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ABSTRACT 
The nano/micro formulation of the mtz suspension made with the purified C. olitorious gum used 
alone or with other standard polymers such as tragacanth which was also  used alone  and in 
combination with other polymers showed stability and produced homogenous dispersion of 
components in the formulation with no physical change observed after a short period of time. This 
signifies that the purified C.olitorious gum has no interaction effect with metronidazole used as the 
API. This was supported by the  FTIR analysis results which showed no loss of peak absorbance values 
of the functional groups as  possessed in the metronidazole structure when formulations with the 
purified gum was analyzed. This result of the actual drug content of the nano/micro suspension 
formulation depicts the natural polymers (tragacanth and C. olitorious) as good stabilizing agent 
when used for the formulation of nano/ micro suspension drug delivery. The nano/micro suspension 
formulation optimized for mean particle size, physical stability, homogeneity and conductivity test 
after three (3) months study, shows formulation S, made using combined equal ratio (1:1) of C. 
olitorious gum and tragacanth as having optimum characteristics for stability of nano/micro 
suspension formulation.  
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INTRODUCTION 
Nano suspensions  is a form of 
nanotechnology involving the formulation of a 
colloidal dispersion of nano sized drug 
particles stabilized by polymers and 
surfactants hence are biphasic system 
consisting of pure drug particles dispersed in 
an aqueous vehicle in which the diameter of 
the suspended particle is less than 1µm in 
size. It is a typical nano formulation technique 
favored for compound insoluble in water but 
soluble in organic solvents and oil and is 
characterized with high log P value, high 
melting point and high dose

1
.  Formulation of 

nano suspensions leads to enhanced 
dissolution rates not only due to increased 
surface area but also because of increased 
saturation solubility

2
.  It also helps to resolve 

the challenges of poorly water and lipids 
soluble drugs, and are acceptable because of 
their simplicity and economically cheap 
implications over other strategies altering the 

pharmacokinetics of drugs hence improving 
drug safety and efficacy. 
In this formulation approach, the drug micro 
particles/ micronized drug powder is  
transferred to drug micro/nano particles by 
techniques involving an assembling method 
(bottom up) or disintegration method (top 
down) technology

3,4
. 

 
Types of the assembling 

method includes: precipitation, micro emulsion 
and melt emulsification while that of the 
disintegration method includes high pressure 
homogenization and milling methods. 
The process of nano suspension formulation 
depending on the production technique 
applied could lead to changes in crystalline 
structure of the drug particles and increasing 
the amount of amorphous drug fraction. This 
could induce saturation solubility leading to 
enhanced drug flux during epithelial transport 
due to higher membranous concentration 
gradient

5
. 
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As a result of increased drug solubility the rate 
of flooding of the active compound increases 
and the maximum plasma concentration is 
reached faster hence higher dose loading is 
achieved with possible low dose frequency. 
 

 
Fig. 1: Chemical structure of MTZ 

 

This is a nitro imidazole compound and 
prescription only drugs 
It is a white to slightly yellow crystalline 
powder with a slight odour, bitter and saline 
taste and pH in aqueous solution of 6.0 to 6.5. 
It is insoluble in water and darkens on 
exposure to light but soluble in organic 
solvents such as acetone, propylene glycol 
and 0.1M acetic acid forming clear faintly 
yellow solution. The melting point (Mp) is 
between 159-161°C and the salt 189-191°C

6
. 

MTZ with brand name flagyl among others is 
an antibiotic and antiprotozoal medication 
used alone or with other antibiotics to treat 
pelvic inflammatory diseases (PID) and 
bacteria vaginitis

7
. 

MTZ acts by inhibiting acid synthesis causing 
disruption of DNA synthesis of microbial cell 
walls. This function only occurs when MTZ is 
partially reduced and because the reduction 
typically occurs in amoebic cells, it has 
relatively little effect upon human cells

8
. 

MTZ should not be used in the early 
pregnancy but appears to be convenient in the 
last trimester of pregnancy but should be used 
with caution when breast feeding

9
. 

