltransferase 1 
Inhibitors8. Therefore, our attempts to find novel antimicrobial and antioxidant 
agents focus on the isoxazoline derivative. A novel series of isoxazolines (3-10) 
were synthesized and characterized by spectral data. Isoxazoline derivatives (3-

ABSTRACT

A novel series of isoxazoline derivatives (3-10) was synthesized and character-
ized by using spectral analysis. The synthesized derivatives were in vitro screened 
against several bacterial species as well as Candida albicans and exhibit moderate 
to potent activity. All the synthesized products were screened qualitatively for their 
antioxidant property by using TLC technique and the percent DPPH radical scav-
enging activity of the potent derivatives (4-6,8) were evaluated. Docking study of 
isoxazoline derivatives 7 and 8 against L-Glutamine: D-fructose-6-phosphate ami-
dotransferase (glucosamine-6-phosphate synthase), the target enzyme in antimi-
crobial chemotherapy, was evaluated to explore the interactions of the synthesized 
hits inside the amino acid residues of the enzyme active site. The docking outcomes 
strongly supported the in vitro assay of new derivatives against several microbial 
species. 
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10) were In vitro screened against several bacterial species (gram positive and 
garm negative) as well as Candida albicans and found to exhibit moderate to 
potent activity. The synthesized derivatives screened for their reducing properties 
with 2, 2-diphenyl-l-picrylhydrazyl (DPPH) radical by the TLC autographic. The 
percent of DPPH scavenging by using spectrophotometric assay for isoxazoline 
derivatives (4-6, 8) which exhibited strong yellow or blue fluorescence under UV 
light in TLC autographic was evaluated. Docking study of the potent antimicro-
bial derivatives (7, 8) against L-Glutamine: D-fructose-6-phosphate amidotrans-
ferase9, the specific target for antibacterial and antifungal agents, was achieved to 
explore and explain the interactions of the discovered hits within the amino acid 
residues of the enzyme active pocket. The docking results enhanced the activity of 
new derivatives as promising antimicrobial agents. Autodock 4.2, the efficacious 
tool for examining the binding alliance of small ligand to enzyme binding pocket10 
was applied to explore the interactions between the isoxazoline derivatives and 
the glucosamine-6-phosphate synthase active site.

METHODOLOGY

General Synthesis

 All starting materials and solvents were obtained from Sigma-Aldrich and used 
without any additional purification. Melting points were measured on a electro-
thermal capillary apparatus and are uncorrected; FT-IR spectrum were recorded 
on a Shimadzu model FTIR-8400S. Mass spectra were obtained on a Shimadzu 
GCMS-QP2010 Ultra apparatus. 1H NMR spectra were achieved with a Bruker 
spectrophotometer model ultra-shield at 300 MHz in CDCl3 or DMSO-d6 solu-
tion with the TMS as internal standard. 

Synthesis of (E)-1-(4-aminophenyl)-3-(3,4-dimethoxyphenyl)prop-
2-en-1-one (1) 

This compound was synthesized according to the procedure described in the 
published work11. Sodium hydroxide (1ml, 40%) was added to a solution of p-
aminoacetophenone (1 mmol) in ethanol (10 mL), and the reaction mixture was 
stirred for half hour. After that 3,4-dimethoxybenzaldehyde (1 mmol) was added 
and the reaction crude was stirred for 24 h. The reaction crude was stand at the 
room temperature. The collected product was dried and purified from ethanol as 
recrystallizing solvent. 

Yellow powder, yield 90%, m.p 124-126◦C; IR (cm-1): 3445, 3347 (NH2), 3150 (aro-
matic C-H), 2963 (aliphatic C-H), 1642 (C=O), 1598 (CH=CH), 1579 (C=C). 1H-
NMR (300MHz, DMSO-d6) δ (ppm): 3.81 (s, 3H, OCH3), 3.86 (s,3H, OCH3), 6.11 
(s, 2H, NH2), 6.61-7.95 (m, 9H, Ar-H, CH=CH). Mass (NCI) m/e: 283 M+ For 
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C17H17NO3. Rf =0.72 (5:5, Hexane:Ethyl acetate).

Synthesis of 4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)
aniline (2)

This compound was prepared as described in reference12. To the starting mate-
rial 1 (1mmol) in ethanol (10ml), a mixture of sodium hydroxide (40%, ml) and 
NH2OH.HCl (1.5 mmol) was added and the crude reaction was refluxed for 15 h. 
The completion of reaction was monitored by a thin layer chromatography using 
ethyl actate: hexane system (1:1). The starting material was precipitate by adding 
crush ice then it was filtered, washing with water, dried and purified using ethanol 
as recrystallized solvent.

Orange powder, yield 90%, m.p 110-113 ◦C; IR (cm-1): 3365 (NH2), 3001 (aromatic 
C-H), 2950 (aliphatic C-H), 1604 (C=N), 1510 (C=C). 1HNMR (300 MHz, CDCl3) 
δ (ppm): 3.24-3.33 (dd, 1H, j= 8.7, 16.5 Hz, CH- isoxazoline), 3.64-3.70 (dd, 1H, 
j= 10.7, 16.5 Hz, CH-isoxazoline),3.88 (s, 2H, NH2), 3.94 (s, 3H, OCH3), 3.96  (s, 
3H, OCH3), 5.64  (m, 1H, CH- isoxazoline), 6.70  (d, j = 8.5 Hz, 2H, Ar-H), 6.85-
6.96 (m, 3H, Ar-H), 7.52 (d, j= 8.56, 2H, Ar-H). Mass (NCI) m/e: 298 M+ For 
C17H18N2O3, Rf =0.72 (1:1, Hexane: Ethyl acetate).

Synthesis of Schiff bases (3-7)

 These compounds were prepared according to the procedure described in the pub-
lished reference13. To solution of substituted benzaldehyde (1mmol) in methanol 
(10ml) with few drops of glacial acetic acid, isoxazoline compound 2 (1mmol) was 
added. The reaction crude was refluxed for 10-12 h and the reaction was checked 
by a thin layer chromatography (ethyl acetate:hexane ,1:1 and 3:7). The precipitate 
was filtered and washed with methanol, dried and recrystallized from ethanol.

1-(4-(dimethoxymethyl)phenyl)-N-(4-(5-(3,4-dimethoxyphenyl)-
4,5-dihydroisoxazol-3-yl)phenyl)methanimine (3)

Yellow off-white powder, yield 50%, m.p 132-134 ◦C; IR (cm-1):  3059 (aromat-
ic C-H), 3001 (aliphatic C-H), 1626 (CH=N), 1610 (C=N), 1521 (C=C). 1H-NMR 
(300MHz, CDCl3) δ (ppm): 3.32-3.41 (dd, j = 8.9, 16.5 Hz, 1H, CH-isoxazoline), 
3.72-3.81 (dd, j = 10.7, 16.4 Hz,1H, CH-isoxazoline), 3.89 (s, 3H, OCH3), 3.90 (s, 
3H, OCH3), 5.71 (m, 1H, CH-isoxazoline), 6.85-7.93 (m, 11H, Ar-H), 8.48 (s, 1H, 
CH=N). Rf =0.78 (1:1, Hexane: Ethylacetate)

N-(4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)-
1-(1H-pyrrol-2-yl)methanimine  (4)

Yellow powder, yield 75%, m.p 173-175 ◦C; IR (cm-1): (N-H), 3055 (aromatic C-H),   
(aliphatic C-H), 1670 (CH=N), 1593 (C=N), 1512 (C=C). 1H-NMR (300MHz, 



74 Acta Pharmaceutica Sciencia. Vol. 56 No. 3, 2018

CDCl3) δ (ppm): 3.38-3.48 (m, 1H, CH- isoxazoline), 3.73 (s, 3H, OCH3), 3.81-
3.86 (m, 1H, CH- isoxazoline), 3.85 (s, 3H, OCH3), 5.56 (m, 1H, CH- isoxazoline), 
6.13-7.99 (m, 10H, Ar-H), 6.28 (s, 1H, CH=N), 9.46 (s, 1H, N-H). Mass (NCI) m/e: 
375 M+ for C22H21N3O3. Rf =0.48 (1:1, Hexane:Ethylacetate).

