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ABSTRACT 
Gums /mucilage’s are polymers which could be sourced from plants, seaweeds, bacteriological 
activities and animals. This study aims  to investigate the potential of  these polymers as an excipient 
in a surfactant/co surfactant based nano/micro suspension formulation of metronidazole (mtz) (API),  
a basic and poorly aqueous soluble anti protozoan drug using the precipitation method of bottom up 
technique.  Nano/micro suspension formulation of mtz was carried out using single, or combined 
equal ratio of polymers (1:1) involving purified C.olitorious, tragacanth and NaCMC, used inter 
changeably. The nano/micro suspension of mtz formed using combined equal ratios of the purified 
C.olitorious gum and tragacanth, optimized for physicochemical properties produced homogenous 
product with low particle size of 456±0.2nm having moderate viscosity as compared to that involving 
only C.olitorious or tragacanth of particle size values 1.70±0.25µm and 1.75±0.02µm respectively, 
while that involving NaCMC used alone or in combination with other polymers presented a non-
homogenous product. From the study, combined equal ratio of natural polymers performed better as 
suspending agents in nano/micro suspension formulation than single natural polymer though either 
of  them used in the formulation was observed to form a more stable product hence better than the 
synthetic polymer such as NaCMC. 
 
Keywords:  Polymers, Stability, Suspension, Metronidazole, C. olitorious, Tragacanth and NaCMC. 

 
INTRODUCTION 
Polymers refer to a molecule whose structure 
is composed of multiple repeating units from 
which originates a characteristic of high 
relative molecular mass and the attendant 
properties. The unit composing polymer 
derives actually or conceptually from 
molecules of low relative molecular mass. 
Polymers exist in the form of a synthetic and 
natural type by which they play an essential 
and iniquitous role in everyday life

1
. 

Polymers range from familiar synthetic plastics 
(polystyrene) to natural biopolymers such as 
DNA and protein that are fundamental to 
biological structure and functions.  Both the 
natural and synthetic polymers are created via 
polymerization of many small molecules 
known as monomers. Their consequently large 
molecular mass relative to small molecular 
compounds produces unique physical 
properties including toughness and 
viscoelasticity

2
. 

A stabilizer is termed as a chemical that 
inhibits separation of suspension, emulsions 
and foams hence help to prevent or retard an 

unwanted alteration of physical state. The 
potential for excipients to prevent or retard 
degradation will be determined by the factors 
that cause the molecular transformation of 
drugs substance and include: environmental 
compositions such as water vapor and 
sunlight, stresses during conversion to the 
dosage form such as size reduction, 
compaction or sterilization processes, 
interaction between adjacent molecules of a 
drug or between functional groups on the 
same molecule

3
. 

Synthetic polymers are defined as man-made 
polymers or “plastics” well known amongst 
them are polythene, polyvinyl chloride and 
nylon, they are formed by a straight forward 
linking together of monomer units with no loss 
or gain of materials and are often referred to 
as addition polymers or chain-growth 
polymers. 
Carboxymethyl cellulose (CMC or cellulose 
gum) is a cellulose derivative of carboxymethyl 
groups (-CH2-COOH) bound to some of the 
hydroxyl group of the gluco pyranose 
monomers that moves up the cellulose 
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backbone. It is often used as the sodium salt, 
sodium carboxymethyl,cellulose. It is 
synthesized by the alkali-catalyzed reaction of 
cellulose with chloroacetic acid. The polar 
organic acid (carboxyl groups) renders the 
cellulose soluble and chemically reactive

4
. 

CMC is used in food as a viscosity modifier or 
thickener and to stabilize emulsion in various 
products including ice creams. It is also used 
in pharmaceuticals as a thickening agent and 
lubricant in eye drops

5
. CMC is known for its 

excellent water retaining capacity and it is a 
cellulose derivative whereby cellulose is the 
most abundant polysaccharide found in 
nature

6
. 

Tragacanth is a natural gum obtained from the 
dried sap of several species of middle eastern 
legumes of the genus Astragalus including A 
adscendens, A gummifier, A brachycalyx and 
A Tragacantha. Astragulus brachycalyx fisch

7
. 

