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Abstract: Clindamycin hydrochloride (CLH) is a clinically important oral antibiotic with wide spectrum of antimicrobial

activity that includes gram-positive aerobes (staphylococci, streptococci etc.), most anaerobic bacteria, Chlamydia and

certain protozoa. The current study was focused to develop a stabilised clindamycin encapsulated poly lactic acid

(PLA)/poly (D,L-lactide-co-glycolide) (PLGA) nano-formulation with better drug bioavailability at molecular level. Various

nanoparticle (NPs) formulations of PLA and PLGA loaded with CLH were prepared by solvent evaporation method

varying drug: polymer concentration (1:20, 1:10 and 1:5) and characterised (size, encapsulation efficiency, drug loading,

scanning electron microscope, differential scanning calorimetry [DSC] and Fourier transform infrared [FTIR] studies).

The ratio 1:10 was found to be optimal for a monodispersed and stable nano formulation for both the polymers. NP

formulations demonstrated a significant controlled release profile extended up to 144 h (both CLH-PLA and CLH-PLGA).

The thermal behaviour (DSC) studies confirmed the molecular dispersion of the drug within the system. The FTIR

studies revealed the intactness as well as unaltered structure of drug. The CLH-PLA NPs showed enhanced

antimicrobial activity against two pathogenic bacteria Streptococcus faecalis and Bacillus cereus. The results notably

suggest that encapsulation of CLH into PLA/PLGA significantly increases the bioavailability of the drug and due to this

enhanced drug activity; it can be widely applied for number of therapies.

1 Introduction

Clindamycin hydrochloride (CLH) (7-chloro-7-deoxylincomycin
hydrochloride) is a semi-synthetic analogue of a natural antibiotic
lincomycin. It is available as white crystalline powder and
administered orally. It is commonly used in topical treatment for
acne and infections of the skin, soft tissue and infections and
peritonitis [1]. It can be useful against some methicillin-resistant
Staphylococcus aureus infections [2]. In patients with
hypersensitivity to penicillin, clindamycin is used to treat infections
caused by many susceptible pathogenic aerobic bacteria. It is also
widely used for treatment of many anaerobic infections caused by
susceptible anaerobic bacteria, including dental infections [3].
Clindamycin is also known to be useful in reducing the risk of
premature births in women diagnosed with bacterial vaginosis [4]
and treating toxic shock syndrome in combination with vancomycin
[5]. Antimicrobial mechanisms of clindamycin include breakdown
of bacterial cell membrane and inhibition of toxin synthesis [6]. The
bacteriostatic effect of clindamycin is due to inhibition of bacterial
protein synthesis by binding to the 50S rRNA of the large bacterial
ribosome subunit that inhibits the ribosomal translocation [6].

Clindamycin is a time-dependent antibiotic; exerts its best
bactericidal effect when drug is maintained above the MIC value
in formulation or alone. Hence, the time at which the therapeutic
drug concentration is above the MIC (T>MIC) value is considered
as the primary parameter and should be kept as minimum standard
to achieve the desired clinical outcomes [7]. Therefore,
sustained-release preparation has a primary important role in the
clindamycin delivery.

Currently, there is an urgent need for the development of novel
carriers which could be target specific to achieve therapeutic drug
concentration. Recently nanoparticles (NPs) (diameter: 10–1000 nm)
delivery system has been proposed as colloidal drug carriers [8, 9],
which serve as excellent carriers by enhancing aqueous solubility,
increasing resistance time in the body (increasing half-life for
clearance/specificity for its associated receptors) and targeting drug

to specific location in the body. Moreover, polymeric NPs have
been proved to enhance the oral bioavailability of orally inactive
antibiotics [10]. Various polymers have been employed in the
formulation of NPs for drug delivery research to increase
therapeutic benefits. Among them, poly (D,L-lactide-co-glycolide)
(PLGA), poly lactic acid (PLA), are considered to be highly
beneficial because of their biodegradable and biocompatible nature
[11]. They are widely used for human research due to their FDA
approval (The Food and Drug Administration, USA).