N-(4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)-
1-(4-nitrophenyl)methanimine (5)

Yellow powder, yield 79%, m.p 149-151 ◦C; IR  (cm-1): 3090 (aromatic C-H), 2997 
(aliphatic C-H), 1627 (CH=N), 1599 (C=N), 1521 -1346 Two band (N-O). 1H-
NMR (300MHz, CDCl3) δ (ppm): 3.40-3.49 (m, 1H, CH-isoxazoline), 3.76 (s, 3H, 
OCH3), 3.79-3.88 (m, 1H, CH-isoxazoline), 3.84 (s, 3H, OCH3), 5.67 (m, 1H, CH-
isoxazoline), 6.68 (s, 1H, CH=N), 6.96-8.91 (m, 11H, Ar-H),. Mass (NCI) m/e: 429 
M+ for C24H21N3O5, Rf =0.79 (1:1, Hexane: Ethyl acetate).

4-(((4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)
imino)methyl)-N,N-dimethylaniline (6)

Orange powder, yield 50%, m.p 159-161 ◦C; IR (cm-1): 3080 (aromatic C-H), 2968 
(aliphatic C-H), 1618 (CH=N), 1606 (C=N), 1521 (C=C). 1H-NMR (300MHz, 
CDCl3) δ (ppm): 3.07 (s,6H, N(CH3)2, 3.29-3.37 (dd, 1H, CH-isoxazoline, j = 16.7, 
8.8 Hz), 3.70-3.81 (dd, 1H, CH-isoxazoline, j = 16.5, 10.6 Hz), 3.89 (s, 3H, OCH3), 
3.95 (s, 3H, OCH3), 5.69 (m, 1H, CH-isoxazoline), 6.69-8.36 (m, 12H, CH=N, 11 Ar-
H). Mass (NCI) m/e: 428 M+ for C26H26N3O3. Rf =0.48 (1:1, Hexane:Ethylacetate).

N-(4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)-
1-(2,4-dinitrophenyl)methanimine (7)

Yellow powder, yield 70%, m.p 172-174 ◦C; IR (cm-1): 3047 (aromatic C-H), 
2997(aliphatic C-H), 1631 (CH=N), 1597(C=N), 1512-1340 Two band N-O. Rf = 
0.60 (1:1, Hexane: Ethylacetate).

Synthesis of methyl (4-(5-(3,4-dimethoxyphenyl)-4,5-
dihydroisoxazole-3-yl)phenyl)carbamate (8) 

This compound was prepared according to the modified procedure described in 
reported work14. A mixture of isoxazoline derivatives 8 (1mmol) and excess of me-
thyl chloroformate (0.2 ml) in acetone (10ml) were strrired for 2hrs. The precipi-
tate formed was filtered, washed with acetone and recrystilized from ethanol

Yellow powder, yield 50%, m.p 119-120 ◦C; IR (cm-1): 3329 broad peak (NH), 
3003  (aromatic C-H), 2937 (aliphatic C-H), 1718 (C=O), 1604 (C=N), 1516 (C=C). 
1HNMR (300 MHz, CDCl3) δ (ppm): 3.37-3.44 (m, 1H, CH-isoxazoline), 3.68 (s, 
3H, CH3), 3.75 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.85-3.87 (m, 1H, CH-isoxazo-
line), 5.64 (m, 1H, CH-isoxazoline), 6.94-7.84 (m, 7H, Ar-H), 9.96 (s, 1H, NH). 
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Mass (NCI) m/e: 356 M+ For C19H20N2O5, Rf =0.56 (7:3, Hexane: Ethyl acetate).

Synthesis 3-(N-substituted-4-aminophenyl)-5-
substitutedarylisoxazoline derivatives 9,10

These compounds were synthesized according to the modified procedure de-
scribed in the published work15. Anhydrous sodium acetate (1.2 mmol) was added 
to a mixture of isoxazoline derivative 2 (1mmol) and the corresponding anhy-
drides (1mmol) (phthalic or maleic anhydride) in glacial acetic acid (3ml) then the 
mixture was refluxed for 1 h. After completion of the reaction (monitored by TLC), 
the reaction crude was added to crushed ice and stirred. The separated product 
was filtered and washed with water, dried and recrystallized from ethanol.

2-(4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)
isoindoline-1,3-dione (9)

Gray powder, yield 68 %, m.p 220-222 ◦C; IR  (cm-1): 3009 (aromatic C-H), 2939 
(aliphatic C-H), 1741, 1712 (C=O), 1604 (C=N), 1518(C=C). Mass (NCI) m/e: 428 
M+ For C25H20N2O5.  Rf =0.48 (3:7, Hexane:Ethylacetate).

1-(4-(5-(3,4-dimethoxyphenyl)-4,5-dihydroisoxazol-3-yl)phenyl)-
1H-pyrrole-2,5-dione (10)

Brown powder, yield 76 %, m.p 139-141 ◦C; IR (cm-1): 3005 (aromatic C-H), 2949 
(aliphatic C-H), 1716, 1668 (C=O), 1606 (C=N), 1518 (C=C). Mass (NCI) m/e: 378 
M+ For C21H18N2O5, Rf = 0.13 (3:7, Hexane:Ethylacetate).

Antimicrobial Studies

The synthesized isoxazoline derivatives (3-10) were screened for their antimicro-
bial activity against Escherichia coli, Pseudomonas aeruginosa (Gram negative), 
Staphylococcus aureus, Streptococcus Spp (Gram positive) as well as Candida al-
bicans by using the well diffusion method (Table 1)16. DMSO was used as a control 
and the test was performed at 2 mg/mL concentration by using DMSO solvent. 
Amoxicillin was used as standard drugs. An experiment for each compound was 
made in triplicate and the average reading was recorded.

Antioxidant study (DPPH. radical scavenging assay)

TLC autographic assay: Few milligrams of isoxazoline derivatives (3-10) dis-
solved in methanol were added to the TLC plate by extremely small capillary. After 
drying, TLC plates were sprayed with methanolic solution of 0.2 % DPPH. The 
plates were examined half hour after spraying. Potent derivative appears as yellow 
or blue spots against a purple background17. 

Spectrophotometric (DPPH) assay: At first 1.0 mL of the samples at concen-
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tration of 100, 300 and 500 µg/ mL was mixed with 0.5 mL of DPPH solution (1.3 
mg DPPH / mL methanol) and the volume was complete to 3 mL with methanol. 
The reaction mixture was left to stand for 30 min in dark place. The control con-
tained all reagents without the sample while gallic acid was used as standard. The 
DPPH radical scavenging activity was determined by reading the absorbance at 
517 nm against the blank.  The capability to scavenge the DPPH radical was calcu-
lated by using the following equation: DPPH scavenging effect (%) = (A0–A1/A0) 
X100, where A0 is the absorbance of the control reaction, and A1 is the absorbance 
in the presence of compounds or standards18. 

Docking study

AutoDock 4.2 tool was used to specify the affinity of the potent isoxazoline deriva-
tives (7, 8) to the binding site of GlcN-6-P synthase as described by the reported 
reference19. The pdb enzyme file of receptor was downloaded from the RCSB Pro-
tein Data Bank (PDB code 1MOQ) and used as a fixed molecule. All the water 
molecules were eliminated and hydrogens were added to the amino acid residues. 
ChemDraw ultra 7.0 software was used to construct the chemical structure of ex-
amined derivatives as mol format, while the open Babel 2.3.1 software was used to 
build the pdb file. The docking study was achieved by using grid dimensions 30.5, 
17.5 and -2.2, respectively. Docking algorithm using Lamarckian Genetic was em-
ployed with 150 population size, 10 runs and 2,500,000 maximum number of en-
ergy evaluations, while the maximum number of generations was 27,000.