Gum tragacanth, is viscous, odorless, 
tasteless water soluble mixture of 
polysaccharide obtained from the sap that is 
drained from the root of the plant and dried. 
The gum absorbs water to become a gel which 
can be stirred into paste. The gum is used in 
pharmaceuticals and foods as an emulsifier, 
thickener, stabilizer and text rant additive (cod 
E 413). It is the traditional binder used in 
making artist pastels and it does not adhere to 
itself the same way other gums such as gum 
Arabic do when dry

8
. 

Cochorus olitorious (tossa jute) is an afro 
Arabian variety of plant with genus Cochorus 
and family Tilaceae. It is quite popular for its 
leaves used as an ingredient in an okra slimy 
soup (pot herb)

9
.  Gums can be derived from 

this plant by extraction and purification 
process. 
Application of synthetic polymers  are 
associated with such disadvantage as  high 
cost of processing, toxicity,  environmental 
pollution, non-renewable sources, poor patient 
compliance, poor biocompatibility, release of 
acidic degradation products, poor processing 
ability and rapid loss of mechanical properties 
during degradation

10,11 
while that of natural 

polymers include: ease of microbial 
contamination, batch to batch variation, 
uncontrolled rate of hydration, reduction of 
viscosity on storage

12
. But the  natural 

polymers has such advantages which 
includes: easily biodegradable , bio 
compatible, non-toxic ,low cost, environmental 
friendly, local availablility, better patient 
compliance, public acceptance and edible 
source

13
 while the synthetic polymers is mainly 

non-biodegradable. 
A pharmaceutical micro/nano suspension is a 
finely colloid biphasic dispersed solid particles 
in an aqueous vehicle size close or below 1 

µm without any matrix material
14

.
 
stabilized by 

surfactants
15

 and polymers
16

 prepared by 
suitable methods for drug delivery and 
application through various routes of 
administration such as oral, topical, parenteral, 
ocular and pulmonary routes

17. 
A nano/micro 

suspension not only solves the problem of 
poor solubility and bioavailability but also 
alters the pharmacokinetics of drug hence 
improving drug safety and efficiency. 
Metronidazole (Mtz) is a nitro imidazole 
compound soluble in non-aqueous solvents 
(acetone, propylene glycol) but insoluble in 
water

18
, it can be administered via topical, 

rectal, intravenous (iv) and vaginal route. Mtz 
is marketed under the brand name flagyl® as 
an antibiotic and anti-protozoa medication 
used for treatment of pelvic inflammatory 
diseases and bacterial vaginosis where it 
inhibits acid synthesis by disrupting the DNA 
synthesis of microbial cells

19
. 

The aim of the study is to determine the 
efficacy of metronidazole formed nano /micro 
suspension and assessment of the suspension 
stability using natural and synthetic polymers 
either alone or in combination as stabilizer. 
 
EXPERIMENTALS 
MATERIALS   
Tragacanth, sodium carboxymethyl cellulose 
(NaCMC)(Griffin and Geogy England) 
processed Cochorus olitorious gum, propylene 
glycol. Tween 80 and span 80 (sigma Aldrich, 
England) metronidazole powder (Yinhaarti 
Pharm company China) sucrose, distilled 
water, table centrifuge (Pec medical USA) pH 
meter HANNA H96107 USA ), Brookfield 
viscometer (lab science England),ultra-turax 
homogenizer(IKART25D52, Germany), 
scanning electron microscopy(SEM) (Phenom 
pro X nano Lab USA), Differential scanning 
calorimeter(DSC)(Seiko 5sc/5200, England). 
 