There are several problems associated with conventional methods
of clindamycin use. The drug could not reach into appropriate
amount to the site of infection due to low bioavailability and drug
loss. There are also incidences of low efficacy due to
degradability. We hypothesise that if the drug can be encapsulated
within a biodegradable system, it would enhance the drug
efficiency to a greater extent by conserving its natural therapeutic
property. It will not only protect the drug in its native structure but
also it will be helpful in delivering the required amount of drug at
the target site in an efficient manner. This can be monitored and
compared by analysing the changes in structural and
physiochemical properties of the free drug and the encapsulated
drug. In the current study, an attempt has been made to formulate
CLH-PLA and CLH-PLGA NPs by double emulsion solvent
evaporation method with an aim to overcome the above mentioned
demerits. Here, we propose for a better delivery model to offer
several advantages over conventional administration and delivery
methods, including target specific delivery (e.g. in intracellular
infection) [12, 13], reducing systemic toxicity [14] and also to
facilitate sustained release of drug (antibiotic), minimising dosing
regimens [7]. The characterisation and comparison study of the
above formulated NPs were performed in order to foresee
possibilities to further design an endocytable controlled drug
release system which would provide less alteration to the general
structure of the drug and can be available in intact form at
molecular level. It might be useful in treatment of various bacterial
infections as well as it will reduce other related side effects.
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2 Materials and methods

2.1 Materials

The drug, CLH, polymer;polylactic acid (PLA; molecular weight:
85,000–160,000 Da), poly (D,L-lactic-co-glycolic) acid (PLGA
50: 50; molecular weight: 40,000–75,000 Da) and poly vinyl alcohol
(PVA) were procured from Sigma Aldrich, USA. Dichloromethane
and acetone (analytical grade) were purchased from Merck India Pvt
Ltd. Ultrapure water from Milli-Q water system (Millipore, USA)
was used throughout the study.

2.2 Preparation of CLH-PLA and CLH-PLGA NPs

The CLH-PLA and CLH-PLGA NPs were prepared by following
double emulsion solvent evaporation method according to Machado
and Evangelista [15] with little modifications (Fig. 1). For organic
phase (OP), 0.4 gm of PLGA/PLA polymers were dissolved in 8 ml
organic mixture (dichloromethane: acetone; 85:15, v/v). For internal
aqueous phase (IAP), CLH at varied concentration, that is, 20 mg
(drug: polymer; 1:20), 40 mg (drug: polymer; 1:10). 80 mg (drug:
polymer; 1:5) were dissolved in phosphate buffered saline (PBS) (67
mM, pH 6.0). The two solutions (OP and IAP) were mixed by
ultrasonication (LABSONIC® M, B. Braun Biotech) for 30 s under
cooling (output 4, 40% duty cycle) to form W1/O emulsion. The W1/
O emulsion mixture was slowly added to 100 ml of 1% (w/v)
aqueous PVA solution with a high speed homogenisation at 8500
rpm for 8 min. The resulting w1/o/w2 emulsion was stirred at 300
rpm over night for the maximum evaporation of organic solvent.
Then the precipitated NPs were washed three times with ultrapure
water at 12,000 rpm for 15 min and the supernatants were stored for
estimation of free drug. Finally the pellet samples (NPs) were
lyophilised and then used for further characterisation. The prepared
CLH-PLA NPs were named as CLH-PLA 1(drug: polymer;1:20),
CLH-PLA 2 (drug: polymer;1: 10), CLH-PLA 3 (drug: polymer;1:5).
Similarly CLH-PLGA NPs were named as CLH- PLGA 1(drug:
polymer;1:20), CLH-PLGA 2 (drug: polymer;1: 10), CLH- PLGA 3
(drug: polymer;1:5).