RESULTS AND DISCUSSION

Organic Synthesis 

Chalcone derivative 1 and the isoxazoline compound 2 were prepared and char-
acterized as described by our previous work20. Shiff bases (3-7) were synthesized 
from the reaction of isoxazoline derivative 2 with different aromatic aldehydes in 
acidic methanolic solution (Scheme 1).  
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 Scheme 1. (a)  benzyaldehyde-dimethylacetal, MeOH (b) pyrrole-2-carboxalde-
hyde, EtOH (c) p-nitrobenzyaldehyde, EtOH (d) 4-N,N-dimethylbenzylaldehyde, 
EtOH (e) 2,4-dinitrobenzylaldehyde, MeOH (f) methyl chloroformate , acetone(g) 
phthalic anhydride or maleic anhydride, glacial acetic acid

The structures   of the obtained   compounds were confirmed by spectral analy-
sis (see experimental section). The FT-IR spectra of compounds (3-7) showed the 
absorption bands at 1670-1618 cm-1, 1606-1593 cm-1 regions due to the stretching 
vibrations of the CH=N and C=N groups. The disappearance of the NH2 stretching 
frequencies strongly enhances the elucidation of prepared compounds. The mass 
spectra are consistent with the molecular ion peak values of the prepared com-
pounds. The 1HNMR    spectra   of   compound 4 and 5   showed singlet within the 
8.89, 8.91 ppm regions due  to  CH=N protons with the absent of the singlet signal 
at 3.88 related to NH2 group in compound 2. The amide derivative 8 was obtained 
by the reaction of isoxazoline compound (2) with methyl chloroformate in glacial 
acetic acid. IR spectrum showed broad peak at 3329 cm-1 of NH stretching and 
characteristic peak at 1718 cm-1 due to C=O group. 1HNMR spectra showed two 
singlet signals at 3.68 and 9.96 ppm related to CH3OCO and NH protons. The 
reaction between the isoxazoline derivative 2 with phthalic and maleic anhydride 
was carried out (Scheme1) and purified by recrystallization from ethanol to yield 
N-substitutedphthalimide 9 and N-substitutedmaleimide 10 in high yiled. The 
structures of the N-substituteimide derivatives were confirmed by using IR spec-
troscopy. The stretching of two carbonyl groups appeared at 1741, 1712 and 1716, 
1668 cm-1 for compound 9 and 10, respectively. Further elucidation of molecular 
ion was confirmed via Mass spectroscopy.

Antimicrobial Activity

The in vitro assay of the isoxazoline derivatives (3-10) against several microbial 
species was achieved by using 2 mg /mL concentration as illustrated in Table 
1. The tested compounds displayed auspicious activity against different species. 
Compound 7 and 8 were the potent agents against gram positive, gram negative 
as well as Candida Albicans. 
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Table 1. In vitro antimicrobial inhibition zone (mm) of the synthesized compounds

Isoxazoline 
derivatives

Gram positive Gram negative Fungi

E.coli P.aeruginosa S.aureus Streptococcus 
Spp C. albicans

3 15 10 - 11 9

4 - 11 14 11 15

5 10 10 - 12 14

6 13 - - 10 14

7 11 14 18 13 -

8 10 14 15 12 14

9 11 12 - - 13

10 11 - 13 - 16

Amoxicillin 20 15 33 21 28

 
(-) exhibit no activity at specific concentration

Antioxidant Activity

The scavenging properties of all the synthesized derivatives (3-10) were evalu-
ated against DPPH radical by using TLC autographic assay. The isoxazoline de-
rivatives dissolved in methanol were transferred to the one end of a TLC plate 
by using spotting capillary. After drying and spraying the DPPH solution, the 
active compounds (4-6,8) appeared as yellow or blue spots with purple back-
ground. The scavenging activity of the lead derivatives (4-6,8) was determined 
by using spectroscopic method as described in the indicated reference18. The 
relationships between the in vitro percentage inhibition and the concentra-
tion of the potent hits (100, 200 and 300 µg/mL) are summarized in Figure 1. 
 
 
 
 
 
 
 
 
 
a b

Figure 1. a- TLC autographic assay of the isoxazoline derivatives (3-10), b- Comparison of 
DPPH scavenging assay of potent compounds (4-6, 8)
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Docking Study

The docking study of the potent active isoxazoline derivatives (7, 8) toward an-
timicrobial species inside the active pocket of L-Glutamine: D-fructose-6-phos-
phate amidotransferase, the active target for antimicrobial agents was explored. 
As described by the X-ray study, the binding pocket of target enzyme including the 
following subsequent residues, cysteine 300, glycine 301, threonine 302, serine 
303, serine 347, glutamine 348, serine 349, threonine 352, valine 399, serine 401, 
alanine 602 and lysine 603 as shown in Figure 221.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  The binding of glucosamine-6-phosphate inside the active site of target enzyme.

The binding energy of active compounds inside the known three-dimensional 
structure of the specific enzyme was explored by using Autodock 4.2. The binding 
of the best building conformers for compounds 7 and 8 inside the binding pocket 
of L-Glutamine: D-fructose-6-phosphate amidotransferase is illustrated in Figure 
3.
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3D structure of glucoseamine-6-phosphate synthase (GlcN-6-p)

Compound 8 The best conformer of compoud 8 inside 
binding pocket of GlcN-6-P

Compound 7 The best conformer of compoud 7 inside 
binding pocket of GlcN-6-P

Figure 3.  The docking of the best generated conformers of the potent discovered hits (7 and 
8) inside the binding pocket of L-Glutamine: D-fructose-6-phosphate amidotransferase (GlcN-
6-P).

As indicated by molecular docking parameters (Table 1), the high-ranking bind-
ing energies of the generated conformer was - 5.31and - 5.68 kcal mol-1 for com-
pound 7 and 8, respectively. The docking results of all generated conformers of 
compounds within the binding pocket are strongly enhancing antibacterial and 
antifungal activities as depicted in Table 1. Furthermore, the inhibition constant 
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Ki, intermolecular energy and hydrogen bonds were also determined and record-
ed in Table 2. 

Table 2. Docking parameters of isoxazoline compounds (7 and 8)

Compounds
Binding Energy

(Kcal mol-1)
Inhibition 

constant (µM)
Intermolecular 

energy (kcalmol-1)
H-bonds Bonding

-5.31 128.24 -7.7 1 GLN348: HE22:  LIG:O

2 -5.24 144.17 -7.63 1 SER604:HN:  LIG:O

3 -5.00 214.77 -7.39 1 GLY301:HN:  LIG: N

4 -4.85 280.90 -7.23 2 GLY301:HN:  LIG: N

5 -4.77 317.38 -7.16 2 ALA602:HN:  LIG: O

6 -4.58 440.84 -6.96 - GLY301:HN:  LIG: N

7 -4.39 602.48 -6.87 3 ALA602:HN:  LIG: O

8 -4.28 723.19 -6.67 1 -

9 -3.87 1460.00 -6.26 1 GLN348: HE22:  LIG:O

10 -3.55 2490.00 -5.94 - LIG:O:  SER604:O

8 1 -5.68 68.83 -7.47 1 LYS603:HN: LIG:N

2 -5.68 68.30 -7.47 2 GLY301:HN:  LIG: O

3 -5.63 75.14 -7.42 1 GLY301:HN:  LIG: O

4 -5.53 88.24 -7.23 1 -

5 -5.19 157.24 -6.98 - ASP354:HN:  LIG:O

6 -5.13 173.35 -6.92 - LIG:H: ASN305:OD1

7 -5.11 180.95 -6.90 - ASN305:HD22  LIG:O

8 -5.09 187.11 -6.88 1 ASN305:HD22:  LIG: O

9 -4.95 233.34 -6.74 1 GLY301:HN:  LIG: N

10 -4.67 380.49 -6.46 1 -

-

-

ASN600:HD22:  LIG: O

ASN600:HD22:  LIG: O

ASN600:HD22:  LIG: O

CONCLUSION

The present work summarized the synthesis of novel isoxazoline derivatives as 
promising antimicrobial agents. The scavenging activity of the potent antioxidant 
derivatives was estimated by using DPPH radical. On the other hand, docking 
study using Autodock 4.2 was achieved to illustrate the bound state of ligand en-
zyme complex for the potent discovered hits.
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INTRODUCTION 