METHODS  
Formulation of metronidazole micro/nano 
suspension   
Adopting the precipitation method of 
nano/micro suspension formulation, a 0.1%w/v 
of polymer processed C.olitorious and the 
other known polymers (tragacanth and 
NaCMC were respectively dispersed in 
40%w/v of distilled water allowed to hydrate 
and homogenized using a high speed 
homogenizer (ultra turax (KART25DS2 
Germany) with 20% w/v sucrose and 10% w/v 
tween 80 a surfactant, added upon continuous 
homogenizer to achieve a complete 
solubilization This forms the aqueous phase. 
A 0.4% w/v metronidazole (Mtz) was 
dispersed in 40% w/v propylene glycol stirred 
in a magnetic stirrer under atmospheric 
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temperature at 500 rpm then 10% w/v of span 
80 a co-surfactant added upon continuous 
agitation to achieve solubilization. This forms 
the non-aqueous phase. 
Suspension formulation was made by drop 
wise introduction of the non-aqueous 
component to the aqueous solution with 
continuous high speed homogenization for a 
certain period of time. The formulae of the 
formulation are followed as in table I. 
The resulting product was removed, stored 
properly in a well-sealed colorless 
glass/plastics container for further 
observation/studies (Table 1: Formulation 
working formulae). 
 
The formulations were observed for stability, 
colour change, homogeneity, particle size 
(SEM), compatibility (FTIR), viscosity 
(Brookfield viscometer) and conductivity 
(conductometer probe). 
 
Determination of Actual Drug Content 
(ADC) of metronidazole in the Formulation 
This determination was carried out by assay 
method involving a non- aqueous titration 
(stoichiometric method) as in the assay of 
metronidazole adopted by Okunrobo, et al 
2007

20. 

 
 
 
 
 

Determination of Percentage Entrapment 
Efficiency (%EE) 
The nano/micro suspension of 10 ml volume 
with known amount of drug content was 
centrifuged at speed of 4000rpm for 45minutes 
and repeated twice. The supernatant content 
of MTZ recovered was analyzed adopting the 
non-aqueous titration (stoichiometric method) 
of metronidazole analysis as adopted by 
Okunrobo, et al 2007

20
 and the concentration 

determined from mean triplicate readings. 
 
Viscosity assessment of formulations 
This was carried out using the Brookfield 
viscometer. 
 
Compatibility Studies of Formulation 
Using the Fourier transform infrared analysis 
(FTIR), compatibility studies were carried out 
to confirm the identity of the test samples (mtz 
and purified C.olitorious gum) and to verify any 
possible interaction between the API, 
polymers and other excipients. 
 
PARTICLE SIZE ANALYSIS 
This was analyzed using the scanning electron 
microscope (Photon pro X). 
 
CONDUCTIVITY ASSESSMENT 
The conductivity was measured using a 
conductometer probe (DDS-- 22C instrument). 
 
. 

 
 
 

RESULTS 
 

Table 1: Formulation working formulae 

Sample 
formed 

P.glycol MTZ 
Twee
n 80 

Span 
80 

Polymers 
Aqueous 
solvent 
(water) 

Ratio of 
surf/Co 

surf 

Total 
vol 
(ml) Vol 

(ml) 
% 

con 
Wt 
(g) 

% 
conc 

Vol 
(ml) 

Vol 
(ml) 

C.olIi 
% w/v 

Trag  % 
w/v 

NaCm
c%w/v 

vol 
% 

conc 

S 80 40 0.8 0.4 20 20 0.06 0.06 - 80 40 1.1 200 

T 80 40 0.8 0.4 20 20 0.06 - 0.06 80 40 1.1 200 

U 80 40 0.8 0.4 20 20 - 0.06 0.06 80 40 1.1 200 

V 80 40 0.8 0.4 20 20 0.12 - - 80 40 1.1 200 

W 80 40 0.8 0.4 20 20 - 0.12 - 80 40 1.1 200 

X 80 40 0.8 0.4 20 20 - - 0.12 80 40 1.1 200 

Note C.oli = Cochorus olitorious  Trag = Tragacanth NaCmc = Sodium carboxymethyl cellulose MTZ = metronidazole P. glycol 
= propylene glycol 
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Table 2: Physical observations for stability involving  
(colour and homogeneity (H)) after 24hours up to 3 months of formulation 

Sample 

Day Weeks 

24hours 3 4 6 8 10 12 

C H C H C H C H C H C H C H 

S G H G H G H G H G H G H G H 

T C H C/B S C/B S C/B S C/B S C/B S C/B S 

U Y H LY H LY S LY S LY S LY S LY S 

V A H A H A H A H A H A S A S 

W Y H Y H Y H Y H Y H Y H Y H 

X B H B S B S B S B S DB S DB S 

Note : C=cream     H=homogenous   G=Grey       C/B=cream brown  S=Separation         
LY= Light yellow A= ash      B=Brown       DB=Dark brown   Y=yellow      L/B= Light brown. 
 