2.3 Characterisation of NPs

2.3.1 Particle size, zeta potential and polydispersity index
measurements: The size (hydrodynamic diameter), size
distribution (poly dispersity index) and zeta potential (surface
charge) of the NPs were analysed by Zeta sizer (Zs 90, Malvern
Instruments Ltd, Malvern, UK). The lyophilised samples were made
an appropriate dilution with PBS (67 mm, pH 6.0). Aliquots from
each preparation batch were sampled in dynamic light scattering
(DLS) cuvettes and NPs were then examined for equivalent
diameters, size distribution, zeta potential and poly dispersity index
(PDI). Particles diameters were assessed at scattering angle of 90°
and at a temperature of 25°C. Then determinations for diameter,
zeta potential and PDI were measured for each preparation (in
triplicate) and the standard deviations were calculated.

2.3.2 Determination of drug loading efficiency: The loading
efficiencies of CLH-PLA and CLH-PLGANPs were calculated
spectrophotometrically using standard curve method prepared by
varying concentration of CLH [16]. For standard curve, different
dilutions of drug in PBS (3 ml) were taken and heated with 3 ml
of 1% KIO4 solution, 2 ml of 30% H2SO4 and 10 ml of
cyclohexane on a water bath at 60° for 45 min then cooled and the
cyclohexane layer was removed. The extraction was repeated (×2)
with 5 ml of cyclohexane and the combined extracts were diluted
to 25 ml before the absorbance was measured at 520 nm. Similar
procedure was followed for supernatants (containing free drugs)
reserved for determination of drug. The OD value was put in the
standard curve equation to find out the total drug content.

The amount of drug loaded in the NPs was calculated by
subtracting the free drug present in the supernatant from the total
drug added during the preparation of the NPs using the following
formula

Loading efficiency %( ) =
Total amount of drug− Free drug

Total amount of drug
× 100

2.3.3 In vitro drug release study: The rate of CLH released
from NPs was measured as a function of time during incubation in

Fig. 1 Preparation of CLH-PLA/PLGA NPs by double emulsion solvent evaporation method
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1X PBS. Triplicate samples of 5 mg NPs were suspended in 1 ml
PBS in a micro centrifuge tube and sonicated briefly in an
ultrasonic water bath. The samples were then incubated on an
orbital shaker (200 rpm) at 37°C. At defined time points, the
samples were centrifuged. The supernatant was collected and the
pellet (NPs) was reconstituted by adding fresh PBS. The drug
content in the supernatant was estimated [16] as discussed above.
The percentage of drug release was plotted against time and the
cumulative release was calculated.

2.3.4 Scanning electron microscope (SEM) study: The
morphology of the NPs was investigated by scanning electron
microscopy (Jeol 6480LV jsm microscope). The NPs were fixed
on adequate support and coated with platinum using platinum
sputter module in a higher vacuum evaporator. Observations under
different magnifications were performed at 20 kv.

2.3.5 DSC analysis: The physical states of CLH-PLA 2,
CLH-PLGA 2 NPs and blank polymeric NPs were characterised
by differential scanning calorimetric thermogram analysis (Netzch
DSC 200 Fs). The samples (∼12 mg) were sealed in aluminium
pans and heated under nitrogen by heating rate of 10°C/min, the
heat flow being recorded from 30°C to 200°C. Indium was used as
standard reference material to calibrate the temperature and energy
scales of the DSC instruments. The data were analysed and DSC
thermographs were plotted with help of Microsoft excel.

2.3.6 Fourier transformed infrared spectra: FT-IR spectra
(Shimadzu FTIR spectrophotometer: Model 8400 S) of CLH,
CLH-PLA 2 and CLH-PLGA 2NPs were recorded in potassium
bromide pellets. The spectrum was recorded between 4000 and
400 cm−1 using a high energy ceramic source and DLATGS
detectors. Characterisation by Fourier transform infrared (FTIR)
was specifically carried out to determine the adsorption of the drug
in the prepared NPs by studying the chemical properties of CLH
conjugated NPs. After getting the information about the functional
groups, its bonding nature with NP was also characterised.