Nanoparticles are the most fundamental component in the fabrication of nano-
structures. A nanoparticle is bigger than an atom or a simple molecule that is 
governed by quantum mechanics1. Currently, most of applications of silver na-
noparticles are antibacterial and antifungal agents, anticancer nano-drugs2 and 
in the drug delivery3. The biosynthesis is considered of the best ways to reduce 

ABSTRACT

In this work, silver nanoparticles (AgNPs) were biosynthesized from leaves of 
Ziziphus mauritiana Lam. jujube plant in Iraq and tested against fungal patho-
gens. Extract of leaves of Z. mauritiana mixed with 10-3 M AgNO3 exposed to slight 
sunlight for 3 days. Characterization of AgNPs was done using UV-visible spectros-
copy, SPM (scanning probe microscopy) and atomic force microscopy (AFM). The 
change of solution color from pale brown to dark brown and the exhibited maxi-
mum peak at 445 nm accepted as an indicator to biosynthesized AgNPs. Aqueous 
extract of Ziziphus mauritiana is considered as biological reduced and stabilized 
agent for Ag+ to Ag0. AFM showed the formation of irregular shapes of AgNPs. The 
biosynthesized silver nanoparticles have an average of diameter of 67.19. The bio-
synthesized AgNPs from Z. mauritiana leaves were tested as nano-drugs against 
four human pathogenic fungi. The highest concentration 100% of AgNPs has 25 
mm inhibition zone against Candida krusei. These nanoparticles were found to be 
useful to reduce Candidiasis.
Keywords: Pharmaceutical, AgNPs, Candida sp., green nanotechnology, Jujube, 
biosynthesis.
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metal ions to atoms and produce nanoparticles which are prepared by the safe and 
eco-friendly way using microorganisms and extracts of the plant4. Recently, many 
plants were used to synthesize potent AgNPs from Cassia fistula fruit5, Bryophyl-
lum pinnatum leaf extract6 and Limonia acidissima L. leaf 7 against various fun-
gal and bacterial species.

Few recent studies, started in 2014, were achieved to synthesize silver and gold 
nanoparticles using barks, and fruits of Ziziphus spp. and tested against some hu-
man pathogenic bacteria8-10. While Divband et al.11 used the produced nanoparti-
cles from Z. spina christi fly ash to remove Lead (Pb+2) from aqueous solutions. In 
contrast, many studies were achieved in vitro to test bioactivity of crude extracts 
of this plant against bacteria, molds, and yeasts. Also, Alcoholic and aqueous ex-
tracts of the leaves showed the highest inhibition activity toward Candida albi-
cans12 compared with bacterial strains13 because Ziziphus plant leaves have many 
biologically active compounds like phenols, saponins, and alkaloids14. Further-
more, saponin extract of Z. spina-christi has clear antibacterial activity15. Leaves 
of Ziziphus sp. has an antimicrobial effect12,13,15, thus it was used in the treatment 
of wounds, diarrhea, and gonorrhea16.

Jujube, Ziziphus mauritiana, is distributing in western and southern Iraq under 
dry conditions17. The genus Ziziphus sp. belongs to the evergreen herbal plants 
and to Rhamnaceae family18. Generally, many recent studies investigated antifun-
gal activity of Ag-NPs against Candida sp., dermatophytic and plant pathogenic 
fungi19. From literatures, no tests against yeast infections were applied or stud-
ied by silver or gold nanoparticles of Ziziphus spp. This work is considering the 
first achievement for using the biosynthesis eco-friendly silver nanoparticles from 
Ziziphus mauritiana Jujube plant in the treatment of Candidiasis (yeasts infec-
tions) in vitro.

METHODOLOGY   

Fungal Isolates

Four Candida species, C. krusei, C. zeylanoides, C. albicans and C. guillermon-
dii, were obtained from Central Public Health Laboratory, Medical City Hospital, 
Baghdad, Iraq, which were isolated from mouths of patients. These isolates were 
maintained using Sabroud Dextrose Agar and used to detect bioactivity test of 
silver nanoparticles synthesized from Ziziphus mauritiana Lam. Leaves toward 
the fungal pathogens.

Preparing aqueous extract of Ziziphus mauritiana Lam. leaves 

Leaves of Z. mauritiana Lam. were collected from its tree in Baghdad, washed 
with distilled water, dried at room temperature at 25±2 °C, and grinded by the 
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blender. About 200 g of the powder was put in a clean glass bottle, added 2 liters 
of distilled water 1:10 (w/v), and heated for 1 hour at 60 °C. After the cooling, the 
aqueous extract was filtered using Whatman No. 1 filter paper. This solution was 
considered as a crude extract solution and stored at 2 °C until use.

Green synthesis and Characteristics of Ag nanoparticles

The required weight of AgNO3 was dissolved in D.W. and then 5 ml of 10-3 M 
AgNO3 solution was mixed with 45 ml of aqueous extract of Z. mauritiana leaves 
and put in 250 ml-volumetric flask. In another flask 5 ml D.W. was added to 45 ml 
of the aqueous extract as control. The two flasks exposed to slight sunlight at 26±2 
°C for 3 days. When putting AgNO3 solution with aqueous extract of Z. mauritiana 
leaves, the changing in color was observed that indicated formation of AgNPs. 
Characterization of AgNPs was done using UV-visible spectroscopy, SPM (scan-
ning probe microscopy) and AFM (atomic force electron microscopy).

Anti-candidal activity of AgNPs 

Silver Nanoparticles were applied against fungi by determination zone of inhibi-
tion in vitro. Anti-fungal activity of the biosynthesized AgNPs was investigated 
against some Candida species (C. krusei, C. zeylanoides, C. albicans and C. guill-
ermondii) by well diffusion method using Sabouraud Dextrose Agar (SDA). The 
density of the yeast inoculum was adjusted to 105 cfu/ml. One hundred microlit-
ers (100 µl) of the yeast inoculum was added on SDA medium and spread using 
a sterile cotton swab even distribution of the inoculum. A sterile cork was used to 
make 9 mm wells into the plate, added AgNPs solution and left at cooling place 
for 30 min to allow absorption of excess fluid. Of AgNPs concentrations 25, 50, 75 
and 100%, only 50 µl per well were poured into the wells of the plate. The control 
well was studied with 50 µl/well crude sample in each concentration (25, 50, 75 
and 100%) for comparison purpose. These Petri dishes were then incubated at 35 
°C for 18 hours and examined for measuring zone of inhibition.

RESULTS AND DISCUSSION

Characterization of silver nanoparticles

The changing color of the mix (aqueous extract plus AgNO3 solution) takes place 
from pale brown to dark brown color, while no color change is observed in the 
aqueous extract without AgNO3 solution because of the role of Z. mauritiana Lam. 
leaves extract in the mix as a reductant and stabilizer agent. The change in color 
from pale brown to dark brown indicates biosynthesis of AgNPs as mentioned by 
Kredy15. The formation of AgNPs by using Z. mauritiana Lam. leaves extract is 
confirmed by UV-Vis spectroscopy after 27 hr under slight sunlight at 26±2 °C. 
The highest UV-visible peak is 445 nm at absorption 0.925 that confirms the for-
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mation of silver nanoparticles due to excitation of surface plasmon vibrations in 
silver nanoparticles. These results of color and UV-Vis spectrum agree with many 
recent studies for biosynthesis of AgNPs from plants and fungi extracts9,20.

Surface topography and size of the sample film were investigated using Granu-
larity Cumulation distribution chart by scanning probe microscopy (SPM) and 
atomic force electron microscopy (AFM) images. Also, AFM images exhibited the 
histogram of the percentage of AgNPs as a function of the grain size as in Figure 
1. The average particle size determined from SPM is approx. 67.19 nm, and the 
diameters of 50 nm (≤10%), 65 nm (≤50%), 85 nm (≤90%) and 105 nm (≤2.3) as 
shown in Table 1 and Figure 1. The range of diameters is from 55 to 105 nm and 
this is an evidence for silver nanoparticles biosynthesis from Z. mauritiana leaf 
extract. AFM of the surface morphology of the film gives a good indicator for the 
formation of AgNPs. Of SPM imager surface roughness analysis (Figure 2), aver-
age of roughness is 51 nm, core roughness depth is 176 nm and the reduced valley 
depth is 34 nm. The surface topography of the AgNPs exhibited in Figures 2A 
(lateral view) and 2B (3D view) and it is clear that Ag nanoparticles are irregular in 
shape, having a cover of the organic shell21 and are aggregated as in table1. These 
results agree with preparations of gold nanoparticles (AuNPs) from extract of Z. 
mauritiana leaves with range from 20 to 40 nm22.