 

Table 3: Rheology and viscosity of the formulation at 60rpm 

Sample 

24 hours 
Month (s) 

1 2 3 

Viscosity 
Mpa-s 

Shear % 
Viscosity 

Mpa-s 
Shear % 

Viscosity 
Mpa-s 

Shear % 
Viscosity  

Mpa-s 
Shear % 

V 178 39.4 180 39.4 178 39.4 175 34.6 

W 162 32.4 167 33.5 164 32.0 163 32.0 

T 155 28.5 156 29.0 156 29.2 156 29.1 

S 241 48.2 244 48.7 242 49.0 241 49.1 

X 119 28.9 116 22.8 115 21.6 114 19.7 

U 139 20.5 137 19.5 134 17.4 130 16.8 

 

 Table 4:  Determination of Actual drug content (ADC)  

Sample 
Mean of triplicate 

volume (ml) 
Mean Drug 
content (g) 

Percent Drug 
content (%) 

S 5.4 0.0930 93.0 

V 5.3 0.090 90.0 

W 5.0 0.0840 84.0 

T - - - 

X - - - 

U - - - 

 

 

Table 5: Drug Entrapment Efficiency (DEE) and  
Percentage Drug Entrapped (%DE) 

Sample 
Mean  supernatant  
drug content (mg) 

Mean drug  
content (g) 

Percent drug  
content (%) 

S 0.062 0.126 67.7 

V 0.064 0.116 64.4 

W 0.058 0.110 65.5 

 

 

 

 

 

 

 

 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES    ISSN: 22775005 
 

Vol. 7(2) Apr-Jun 2018                               www.ijpcsonline.com                               42 

 
Fig. 2: Particle Size Analysis for Sample S (0.06%w/v C.olitorious  

and 0.06%w/v of Tragacanth used in combination) 

 

 

 

 
Fig. 3: Particle size analysis for sample V (0.12% C.olitorious used  alone) 
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Fig. 4: Particle Size Analysis for Sample W (0.12%w/v Tragacanth used alone) 

 

 

 

 
Fig. 5: Plot of Viscosity in centipoise (Cp) against Temp (k) 
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Fig. 6:  Plot of Viscosity (mpa-s) against Time (months) 

 

Table 6: Stability studies at varied temperatures for formulation  
V consisting  only  of  C.olitorious  (0.12% W/V)  as polymer) 

 

 

 
Table 7:  Stability studies at varied temperatures for formulations containing  

combined equal ratio of polymers (C.olitorious (0.06%w/v) and Tragacanth (0.06%w/v) 
Temp. (C) 4.0 + 0.5 25.0 + 0.5 40.0 + 0.5 

Time (months) 0 1 2 3 0 1 2 3 0 1 2 3 

Mean Viscosity (CP) + 
SD n =3 

26.50 
±1.8 

26.48 
±2.1 

26.49 
±4.25 

26.46 
±1.99 

25.53 
±0.66 

25.51 
±3.2 

25.50 
±7.12 

25.50 
±9.25 

25.06 
±8.2 

25.02 
±2.0 

24.98 
±1.4 

24.97 
±5.2 

Colour G G G G G G G G G G G G 

Homogenity H H H H H H H H H H H H 

Percentage Content 
(%) 

93.0+ 
1.15 

92.7+ 
2.58 

92.7 + 
3.05 

88.9 + 
3.31 

88.8+  
0.01 

88.5 + 
1.91 

88.3 + 
2.10 

88.2 + 
4.95 

86.5 + 
6.56 

86.2 + 
4.15 

86.00 + 
8.11 

85.8 + 
7.23 

Entrapment Efficiency 
(%) 