2.3.7 Antibacterial activity: The antibacterial activities of the
CLH-PLA 2, CLH-PLGA 2 NPs and CLH were studied against
Streptococcus faecalis and Bacillus cereus. The minimum
inhibitory concentration (MIC) values were determined by
following CLSI guidelines for the broth microdilution method
[17]. Briefly, bacterial strains were cultured onto Luria Bertani
Agar medium (containing 0.5% peptone, 0.5% yeast extract, 1%
NaCl and 1.5% Agar, at pH 7.5 ± 0.2). The stock solution was
prepared by suspending the NPs in 4 ml of aqueous solution
(phosphate buffer 67 mM, pH 7.4, 0.05% Tween 20 and 0.02%
sodium azide) contained in borosilicate vials. The NPs were
incubated at 37°C under shaking for 24 h. Supernatant samples of
500 µl were collected by centrifugation and stored at 4°C until
checked for antimicrobial activities. Chloramphenicol (a common
antibiotic) was used as the positive control and PBS was used as
the negative control. Bacterial cultures were added to the sterilised
Mueller Hinton Broth (MHB) (containing 30% beef extract, 1.75%
casein acid hydrolysate and 0.15% starch, pH 7.4 ± 0.2). The MIC
was determined by using 2-fold serial dilutions in the medium
(MHB) containing 1.95–1000 µg/ml of the test compounds. To
each well of 96 well microtitre plate, 150 µl of medium (MHB)
was taken in duplicate, to which 10 µl of 0.5 McFarland standard
(1.5 × 108CFU/ml) culture pathogens from MHB was added. The
inoculated plates were incubated at 37°C for 24 h. After
incubation, the bacterial growth was monitored by measuring the
turbidity of the culture by microtitre plate optical colorimeter
(OD600). The MIC was determined as the lowest concentration of
compound at which the visible growth of the organisms was
completely inhibited.

3 Results and discussion

NPs based drug delivery system is now becoming a useful tool for
controlling various acute infectious stages, preventing
complications and their relapse. Therefore, it is helpful in
overcoming the sensible disadvantages with long-term therapies
[18]. In addition, drugs delivered through nanospheres that target
particularly to the infected cells should have reduced cytotoxicity
associated with undesired bio distribution of free drug. Depending
upon the mode of action, NPs based drug delivery systems could
perform better than microparticle based delivery system due to
their size and better presentation of antigen [19, 20].

3.1 Physical properties

Various formulation factors were reported to play a key role on the
physiochemical properties of polymeric nano/micro particles
formed [21]. In this study, CLH loaded in PLA and PLGA NPs
were prepared by W1/O/W2 double emulsion evaporation
technique varying the drug to polymer ratio. The effect of the drug
concentrations (1:20, 1:10, 1:5) on the size of the obtained NPs
were analysed. The physical properties of all the formulations are
mentioned in Table 1. The particle size of PLA NPs (blank) was
recorded as 42.93 ± 1.77 nm. The particle size increased with the
drug encapsulation in to the NPs. The sizes of NPs were 203.35 ±
12.04, 323.5 ± 16.39, 827.4 ± 10.20 nm at different drug to
polymer concentration, that is, 1:20, 1:10 and 1:5, respectively. In
case of PLGA NPs (blank), the particle size was 178.6 ± 12.11 nm,
while for CLH-PLGA 1 (1:20), CLH-PLGA 2 (1:10), CLH-PLGA
3 (1:5), the particle sizes were 196.45 ± 8.78, 258.3 ± 11.23 and
456.5 ± 12.36 nm, respectively. From the particle size analysis
report, it can be concluded that the particle sizes were dependent
on the initial concentration of the drug used during preparation
process. Similar results were also documented earlier [21, 22].
Zeta potential is a scientific term for measurement of
electro-kinetic potential at the surface of the colloidal particles,
which has a great significance in comparing the stability of
colloidal dispersions [23]. The zeta potential indicates the degree
of repulsion between adjacent particles and similarly charged
particles in dispersion. For molecules and particles that are small
enough, a high zeta potential confers stability (dispersion will
resist aggregation). When the zeta potential is low, the attraction
between the particles exceeds repulsive force for which leads to
flocculate.