Table 1. Granularity Cumulation distribution, volume and average of diameters of AgNPs

Diameter (nm)< 55 60 65 70 75 80 85 90 95 100 105

Volume (%) 2.3 29.41 27.06 14.12 11.76 1.18 2.35 3.53 3.53 2.35 2.35

Cumulation (%) 2.35 31.76 58.82 72.94 84.71 85.88 88.24 91.76 95.29 97.65 100

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Histogram of particle size distribution of the biosynthesized silver nanoparticles
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  a b

Figure 2. AFM of the biosynthesized silver nanoparticles

Antifungal activity of the synthesized silver nanoparticles 

The biosynthesized AgNPs from Ziziphus mauritiana leaves were tested as a 
nano-drug against human pathogenic fungi which were isolated from patients’ 
mouth in the Medical City Hospital in Baghdad. The possible anti-fungal activi-
ties of the biosynthesized AgNPs and the aqueous extract were examined toward 
four pathogenic fungi, Candida sp., (C. krusei, C. zeylanoides, C. albicans and C. 
guillermondii) on SDA medium by well diffusion method (Figures 3 and 4). The 
aqueous extract of Z. mauritiana at concentration of 100% showed a slight inhibi-
tory effect toward some Candida species, while concentrations of 25%, 50%, 75% 
were not exhibited any inhibitory effects except with the final two concentrations 
(57% and 50%) as shown in Figure 3. However, this figure showed the bioactivity 
of silver nanoparticles against Candida species is increasing with the increase of 
AgNPs concentrations. The higher inhibitory effect (zone of inhibition) is 25 mm 
against Candida krusei by the concentration 100% of AgNPs compared with 20 
mm by the plant extract alone (100%), followed 24 and 18 mm by the same patho-
gen in case the concentrations 75% and 50% respectively. Furthermore, the lower 
concentration of AgNO3 (25%) was inhibited C. krusei (12 mm) while the con-
centration of extract 25% did not have any inhibitory effect as shown in Figures 
3B and 4. Generally, the concentrations of extract 25%-75% did not inhibit other 
species C. zeylanoides, C. albicans and C. guillermondii (Figure 3A). The zone of 
inhibition of AgNPs is 18 mm when using the concentrations 50% and 100% in 
case C. krusei and C. zeylanoides, respectively. From another hand, the zone of 
inhibition of C. albicans and C. guillermondii is 16 mm when using the dose 100% 
(AgNPs). While the lower inhibitory effect is reached 12 mm by the concentration 
25% for all Candida species (Figure 3B). The results of the zone of inhibition in 
this study agree with biomedical applications of the biosynthesized AgNPs from 
this plant against pathogenic bacteria.
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Some researchers have reported that the positive charge on the silver ion is critical 
for its antibacterial and antifungal activities through the electrostatic attractions 
between the negative charge of the cell membrane of microbes and the positive 
charge of AgNPs23,24. Generally, AgNPs have a moderate inhibitory effect against 
Candida infections that agrees with results of zone of inhibition of AgNPs against 
Candida spp. by Owaid et al.25. The bioactivity of Ziziphus sp. leaves may be re-
turn to their antibacterial and antifungal effects in the crude form as mentioned 
by many studies12,13,15 especially toward Candida yeasts12 because Ziziphus plant 
leaves have phenols, saponins, and alkaloids14. Also, the role of these AgNPs are 
considered as antifungal agents, maybe return to the presence of plant bioorganic 
capping material upon the AgNPs which enables them to observe enhanced anti-
candidal activity26. All these results are agreeing with the recent works8,9,16,22 but 
this study is considered the first test to investigate activity of the biosynthesis Ag-
NPs from leaves of Ziziphus mauritiana Lam. against native Candida spp.

 

Figure 3. Zone of inhibition of aqueous extract of Jujube leaves (A) and its silver 
nanoparticles (B) against Candida species.

Figure 4. Zone of inhibition of Ag nanoparticles and aqueous extracts of Jujube (C) against 
Candida spp.

CONCLUSION
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In this investigation, silver nanoparticles were synthesized in irregular shapes 
from leaves of Ziziphus mauritiana jujube tree in Iraq. The best absorption peak 
was located at 445 nm which established by using UV-Visible spectrum after 
change of color of the mix from pale brown to dark brown. The silver nanoparti-
cles of Z. mauritiana leaves have average of diameter 67.19 nm with ranging from 
55 nm to 105 nm. The biosynthesized AgNPs were used as a nano-drug against 
human pathogenic fungi (Candida sp.) which were isolated from patients’ mouth 
in the Medical City Hospital in Baghdad. The higher anticandidal activity showed 
against Candida krusei with zone of inhibition 25 mm in case AgNPs concentra-
tion 100 % compared with zone of inhibition 20 mm by the plant extract alone 
(100%), followed 24 and 18 mm by the same pathogen in case the concentrations 
of AgNPs 75% and 50% respectively. The lower sensitivity of AgNPs was 12 mm 
recorded for all Candida species at the concentration 25%.
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INTRODUCTION

Epilepsy is a neurological disorder that is associated with a deficiency in gam-
ma-aminobutyric acid (GABA) receptors in the microgyric cortex of the brain1. 
With an estimated 4 to 10 persons per 1000 people in the general population 
with active epilepsy i.e. continuing seizures or need for treatment, epilepsy 
is the fourth most common neurological disorder after migraine, stroke and 
Alzheimer’s disease 2, 3. Of this world-wide incidence, 80% of those with the 
disorder live in low- and middle-income countries where the incidence is prob-

ABSTRACT

The purpose was to develop a colorimetric method for determining gabapentin. 
The method was based on the diazo coupling reaction between diazotized gabapen-
tin and chromotropic acid. The method was validated using ICH guidelines before 
its application to generic brands of gabapentin. 
Coupling reaction generated an orange azo adduct whose absorbance was linearly 
correlated with concentration in the range of 1-6 µg/mL at 470 nm. The method 
was accurate and precise with recovery range of 97.6-103.1%; intra- and inter-day 
precisions (%RSD) were less than 0.65% and showed no statistical difference when 
compared with reference method in the analysis of the dosage forms.  The 3D op-
timization of the adduct revealed an E-type configuration around the azo linkage 
which would contribute to its stability. 
The new method can serve as a reliable alternative to the official method for the 
routine analysis of gabapentin in bulk and dosage forms.
Keywords: Gabapentin, colorimetric analysis, chromotropic acid, diazo coupling 
reaction.
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ably closer to 7 to 14 per 1000 persons3. Epilepsy is characterised by recurrent 
unprovoked seizures which are either generalized or partial. The latter type 
can occur with or without alteration of consciousness also known as complete 
or simple partial seizures respectively4.  While brain surgery and nervus va-
gus stimulation and, strict ketogenic diet are useful management options, drug 
therapy remains the mainstay of epilepsy treatment5-6. Unfortunately, adequate 
seizure control might not be achievable in 20-25% of patients being managed 
on conventional medicinal agents which include carbamazepine, ethosuximide, 
phenobarbital, phenytoin, and valproate7. Consequently, management of these 
patients with uncontrolled seizures often involves the inclusion of the newer 
atypical antiepileptics including gabapentin, lamotrigine, topiramate, leveti-
racetam4. Gabapentin which chemically is 1- (amino methyl) cyclohexane acetic 
acid and a derivative of endogenous GABA is licensed for use in both adult and 
paediatric populations and has since emerged as the most frequently included 
medication in the adjunct treatment of epilepsy. Gabapentin is soluble in water, 
acidic and alkaline media as the molecule in solution can exist in the cationic, 
zwitterionic or anionic form at low, physiological and high pH respectively8-9.