67.8 + 
1.08 

67.7 + 
2.12 

67.7 + 
3.28 

67.6 + 
1.19 

67.6 + 
2.05 

67.5 + 
7.14 

67.6 + 
4.15 

67.5 + 
5.19 

67.5 + 
1.29 

67.4 + 
1.22 

67.4 + 
6.35 

67.3 + 
1.10 

pH 6.0 5.9 5.8 58 58 58 5.7 5.7 5.8 5.7 5.6 5.6 

Mean  Particle 
Size(Nm) + SD  n = 3 

456 
±0.01 

456 
±0.01 

456 
±0.01 

456 
±0.01 

456 
± 0.01 

456 
± 0.01 

456 
± 0.01 

456 
±0.01 

456 
± 0.01 

456 
± 0.01 

456 
±0.01 

456 
±0.01 

Conductivity 
(µs) /cm + SD 

34.5 + 
2.45 

34.3 + 
2.01 

35.0 + 
2.10 

35.1 + 
2.18 

34.5 + 
2.45 

34.7 + 
2.27 

35.1 + 
2.31 

35.3 + 
2.46 

34.5 + 
2.45 

35.0 + 
2.23 

35.3 + 
2.45 

35.6 + 
1.62 

Temp (
O
C)  4.0 ± 0.5 25.0 ± 0.5 40.0 ± 0.5 

Time (months) 0 1 2 3 0 1 2 3 0 1 2 3 

Mean Viscosity (Cp) + 
SD n = 3 

28.35 + 
3.15 

28.33+ 
1.27 

28.33 + 
1.18 

28.32 + 
7.25 

25.80+ 
0.75 

25.78 + 
4.25 

25.77 + 
0.15 

25.75+ 
5.15 

25.06+ 
6.51 

25.02 
+ 7.10 

25..00+ 
3.22 

24.89 + 
0.45 

Colour LG LG LG LG LG LG LG LG LG LG LG LG 

Homogeneity H H H H H H H H H H H H 

Percentage Content 
(%) 

93.0 + 
0.22 

92.8 + 
0.05 

92.8 + 
3.52 

92.7 + 
2.28 

92.8 + 
1.05 

92.5 + 
1.25 

92.3 + 
3.75 

92.1 + 
1.85 

92.2 + 
3.35 

92.0 + 
0.65 

91.8 + 
7.15 

91.6 + 
1.10 

Entrapment Efficiency 
(%) 

66.1 + 
0.25 

66.0 + 
1.30 

66.0 + 
2.15 

65.9 + 
4.75 

66.0 + 
1.25 

66.0 + 
0.00 

66.0 + 
2.25 

59.8 + 
3.35 

66.1 + 
1.90 

60.0 + 
6.25 

59.8 + 
1.19 

59.7 + 
4.05 

pH 7.1 6.9 6.9 6.8 6.9 6.8 6.7 6.7 6.7 6.6 6.5 6.4 

Mean droplet Size(µm 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 1.72 

Conductivity (µs) /cm 
+ SD Cm 

37.5 + 
1.10 

37.3 + 
2.91 

38.0 + 
3.41 

38.0 + 
4.45 

37.5 + 
1.10 

37.7 + 
1.19 

38.1 + 
1.25 

38.3 + 
1.40 

37.5 + 
1.10 

38.1 + 
2.50 

38.3 + 
2.65 

38.5 + 
0.01 
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Table 8:  Stability studies at varied temperatures for 
 formulation w containing only  Tragacath (0.12% W/V)  as the  polymer 

 

 

 
Fig. 7:  Plot of correlation area (Cm

2
) against peak (Cm

-2
) for API (MTZ)  

and the selected formulations (y and w) 
 

DISCUSSION 
Developing a sparingly water soluble drug has 
always been a challenging problem in 
pharmaceutical drug formulations and to 
overcome this, gave rise to the idea of 
formulating these drugs into nano/micro 
suspension drug delivery system by 
incorporation of suitable surfactants and 
polymers. 
The result of this analysis shows that smaller 
particle size in the nano range resulted from 
the formulation consisting of combination of 
polymers while the formulations consisting 

only of a single polymer resulted in particle 
size falling within the micron range. The 
outcome of this result could be ascribed to a 
previous study by Marcota et al 2000,

21
 that 

combination of hydro colloids acts 
synergistically to increase viscosity and 
polymeric activity as a result of effective 
particle size reduction leading to increased 
particle surface area and enhanced liquid 
sorption and penetration leading to acceptable 
bioavailability and therapeutic activity.  The 
combined polymers are presumed to exercise 
synergistic activities to help prevent Ostwald’s 