The zeta potential values of CLH-PLA NPs were ranged from
−17.6 ± 6.55 mV to −30.5 ± 4.95 mV, while for CLH-PLGA NPs;
it varied from −21.7 ± 5.34 mV to −33.5 ± 3.0 mV. The negative
charge confirmed the surface charge of both PLA and PLGA NPs.
However, very interestingly, the zeta potential were highest when
the drug: polymer concentration was 1:10 (−30.5 ± 4.95 mV for
CLH-PLA and −33.5 ± 3.0 mV for CLH-PLGA). The zeta
potential values of CLH-PLA NPs and CLH-PLGA NPs
confirmed that the drug: polymer concentration is important for the
stability of drug loaded NPs. The size and charge distribution
patterns of CLH-PLA 2, CLH-PLGA 2 are shown in Figs. 2 and
3, respectively. The PDI is a measurement for distribution of NPs
and it gives the distribution range from 0.000 to 0.500. Poly
dispersity index >0.5 values indicates the aggregation of particles
[24]. The PDI values for all NPs were within good range. In case
of CLH-PLA NPs, the PDI value was lowest for CLH-PLA 2
(0.219 ± 0.01). Similar results were also found for CLH-PLGA
NPs, where PDI value was found lowest for CLH-PLGA 2
(0.176 ± 0.01).

3.2 Loading efficiency

The loading efficiencies increased with the increase in drug
concentration. In case of CLH-PLA NPs, the loading efficiency
(%) increased from 7.2 ± 2.08 to 24.5 ± 4.29, when the drug:
polymer concentration increased from 1:20 to 1:5. Similarly in
case of CLH-PLGA NPs, the loading efficiencies (%) increased

IET Nanobiotechnol., 2016, Vol. 10, Iss. 4, pp. 254–261

256 & The Institution of Engineering and Technology 2016



from 45 ± 3.45 to 72.35 ± 2.31, when the drug: polymer
concentration increased from 1:20 to 1:5. This study showed the
loading efficiency of CLH to PLGA was higher than CLH to PLA.
CLH loading efficiency depended on the polymer type and the
physical state of the drug (solid form or in solution form) during
processing. The enhanced microencapsulation in case of more
hydrophilic polymers might be ascribed to enhanced molecular
interactions between the drug and the polymer [25, 26]. This study
showed the loading efficiency of CLH to PLGA was higher than
CLH to PLA. This might be due to the reason that PLGA is more
hydrophilic nature than PLA.

3.3 In vitro drug release

In vitro release of CLH was assessed from PLA and PLGA NPs into
PBS (pH 7.4). The release profile of CLH from PLA and PLGA NPs
is illustrated in Fig. 4. It is observed that CLH release profile from
CLH-PLGA in a considerably slower than from CLH-PLA. In
case of CLH-PLA, 50% of the drug was released within 4 h. 75%
release of CLH was realised within a period of up more than 48 h.
However, in case of CLH-PLGA, 50% drug was released within
8 h and 75% release of CLH was realised within a period of up
more than 72 h. The rapid burst effect is very much delayed in
case of CLH-PLGA. That conferred that binding of drug to PLGA
was stronger than to PLA. In vitro release data showed proper
drug (CLH) encapsulation that avoided the burst effect and offered
an extended release profile. Similar type of drug release studies
was observed in etodolac loaded PLGA NPs [27] and
minocycline-loaded PLGA NPs [28]. Thus PLGA-drug can be a
better oral delivery system as it could withstand the drug even

after 4 h which is the standard required time for retaining food in
stomach.

3.4 SEM study

The morphology of CLH loaded PLA and PLGA NPs were analysed
by SEM study. The NPs were spherical structures as confirmed by
SEM (Fig. 5). The surface morphologies of the particles were
rough and rounded. Particles were found to be regular and isolated
in nature. These regular and isolated forms of spherical structures
were also observed earlier by Machado and Evangelista [15] in
case of cefoxitin loaded D, L-PLA NPs. The smooth surface can
also be correlated to lactide content that adds hydrophobicity to
the polymer. Hence, that could prevent the retention of water and
the shrinkage could be avoided while drying. Moreover,
particle-particle contact formation was become less due to
presence of lactide (which causes hydrophobic) and ultimately
prevents agglomeration [29].