A review of the existing methods of analysis of gabapentin reveal a number of 
procedures that involve derivatization, a step which is necessitated by the mini-
mal presence of chromophores in the analyte. These methods include derivati-
zation prior to colorimetry10-12, fluorimetry13,14, planar chromatographic quanti-
fication15 as well as post column derivatization in chromatographic analysis16. In 
a study comparing the direct spectroscopic methods of analysis of gabapentin 
with those involving derivatization, the latter consistently yielded the highest 
sensitivity, lowest limits of detection and quantification17. Other previously re-
ported methods are non-aqueous titration18 and capillary electrophoresis19. Due 
to the lack of extensive chromophores in gabapentin molecule, several chro-
matographic and electrophoretic methods have been developed and reported 
for the analysis of the drug in bulk samples, dosage forms and particularly in 
biological samples. These methods include HPLC20-25, LC-MS26 and GC-MS27-28. 
However, a few drawbacks are noticeable in a number of these methods. Ma-
jority of the previously reported assay procedures that are based on ion pair 
complexation and liquid chromatography involve an additional step of solvent 
extraction and strict control of pH respectively. Some of the UV methods also 
allow determination only at the UV region which is often fraught with interfer-
ence leading to decreased selectivity. The objective of this study was therefore to 
develop a visible spectrophotometric method which offers comparative advan-
tage over the previously reported methods and is sufficiently accurate to serve 
as an alternative to reference methods.
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METHODOLOGY

Chemicals and reagents

Methanol (BDH UK), ethanol, ethyl acetate, sulphuric acid, hydrochloric acid, 
sodium nitrite (BDH-Poole, England), lactose, magnesium stearate, talc, starch, 
gelatin, distilled water, Chromotropic acid (Sigma Aldrich USA), gabapentin 
chemical reference substance.

Instrumentation

Lambda 25 digital UV/VIS spectrometer (Perkin Elmer Inc., Singapore) with 
1 cm path length and matched quartz cells, thermostatic water bath (Langford 
UK), vortex mixer, analytical balance (Mettler PC 400).

Preparation of solutions

Preparation of 0.3%w/v chromotropic acid solution

A 0.075g quantity of chromotropic acid (CTA) was dissolved in about 15.0 mL 
of water in a 25.0 mL volumetric flask and then made up to volume with dis-
tilled water. 

Preparation of diazonium solution

A 0.01604 g quantity of gabapentin was transferred into a mixture of 2.0 mL 
distilled water and 0.12 mL of 2.0 M HCl contained in a beaker with a means of 
agitation and maintained at 0℃ using an ice bath. An aliquot (5.0 mL) of 0.3 
M sodium nitrite solution was then added to the mixture and stirred for an ad-
ditional 20 mins. Thereafter the volume of the diazonium solution was made up 
to 10.0 mL in a volumetric flask with ice-cold distilled water.

Evidence of coupling reaction

Coupling reaction between the diazotized drug and chromotropic acid was es-
tablished using spot test and thin layer chromatographic analysis. 

Spot test

A 0.5 mL aliquot of the diazonium was added to an equal volume of the chromo-
tropic acid solution in a test tube and vortex-mixed. The colour of the resultant 
azo adducts after 5 mins and 20 mins following incubation at 30 ℃ were noted. 
The procedure was repeated at 70 ℃.  

Thin layer chromatography

TLC analysis of the diazonium, chromotropic and adduct solutions were carried 
out by spotting freshly prepared solutions on pre-coated TLC (GF254 0.2 mm, 
Merck Germany) and then developed using the several mobile phases. 



96 Acta Pharmaceutica Sciencia. Vol. 56 No. 3, 2018

Effect of dilution solvents

The suitability of methanol, ethanol, 1-propanol, ethyl acetate and water to 
serve as the dilution solvent for UV absorbance measurements was investigated 
by using each of the solvent in turn to make up the volume of the adduct.

Selection of analytical wavelength

An aliquot (0.5 mL) of the diazonium solution was added to an equal volume 
of chromotropic acid solution in a test tube. The reaction mixture was vortex 
mixed and then incubated at 30 ℃ for 10 mins after which the solution was 
made up to 5.0 mL with methanol. The UV-vis spectrum, between 190 - 900 
nm, of the azo adduct was then acquired using methanol as blank. The UV-vis 
spectra of 0.5 mL aliquots of chromotropic acid and gabapentin stock solutions 
in methanol were also acquired. 

Optimization of critical response parameters

For the optimization steps, the concentration of diazotized gabapentin utilized 
was 1.604 μg/mL of gabapentin

Optimization of sodium nitrite concentration for diazotization

Different batches of the diazonium solution were prepared using 5 mL of 0.05, 
0.1, 0.2, 0.3, 0.4 and 0.5 M solutions of sodium nitrite as described in 2.3.2. A 
0.5 mL aliquot of each of the diazonium solutions was used in turn to generate 
the adduct with 0.5 mL chromotropic solution. Following incubation at 30 ℃ 
for 10 mins, the reaction mixture was made up to 5 mL volume with methanol 
and the absorbance determined at 470 nm. Each determination was done in 
duplicates.

Optimization of hydrochloric acid concentration for diazotization

The effect of varying the concentration of the HCl used in the diazotization was 
investigated by using equal volumes of 0.5, 1.0, 2.0, 2.5 and 3.0 M HCl solutions 
in turn to prepare different batches of the diazonium solutions. Each diazonium 
solution was then used to generate the azo adduct and the absorbance deter-
mined at 470 nm. Each determination was done in duplicates.

Optimization of volume of hydrochloric acid for diazotization

The effect of varying the volume of the optimized concentration of HCl obtained 
from section on the optimization of hydrochloric acid concentration for diazo-
tization was investigated by using 0.12, 0.25, 0.5, 1.0 and 2.0 mL of the acid 
solution in the diazotization procedure. Each diazonium solution was then used 
to generate the azo adduct and the absorbance determined at 470 nm. Each 
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determination was done in duplicates.

Effect of chromotropic acid concentration on coupling reaction

The effect of varying the concentration of the coupling agent was investigated 
by using different CTA solutions corresponding to 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 2.0 
and 3.0% w/v to obtain the adduct with the diazonium. The absorbance at 470 
nm of each methanolic solution of the adduct was determined. 

Optimization of coupling temperature

Optimization of temperature and time was done using the method of steep-
est ascent29. Equal volumes (0.5 mL) of the diazonium and CTA solutions were 
vortex mixed in test tubes and then incubated at 30℃ for 5 and 20 mins. The 
entire procedure was repeated at 50, 60 and 70℃.  After each time interval, 
the reaction was terminated by cooling in an ice-bath and the volume of each 
reaction mixture made up to 5 mL with methanol. The absorbance was deter-
mined at 470 nm using methanol as blank. Each determination was carried out 
in duplicates. 

Optimization of coupling time

The effect of coupling time was investigated by varying the incubation times 0, 
2, 5, 10, 15, 20, 25 and 30 mins of the azo adduct at the optimized temperature. 
After each time interval, the reaction was terminated by cooling in an ice-bath 
and the volume of each reaction mixture made up to 5.0 mL with methanol. The 
absorbance was determined at 470 nm using methanol as blank. Each determi-
nation was carried out in duplicates. 

Determination of stoichiometric ratio

The Job’s method of continuous variation was employed to determine the stoi-
chiometric ratio that was optimal for colour development30. Into nine test tubes 
containing 0, 0.2, 0.25, 0.33, 0.5, 0.67, 0.75, 0.8 and 1.0 mL of the diazonium, 
appropriate quantities of CTA were added to make the volume 1.0 mL. Each 
reaction mixture was then incubated at 30 ℃ for 10 mins after which the reac-
tion was terminated by cooling in ice and diluting to 5.0 mL with methanol. The 
absorbance of each of the solutions was determined at 470 nm using methanol 
as blank. Each determination was done in duplicates.