Temperature (C) 4.0 ± 0.5 25.0 ± 0.5 40.0 ± 0.5 

Time(months) 0 1 2 3 0 1 2 3 0 1 2 3 

Mean viscosity 
(CP) + SD n =3 

24.4 
±0.59 

24.4 
±1.2 

24.38 
±1.20 

24.37 
±0.08 

23.83 
±2.59 

23.81        
±2.10 

23.77      
±1.19 

23.76     
±1.16 

23.51       
±5.60 

23.50      
±4.15 

23.48 
±3.66 

23.45   
±2.55 

Colour Y Y Y Y Y Y Y Y Y Y Y Y 

Homogeneity H H H H H H H H H H H H 

%  drug 
Content 

84.0+ 
0.12 

83.5+ 
1.25 

83.5 
+ 

0.09 

83.25 
+ 

0.11 

82.85+ 
1.10 

82.80 + 
5.50 

82.80 + 
6.51 

82.70 
+ 

3.35 

82.65 
+3.16 

82.60 + 
2.10 

82.50 
+ 

6.25 

82.45 
+3.19 

Entrapment 
Efficiency (%) 

65.5 + 
0.25 

65.45 
+ 

1.20 

65.45 
+ 

2.20 

65.40 
+ 

2.00 

65.20  
+ 

1.90 

65.10  
+ 

4.25 

65.10 
 + 

6.51 

65.05 
+  

0.05 

65.00 
+  

2.51 

64.90 
+ 3.25 

67.4 
+ 

4.90 

63.95  
+ 

1.15 

P
H 

6.8 6.8 6.8 6.8 6.9 6.9 6.9 6.8 6.7 6.7 6.8 6.7 

Mean droplet Size 
µm 

1.76± 
0.1 

1.76± 
0.1 

1.76± 
0.1 

1.76± 
0.1 

1.76± 
0.1 

1.76 ± 
0.1 

1.76 ± 
0.1 

1.76± 
0.1 

1.76± 
0.1 

1.76  ± 
0.1 

1.76 ± 
0.1 

1.76± 
0.1 

Conductivity 
(µs 

+ SD/ Cm 

36.8 
+ 

1.11 

36.6 
+ 

1.21 

36.6 
+ 

2.10 

36.7 
+ 

1.25 

36.7  
+ 

4.45 

36.65 
 + 

1.10 

35.95 
 + 

2.20 

35.90 
+ 

1.16 

35.85 
+  

1.10 

36.0 
 + 

1.15 

36.50 
+ 

3.51 

37.00 
 + 

2.25 
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ripening and agglomeration of the particles 
thereby preventing particle interaction and 
enhancing uniform distribution of the nano or 
colloidal sized particle in the mixture.  
The viscosity result as obtained in Table 6 
show that the C. olitorious gum used in the 
purified form possesses moderate rheological 
properties which can be sustained and this is 
supported by the stability of the formulation 
made using the gum as shown after 3 months 
duration of viscosity study. 
The result of this viscosity assessment shows 
that the C.olitorious gum could be a suitable 
agent for stabilization of formulations 
containing micro/colloidal particles without loss 
of rheological properties and that this activity 
could be more enhanced if two polymers 
(C.olitorious and tragacanth), are combined 
together and used for the formulation

22.
 