3.5 DSC studies

Thermal analytical studies of polymeric drug delivery systems are
vital, since the processes used for their preparation are able to
change the organisation of the polymer chains [30]. Fig. 6 shows
DSC data of CLH, PLA NPs, PLGA NPs, CLH-PLA 2 and
CLH-PLGA 2. In the current study, the blank PLA and PLGA
polymer showed glass transition temperature (Tg) at 64.24°C and
67.5°C, respectively. Tg (glass transition temperature) represents
the measurement of polymer chain flexibility for the lactic acid
polymers that indicates the hydrolysis pattern of the ester bonds
[31]. The usual Tg values reported for PLA and PLGA systems

Table 1 Physical properties of CLH loaded PLA and PLGA NPs

Polymer Sample
(Code)

Drug
(mg)

Polymer
(mg)

Ratio of drug:
polymer

Mean particle size
(diameter in nm ± SD)

Zeta potential
(mV) ± SD

Poly dispersity
index (PDI) ± SD

Encapsulation
efficiency, %

PLA Blank (PLA) – 400 – 42.93 ± 1.77 −24.8 ± 7.67 0.454 ± 0.05 –

CLH-PLA 1 20 400 1:20 203.35 ± 12.04 −19.8 ± 3.88 0.332 ± 0.03 7.2 ± 2.08
CLH-PLA 2 40 400 1:10 323.5 ± 16.39 −30.5 ± 4.95 0.219 ± 0.01 21.35 ± 3.17
CLH-PLA 3 80 400 1:5 827.4 ± 10.20 −17.6 ± 6.55 0.423 ± 0.04 24.5 ± 4.29

PLGA Blank
(PLGA)

– 400 – 178.6 ± 12.11 −32.7 ± 5.01 0.524 ± 0.03 –

CLH-PLGA 1 20 400 1:20 196.45 ± 8.78 −25.5 ± 2.88 0.650 ± 0.05 45 ± 3.45
CLH-PLGA 2 40 400 1:10 258.3 ± 11.23 −33.5 ± 3.0 0.176 ± 0.01 65.69 ± 2.28
CLH-PLGA 3 80 400 1:5 456.5 ± 12.36 −21.7 ± 5.34 0.353 ± 0.03 72.35 ± 2.31

(CLH-PLA1-3, CLH-PLGA 1-3 were named according to drug: polymer ratio. The drug: polymer ratio of CLH-PLA 1, CLH-PLA 2, CLH-PLA 3 were 1:20, 1:10,
and1:5, respectively. Similarly The drug: polymer ratio of CLH-PLGA 1, CLH-PLGA 2 and CLH-PLGA 3 were 1:20, 1:10, and 1:5, respectively). The results
were expressed as mean ± standard deviation

Fig. 2 Distribution pattern of CLH loaded PLA NPs (PLA-CLH 2). The drug: polymer ratio is 1:10. The average size and zeta potential were 323.5 ± 16.39 nm

and −30.5 ± 4.95 mV, respectively

a Size

b Charge
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are more than 37°C (hence, they are glassy in nature) but can be
clearly attributed to the presence of crystallites within the samples
[32]. Thermal analysis data (Fig. 5) showed that pure CLH
possesses an endothermic peak at 150°C related to the melting
point. CLH melting peak was depleted in the thermogram for the
drug loaded PLA and PLGA NPs, indicating the presence of
amorphous CLH in the NPs. Similar results were also observed in
minocycline encapsulated PLGA NPs [28] and in cefoxitin loaded
DL-PLA NPs [14]. With this, it can be suggested that the drug
was more uniformly dispersed throughout the system in case of
PLA and PLGA. The disappearance of the peak referred to the
crystalline melting of the drug which indicates that the drug
clindamycin is uniformly dispersed throughout the polymer matrix
at a molecular level [15, 33].

The results also showed a decrease in glass transition temperature
of PLA and PLGA polymer with respect to nanoencapsulation of the
drug. This may be due to increase in size of the particles whereas the
glass transition temperature is inversely related to size of particles in
case of amorphous polymer [34].