Validation studies

The calibration line was obtained from the 3-day average curves using volumes 
of the diazonium solution equivalent to 0.0, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 µg/
mL of the drug. To each of the test tube, 0.5 mL CTA solution was added, mixed 
and then incubated at 30 ℃ for 10 mins. After this, the reaction was terminated 
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by cooling in ice and dilution to 5.0 mL with methanol before the absorbance 
was determined at 470 nm using methanol as blank. Each determination was 
done in triplicates.  Model recoveries and repeatability of the new method was 
carried out on three successive days as stipulated by USP31. The percent recov-
eries of the method as well as the intra- and inter-day precision were deter-
mined at three different concentrations equivalent to 2.0, 3.4 and 5.0 µg/mL 
of the diazotized drug. The current ICH guidelines were employed to determine 
the limits of detection and quantification as the ratio of the 3.3 and 10 stand-
ard deviation of the blank signal (n=6) respectively, divided by the slope of the 
calibration line.

Method selectivity

The interference liabilities of the new method were demonstrated by the de-
termination of the recoveries of spiked amounts of the analyte in the presence 
of commonly pharmaceutical aids including starch, lactose, talc, magnesium 
stearate, gelatin and a mixture of all.  Four replicate analyses were carried out 
with each excipient.

Analytical signal stability

Methanolic solutions of the azo adduct equivalent to 3.4 µg/mL gabapentin 
were divided into one of either two groups: those exposed to diffuse light or 
those protected with aluminum foil coverings. The absorbance of the solutions 
was determined at 30-minute intervals for 3 hours, and after these at twenty-
four and seventy hours. 

Dosage form analysis

The new method was applied to the active pharmaceutical ingredient content 
of three brands of gabapentin. The weight uniformity test was determined on 
twenty capsules and the amount of the powder equivalent to 50 mg of gabapen-
tin transferred to a 10.0 mL volumetric flask. Enough water was added to make 
up the volume and the mixture filtered after adequate equilibration. A portion 
of the filtrate (2.0 mL) was then employed for the diazotization procedure as 
described in section 2.3.2. An aliquot of 0.017 mL of the diazonium (equivalent 
to 3.4 µg/mL gabapentin) was added to 0.5 mL CTA and then mixed for 10 sec-
onds. The reaction mixture was incubated at 30 ℃ for 10 mins after which the 
reaction was terminated by cooling in an ice-bath and dilution with methanol. 
The absorbance was determined at 470 nm with methanol as the blank.  

Non-aqueous titrimetric assay of gabapentin using 0.01 M perchloric acid with 
0.2% crystal violet as indicator was used as the reference method. Six replicate 
analyses of each of the brand were carried out using both methods.
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Infra-Red analysis of the isolated adduct

Spectroscopic characterisation of the isolated azo adduct was carried out by the 
acquisition of the infra-red data of the KBr disc. 

2.13 Statistical analysis

The data obtained from the analysis of gabapentin in dosage forms using the 
new method described in this work and the reference method were compared 
statistically using Student t-test and F-ratio test.  A p value of less than 0.05 was 
considered to show a statistically significant result. 

RESULTS AND DISCUSSION

Evidence of coupling reaction

Diazotised gabapentin reacted instantly with chromotropic acid solution to give 
an intense orange adduct that was quite distinct from the colourless diazonium 
and pale-yellow CTA solutions. Similar results were obtained following incuba-
tion at higher temperature and prolonged time. The colour was stable for more 
than forty-eight hours as monitored by the absorbance. The TLC analysis also 
revealed that the Rf values of the adduct using the mobile phases were different 
from those of the diazonium and CTA solutions. TLC examination also con-
firmed the formation of a mono product as only a single spot was observed in 
the chromatogram.

Selection of analytical wavelength

The overlaid spectra of the drug, the diazonium, CTA and adduct solutions are 
presented in figure 1. The increase in the conjugation associated with the con-
version of the free amino group of the drug to the diazonium functional group 
was evident in the bathochromic shift of the diazonium which absorbed at 
235 and 360 nm when compared with the almost insignificant absorption of 
the drug at 225 nm. On coupling with CTA, the spectra of the azo adduct also 
showed extensive bathochromic shift with absorption peaks at 435 nm.  The 
analytical wavelength was therefore selected at 470 nm at which both the diazo-
nium and CTA showed minimal absorptivities.
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Figure 1. Overlaid spectra of gabapentin, the diazonium, CTA and adduct solutions

Optimization of critical response parameters

The optimization of diazotization conditions for gabapentin is necessitated by the 
fact that being an aliphatic amine, gabapentin lacks aromatic π electrons that can 
stabilize, via delocalisation, the resultant positive charge on its diazonium. The 
conversion of the free amino group in the drug to the diazonium was therefore 
monitored by absorbance changes with increasing concentrations of sodium ni-
trite as shown in figure 2.  The plateau in the absorbance observable at 0.3 M and 
beyond of sodium nitrite concentration as well as the presence of free nitrous acid 
after the optimal diazotization time of 20 mins is indicative of the completion of 
the diazotization process. The results of the variation of acidity on the diazotiza-
tion process also revealed optimal volume and concentration of 0.1 mL and 2.0 M 
HCl respectively. Further increase in the volume of the acid solution resulted in a 
decrease in absorbance as shown in figure 3. Increasing acidity beyond a critical 
point will be expected to impair diazotization because of the decreased solubility 
of the amino carboxylic acid drug as well as the permanent ionization of the amino 
functional group. The effect of CTA concentrations on the colour intensity of the 
azo adduct is depicted in figure 4. The results show that the optimal concentration 
is 0.3%w/v and this was adopted for subsequent work. Further increase in the 
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concentration led to a decline in absorptivity. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Variation in absorbance with concentration of sodium nitrite solution (1.604 μg/
mL of gabapentin)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 3. Optimisation of HCl concentration in the diazotization process (1.604 μg/mL of 
gabapentin)
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Figure 4. Effect of CTA concentration on the absorbance of adduct (1.604 μg/mL of gabap-

entin)

The method of steepest ascent was employed in establishing the optimal cou-
pling temperature and time. The effect of temperature allowed for coupling re-
action to take place as a function of time was carried out at temperature levels 
of 30, 50, 60 and 70℃. The results as depicted in figure 5 reveal that at 5 min 
reaction times, there is a gradual increase in the absorbance values as the tem-
perature increased but, at 20 mins a decrease in absorbance was observed with 
temperature rise. This is most likely due to the thermal decomposition of the 
azo adduct. While an increase in temperature usually increases the rate of di-
azo coupling, it will also hasten the spontaneous breakdown of the less stable 
aliphatic diazonium leading to the formation of the azotate form which lack 
electrophilic character and therefore cannot couple.  A decrease in the thermal 
stability of the adduct formed by an aliphatic diazonium, as is the case with 
gabapentin, is also expected. An optimal temperature of 30 ℃ was therefore 
selected for subsequent work. The optimal reaction time for the adduct forma-
tion was found to be 10 mins as no higher absorbance values were obtained 
with longer coupling times as shown in figure 6. The completion of the coupling 
reaction within 10 mins and at 30 ℃ also attests to the avidity of the reaction 
between the diazonium and the strongly activated CTA which contains two hy-
droxyl groups. 
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Amongst the compounds investigated for their suitability as dilution solvents, 
methanol gave the highest absorbance values and best correlation at the select-
ed analytical wavelength as shown in figure 7. The suitability of methanol may 
be due to its ability to mop up excess water in the medium which may otherwise 
promote hydrolytic degradation of the azo adduct.

 
 
 
 
 
 
 
 
 

Figure 5. Optimisation of coupling temperature (1.604 μg/mL of gabapentin)

Figure 6. Optimisation of coupling time (1.604 μg/mL of gabapentin)
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Figure 7. Optimisation of diluting solvents

Stoichiometric ratio and mechanism of reaction

The variation of the absorbance values with the mole ratio of the coupling agent 
is depicted in figure 8. Maximum absorbance value was obtained when the di-
azonium and CTA combined in 1:1 ratio indicating the presence of only one 
diazotizable group in gabapentin as well as one accessible point of electrophilic 
attack on the coupling agent. This was also consistent with the observation that 
only one spot was obtained in the TLC analysis of the azo adduct. Similar 1:1 
ratios and mono azo products were reported in a number of studies in which 
chromotropic acid was employed as coupling agent with diazotizable drugs32-33.