The result  as obtained in Table 7, shows that 
formulation S, consisting of combined equal 
ratio of tragacanth and C. olitorious gum),  had 
an  actual drug content of 98% which is same 
as that for formulation V, consisting of C. 
olitorious gum used alone while formulation W 
with tragacanth used alone, had 84% actual 
drug content. Since a loss of suspending 
property of NaCMC when used alone or in 
combination with other polymers was 
observed as in formulations X, T and U, as a 
result of instability of the formulation, 
determination of the actual drug content in 
formulations made with such polymer was not 
furthered.  This result of the actual drug 
content again depicts the effectiveness and 
reliability of the natural polymers (tragacanth 
and C. olitorious) as good stabilizing agent 
when used for the formulation of nano/ micro 
suspension drug delivery and as superior 
agent compared to the synthetic ones 
(NaCMC) which is assumed to be only suitable 
for conventional suspension formulations 
consisting of larger particle size of 
components. The failure of this synthetic 
polymer to carry out its stability enhancing 
property on the nano scale suspension 
formulation shows, superiority of the purified 
gum (C.olitorious) and tragacanth, classed as 
natural polymers when used in colloidal or 
micro particulate forms hence their use should 
be preferred to a synthetic/semi- synthetic 
polymer such as NaCMC in such formulation 
type especially in the presence of non-ionic 
surfactants. 
 The nano/micro suspension formulation was 
optimized for mean particle size, physical 
stability, and homogeneity and conductivity 
test after three (3) months study of the various 
formulations. 
Formulation S, made using combined equal 
ratio (1:1) of C. olitorious gum and tragacanth 

with equal ratio of surfactant (tween 80)/ co 
surfactant (span 80) and equal ratio of 
aqueous/ non-aqueous solvents was found to 
have mean particle size of 456±125nm, 
homogenous and stable on physical 
observation. 
Formulation V made with the purified C. 
olitorious gum used alone as the polymer 
along with other excipients had a resultant 
mean particle size of 1.70±0.25µm, 
homogenous and stable and formulation W 
consisting of only tragacanth as the polymer 
along with other excipients had a mean 
particle size of 1.75 ± 0.02µm, stable and 
homogenous. This shows that the purified 
C.olitorious gum could be more effective in film 
forming and impacting better protective actions 
around the active drug particles than 
tragacanth and hence could possess a better 
stabilizing property. 
The mean conductivity values obtained from 
the various homogenous formulations 
(formulation V, S and W) are 37.8±3.45µs/cm, 
34.85±2.28µs/cm and 35.35±3.24µs/cm 
respectively. These values are lower than the 
conductivity value of tap water which is about 
50µs/cm

23
, this result therefore indicates that 

the excipients used for the formulation and the 
product formed are associated with little or no 
ion or trace element composition that might 
cause migration of particles  and particle- 
particle interaction leading to product 
instability.  
A plot of correlation area against peak 
absorbance values of API and that for the 
various peak absorbance values obtained from 
the homogenous formulations was made as 
shown in fig.7, and this graphical 
representation of the plot further reveals that 
no interaction occurred in the formulations of 
the nano/micro suspension delivery system 
involving metronidazole as active 
pharmaceutical ingredient with other excipient 
except for that containing NaCMC. This is 
shown by all the peak values falling along 
same line with a narrow area of difference in 
peak and absorbance(s) of all functional 
groups contained since they were all found 
aligning at a particular point on the correlation 
area and at about 100 Cm

2
. 

 
CONCLUSION 
The result of the study following the 
precipitation technique adopted shows high 
efficacy of the purified gum (C.olitorious) and 
tragacanth termed as natural polymers in 
enhancing stability of colloidal or micro 
particulate suspension formulation as they 
produced stable and homogenous product 
hence use of such natural polymers should be 
given preference to synthetic ones (NaCMC) 
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especially in the presence of non-ionic 
surfactants in micro/nano suspension 
formulations as this technique will assist to 
reduce frequency of drug administration, 
enhance drug delivery and influence a better 
therapeutic performance of the active drug 
component. Interest on the development and 
application of this technique should therefore 
be encouraged in pharmaceutical dosage 
formulations. 
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APPENDICES 
 

Appendix 1: Calculation of Drug content 
Drug content in relation to 25ml (0.1g) MTZ nano/micro suspension=0.0930 for sample S 
For 50ml (0.2g) MTZ drug content =2 X 0.0930 = 0.1860g. 
Drug entrapped for sample S = 0.1860-0.062 = 0.1792g (Drug content – Supernatant content). 
                                                     

 

Appendix 2: Mean triplicate pH  
of formulation after 3 months 

Sample 
pH 

1 Month 2 months 3 months 

S 5.4 6.4 6.4 

V 6.7 - - 

W 6.2 6.0 - 

T 7.1 7.1 7.1 

X 6.8 6.9 6.7 

U 7.0 - - 
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