3.6 FTIR analysis

FTIR analysis measures the selective absorption of light by the
vibration modes of specific chemical bonds in the sample. The
observation of vibration spectrum of encapsulated drug permits
evaluation of the type of interaction occurring between the drug
and polymer. This interaction is due to the vibrations of the
atoms involved (in this interaction) can suffer alterations in
intensity and frequency [35]. FTIR studies of CLH-PLA and
CLH-PLGA NPs were performed to characterise the chemical
structure of drug conjugated NPs. Fig. 7 shows the FTIR spectra
of CLH-PLA 2 and CLH-PLGA 2 NPs. Nearly similar peaks
were observed in both the prepared NPs some of which occurred
at 3648 cm−1 (O-H stretching), 3505 cm−1 (O-H stretching),
2946 cm−1 (C-H stretching), 2996 cm−1 (C-H stretching), 1761
cm−1 (C=O stretching), 1458 cm−1 (C-H bending), 1386 cm−1

(N=O bending), 1184 cm−1 (C-N stretching), 1080 cm−1 (C-O
stretching), 870 cm−1 and 756 cm−1 (N-H wags) for the
CLH-PLA 2 NPs whereas 3644 cm−1 (O-H stretching), 2999
cm−1 (C-H stretching), 2955 cm−1 (C-H stretching), 1761 cm−1

(C=O stretching), 1458 cm−1 (C-H bending), 1398 cm−1 (N=O
bending), 1183 cm−1, 1086 cm−1 (C-N stretching), 866 cm−1 and
749 cm−1 (N-H wags) for the CLH-PLGA 2 NPs. As drug has a
secondary amine group on its general structure whose peak is
also detected by FTIR studies. The analysis shows no alteration
of secondary amine structure after conjugation with PLA/PLGA
NPs. However, changes have been found after conjugation with
PLA/PLGA for some functional groups such as C=O, OH those
which are abundant in PLGA/pla NPs. These functional groups
were found very less in number in case of CLH drug alone. From
FTIR studies it can be concluded that there is not much alteration
in general structure of CLH drug because of the presence of OH
group and the drug is present in its native structure without
forming any hydrogen bond with any other functional group. As
CH group is also present in CLH drug, there is no alteration of
CH group in the conjugated drug. C-O bond is common to both

Fig. 3 Distribution pattern of CLH loaded PLGA NPs (PLGA-CLH 2). The drug: polymer ratio is 1:10. The average size and zeta potential were 258.3 ± 11.23

nm and −33.5 ± 3.0 mV, respectively

a Size

b Charge

Fig. 4 In vitro CLH release from CLH-PLA 2 and CLH-PLGA 2 NPs

Fig. 5 SEM photograph of

a CLH-PLA2 (Drug: polymer- 1:10)

b CLH-PLGA2 (Drug: polymer- 1:10)
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polymers and CLH drug. Therefore, it has no effect on to the CLH
drug’s general structure. These observations confirmed that the
intact form of CLH drug and it was not involved in any chemical
interactions with the polymers which were also observed for
nimesulide-loaded ethylcellulose and methylcellulose NPs and
microparticles [21].

3.7 Antimicrobial activity

The antibacterial activities were evaluated for the selected nano
formulations (CLH-PLA 2, CLH-PLGA 2) and CLH drug alone by
determining their MIC values against pathogenic microorganisms.

The MIC values are mentioned in Table 2. In this study, MIC
values of CLH were found to be 0.48 ± 0.01 µg/ml for
Streptococcus faecalis and 1.95 ± 0.04 µg/ml for Bacillus cereus.
However, these MIC values were decreased when the drug was
encapsulated into PLA and PLGA NPs. CLH-PLA 2 showed MIC
values of 0.12 ± 0.05 µg/ml and 0.97 ± 0.08 µg/ml, while
CLH-PLGA 2 showed MIC values 0.24 ± 0.05 µg/ml and 0.48 ±
0.06 µg/ml against Streptococcus faecalis and Bacillus cereus,
respectively. MIC values of CLH were found to be increased, when
the drug was loaded in to PLA and PLGA NPs as proved against
Streptococcus faecalis and Bacillus cereus. Therefore, this study
confirmed the enhanced antibacterial activity of drug loaded
NPs than the standard free drug. Similar enhanced antimicrobial

Fig. 6 DSC data

a Thermal analysis graph of Clindamycin hydrochloride (CLH), blank PLA, CLH conjugated with PLA (CLH-PLA2)

b Thermal analysis graph of Clindamycin hydrochloride (CLH), blank PLGA, and CLH conjugated with PLGA (CLH-PLGA 2)

Fig. 7 FTIR data analysis of

a CLH-PLA 2

b CLH-PLGA-3
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activities of drug loaded NPs were also observed by many researchers
[13, 28, 36].