 

Figure 8. Variation of absorbance of adduct with mole fraction of chromotropic acid
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However, unlike these reports that suggest that the point of electrophilic attack 
of the diazonium on CTA is on the carbon sandwiched between the sulphonic 
and the hydroxyl groups (in which case the stoichiometric ratio should be 2:1 as 
there are two of such chemically equivalent positions with little or no possibility 
of steric interference from each other), we propose that the electrophilic attack 
will be driven by the strongly activating effect of the hydroxyl group present on 
chromotropic acid and thus occur at its para position as depicted in scheme 1. 
The new azo substituent will sterically hinder the approach and attack of anoth-
er diazonium ion on the para position of the peri (second) hydroxyl group. This 
mechanism is also in conformity with the well-documented observation that 
hydroxyl group on naphthyl rings are ortho and para directing when present at 
position 1 and 2 respectively and that substitution in between groups that are 
meta to each other (as is the case with the sulphonic and hydroxyl groups in 
CTA) is less probable due to steric effects34. Thus, a 1:1 ratio is observed. 

The 3D optimization of the azo adduct is presented in figure 9 and it shows 
that the highly staggered arrangement of the chair conformational isomer of 
the alicyclic residue which would contribute to the stability of the azo adduct. 
The configurational arrangement of substituents around the azo linkage is also 
of the E-type which precludes steric interference between the t

 

wo bulky substituents.

Figure 9. 3D optimization of the proposed azo adduct
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Spectroscopic characterization of the azo adduct 

A comparison of the IR spectra of gabapentin and the coupling product reveal 
the formation of a new chemical entity. IR data of gabapentin revealed the pres-
ence of twin absorption bands at 2857.14 and 2925.36 cm-1 which is character-
istic of a primary amino functional group as well as well-defined bands at 3298. 
33 and 1662.91 cm-1 due to the stretching vibrations of the hydroxyl group and 
the carbonyl functional groups respectively. The most diagnostic feature of the 
formation of a new chemical entity is the disappearance of the bands of the 
amino group and the appearance of a new strong absorption band at 1600.00 
cm-1 that can be attributed to the azo linkage. The broadening of the band previ-
ously at 3298.33 cm-1 which can now be observed at 3355.0 cm-1 in the new azo 
adduct confirms that the carboxylic acid group is now present in the azo adduct 
bringing about the OHstr.  

Validation studies

The 3-day calibration revealed that absorbance increased linearly with concen-
tration over the ranges 1.0 – 6.0 µg/mL at 470 nm with a correlation coefficient 
of 0.997. Other analytical and validation parameters are presented in Table 1.

Table 1. Analytical and validation parameters for the proposed method

Performance parameter Value 

Beer’s law limit (µg/mL) 1.0-6.0

Limit of detection (µg/mL) 0.2864

Limit of quantification (µg/mL) 0.8679

Molar absorptivity (L mol-1 cm-1) 6.232x103

Sandell’s sensitivity (µg cm-2) 27.48

Slope ± 95% CI 0.0595±0.0312

Intercept ± SD 0.0386±0.0038

Coefficient of determination 0.9982

Standard deviation of slope 1.42x10(-3)

Standard deviation of intercept 3.42x10(-3)

Interference liabilities (% gabapentin) 95.9±0.01 – 100.0±0.03

 
Accuracy, which is a measure of the closeness of the test results obtained by the 
method to the true value, was determined as the difference between the esti-
mated and the reference values and expressed as percent recovery. The mean 
recoveries of the new method with replicate sample matrices spiked with the 
analyte are therefore indicated in table 2. The intra-day and inter-day variations 
at three different concentrations of the analyte were also determined using per-
centage relative standard deviation. 
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Table 2. Accuracy and repeatability assessment of the new method

Concentration
(µg/mL)

Day 1a Day 2 a Day 3 a
Inter-day 

statistics b

Mean 
recovery 

(%)
RSD

Mean 
recovery

RSD
Mean 

recovery
RSD

Mean 
recovery

RSD

2 97.6±0.005 (%) (%) (%) (%) (%) (%) (%)

3.4 103.1±0.00 0.25 97.6±0.013 0.65 99.5±0.00 0 98.26±0.007 0.35

5 100.6±0.005 0.00 99.4±0.005 0.15 100.8±0.01 0.29 99.4±0.008 0.24

0.10
100.4± 
0.01

0
102.1 
±0.01

0.12 102.5±0.007 0.14

a n=4; b n=12

The proposed method competes favourably with previously reported visible 
spectrophotometric methods for the assay of gabapentin in bulk and dosage 
forms.   

As shown in table 2, the intra-day mean recovery of the method is 98.26–102.5% 
indicating good accuracy while the percentage relative standard deviation for 
the intra-day precision did not exceed 0.35% indicating excellent repeatability. 
For inter-day accuracy, the mean recovery was determined as 96.0–101.47% 
while the percentage relative standard deviation was 0.14–0.35%, indicating 
good reproducibility. The new method therefore showed greater accuracy and 
reproducibility when compared with the intra-day percent recovery values of 
102.13-102.8% and the inter-day percent RSD values of 1.42-2.11% obtained 
using picric acid in the derivatization of gabapentin10. The new method also al-
lowed determination at a wavelength longer than those obtained with the use of 
vanillin12, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone35 or 7,7,8,8-tetracyano-
quinodimethane36 as chromogenic agents. 

Method selectivity

The mean recoveries of the analyte in the presence of excipients varied from 
95.9±0.01 to 100±0.03% showing the selectivity of the method (table 1), except 
with gelatin for which it returned abnormally high absorbance and recovery val-
ues. This is probably due to the acid and/or thermal catalysed degradation of the 
polypeptide into amino acids which causes dispersion in the reaction mixture.

Analytical signal stability

Over the entire test period of seventy hours, the responses obtained from the 
two groups of samples were relatively constant corroborating the sufficient sta-
bility of the azo adduct to permit accurate and convenient quantification of the 
analyte.  
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Application to dosage form analysis

The mean recoveries of the analyte from three commercial brands of gabapen-
tin using the new method and a reference titrimetric method were carried out 
and are depicted in table 3. A statistical comparison between the mean recover-
ies using the Student t test did not reveal any significant difference in the mean 
recoveries obtained with the two methods. Similarly, there was no statistical 
difference in their variances as estimated by the F test. This establishes that the 
new method can therefore serve as a suitable alternative as there are no statis-
tical differences in their accuracy and precision. In addition, the new method 
in comparison to majority of previously reported methods is simple, fast and 
employs readily available non-toxic reagents. The LOD and LOQ are low and 
would permit the determination of the analyte when present in minute amounts 
in sample matrices. The derivatization and signal acquisition did not require 
prior solvent extraction or the strict control of pH with the use of buffers. 

Table 3. Comparative mean recoveries of analyte using the new and reference methods

Drug 
Formulation New Methoda                  Reference Methoda Statistics (p-values)c

%Recovery
± SD b

RSD
(%)

%Recovery 
± SD

RSD
(%) F-test T-test

TEVA   100.7 ± 
0.01 0.24 102.0 ± 

2.83 2.77 0.61 0.76

Biopentin  100.8 ± 
1.08 0.24 102.0 ± 

2.83 2.77 0.62 0.69

Akobal-G  99.5 ± 
0.001 0.18 98.83 ± 

0.41 0.41 0.53 0.75

 
a Mean value, n = 6. % Content of gabapentin stated by USP Pharmacopoeia 
ranges from 90% to 110%

b % recovery calculated as a function of amount of sample utilized

 cStatistical analyses done between the results obtained from the proposed 
method and the Reference method

CONCLUSION 

A new visible spectrophotometric method for the assay of gabapentin in bulk 
and dosage forms has been developed. The new method offers the advantages 
of being fast, reliable, sensitive and sufficiently accurate to serve as a suitable 
alternative to reference methods. 
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