Hence, proving our hypothesis successful formulations of CLH
loaded in PLA and PLGA NPs were carried out. From the DLS
analysis, 1:10 dilution (drug: polymer concentration) was proved
to be the optimal ratio for the formulation of NPs. From CLH
loading efficiency and release profile studies, more hydrophilic
PLGA offers better encapsulation as well as extended CLH release
profile confirming enhanced molecular interactions. Thermal
analysis studies suggested that CLH was more uniformly dispersed
throughout PLA and PLGA matrix at a molecular level. FTIR
analysis confirmed the unaltered nature of drug CLH (no chemical
interaction with polymer matrix), which was very important
parameter for better efficacy of CLH-PLA/PLGA nano complex.
Enhanced antimicrobial activities of CLH-PLA/ CLH-PLGA NPs
were proved against Streptococcus faecalis and Bacillus cereus
measured through MIC studies. Hence, the CLH drug was
uniformly entrapped in PLA/PLGA NPs and the formulations were
proven to exhibit more effective roles used at lower concentration.

4 Conclusions

The therapeutic efficacy of the drug Clindamycin Hydrochloride was
significantly enhanced by encapsulating into biodegradable polymer
PLA/PLGA based nanoparticulate system when compared with the
free drug. The hypothesis with which we initiated the work has
been rightfully anticipated and we could successfully overcome the
limitations of the drug when used alone. During the current
investigation, CLH-PLA and CLH-PLGA NPs of various sized
particles were formulated by varying the drug to polymer ratio
from 1:5 to 1:20. The size, zeta potential and poly dispersity index
values of CLH-PLA NPs and CLH-PLGA NPs confirmed that the
drug: polymer concentration is important for the stability of drug
loaded NPs. The drug to polymer ratio 1:10 were found to be
optimal ratio for the formulation to be stable and monodispersed
CLH loaded PLA and PLGA NPs. NPs formulation (both
CLH-PLA 2 and CLH-PLGA 2) showed a significantly higher
drug loading efficiency and a controlled release profile extended
up to 144 h. Higher drug loading and an extended CLH release
profile were observed in case of CLH-PLGA NPs which might be
due to higher hydrophilic nature of PLGA that causes enhanced
molecular interaction. The spherical and isolated structures of both
CLH-PLA 2 and CLH-PLGA 2 NPs were confirmed by SEM
study. The smooth surface and isolated nature of NPs can also be
correlated to presence of lactide that enhances hydrophobicity to
the polymer ultimately prevents agglomeration. The thermal
behaviour (DSC) studies of CLH-PLGANPs confirmed the
disappearance of CLH endothermic peak (150°C) which indicated
the uniform dispersion of drug at a molecular level within the
system. From FTIR studies it was demonstrated that there was not
much alteration found in general structure of CLH drug (due to
conserved OH, CH and C-O group etc.) after loading into PLA
and PLGA NPs. The antimicrobial activities were enhanced in
CLH-PLA NPs and CLH-PLGANPs than the standard free drug
evidenced from decrease in MIC values tested against
Streptococcus faecalis and Bacillus cereus. To maintain a
sustained release and drug concentration during all the time of
medication process, our formulations are shown to be useful and
effective. Hence, we can conclude that by encapsulation of CLH

into PLA and PLGA NPs, the various physiochemical properties
of the drug increased to satisfactory extent. The drug was more
effective at lower concentration against pathogenic microorganisms
which can be widely applied in number of therapies by further
designing successful endocytable controlled drug release system.
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