 
Composition and functions of excipients in 
micro/nano suspension formulation 
Stabilizers (polymers) 
The main function of a stabilizer is to wet the 
drug particles thoroughly and to prevent 
Ostwald’s ripening and agglomeration of nano 
particles in order to yield a physically stable 
product by providing steric and ionic barriers. 
The type and amount of stabilizer has a 
pronounced effect on the physical stability and 
in vivo behavior of nano/micro suspension

10
. 

 

Organic solvents 
The pharmaceutically acceptable less 
hazardous water miscible solvent such as 
methanol, iso propyl alcohol, benzyl benzoate, 
propylene glycol are preferred

11
. 

 
Emulsifier  
These are compounds that lower the surface 
tension or interfacial tension between two 
bonds (water and oil) by adsorbing at the liquid 
air interface

12
. 

They could be classified as ionic, cationic, 
non-ionic and zwitter ions

13
.    Non-ionic 

surfactants act as emulsifier and co-emulsifier, 
solubilizer, wetting agent, electrolyte tolerant 
and stable over a wide pH range. 
The sorbitan mono ester (span 80) and poly 
ethoxylated sorbitan mono ester (tween 80) 
are a range of mild non-ionic surfactants 
providing formulation benefits in a number of 
homemade application with safe history of 
use

14
. 

 

 

 
Fig. 2: Chemical structure of Span 80 and 

Tween 80 
 
 

Span 80 is hydrophobic and partially soluble in 
water and its HLB is 4.3 while the tween 80 is 
hydrophilic and partially soluble in mineral oil 
with HLB 15.0. A combination of high and low 
HLB emulsifier is often more effective than the 
use of a single emulsifier

15
. 

 
Preparation of Micro/Nano suspension 
Various methods abound but the precipitation 
method of the assembling (bottom up) 
technique was adopted. 

http://www.google.com.ng/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiQ45260ZPYAhWFa1AKHdwfA2gQjRx6BAgAEAY&url=http://thescienceofacne.com/metronidazole/&psig=AOvVaw0CW71Q8A_e7vGboxs4ln3d&ust=1513689057734067
http://www.google.com.ng/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjI5Lzp1ZPYAhXSbVAKHVRKDUAQjRx6BAgAEAY&url=http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-97072003000100014&psig=AOvVaw29WX5_YmCm_Y5CyF4Tkizb&ust=1513690261706561
https://www.google.com.ng/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiPyufX1pPYAhWDalAKHZjcAzkQjRx6BAgAEAY&url=https://thegoodhuman.com/what-is-polysorbate-80/&psig=AOvVaw13f7rK4Az-zThrU0uxCSpt&ust=1513690462881254
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The precipitation technique is not applicable to 
drugs which are poorly soluble in both 
aqueous and non-aqueous media hence 
adopting this method need, that the drug be 
soluble in at least one of the solvents. 
Precipitation method is coupled with high 
shear processing and or thermal energy

16
. 

This is accompanied by a combination of rapid 
precipitation and high pressure 
homogenization. Rapid addition of a drug 
solution to an anti-solvent could lead to super 
saturation of the mixed solution and 
generation of the fine crystalline or amorphous 
solids. Precipitation of an amorphous material 
may be favored at high super saturation when 
the solubility of the amorphous state is 
exceeded

17
. 

Nano suspension may contain other additives 
such as buffers, salts, polyols, osmogents and 
cryopectants, depending on either the route of 
administration or properties of the drug 
moiety

18
. 

The purpose of this work is to evaluate and 
investigate the stabilizing effect of processed 
C.olitorious gum on metronidazole micro /nano 
suspension formulation.  
 
EXPERIMENTAL 
MATERIALS  
Copper sulphite , boric acids, methyl blue 
(BDH England), span 80, tween 80 (sigma 
Aldrich England), 0.01N HCl (M&B England), 
per chloric acid, metronidazole powder 
(Yanhaarti  Pharm company, China) sucrose, 
propylene glycol, processed  C.olitorious gum 
(University of Port Harcourt Pharm tech lab), 
freshly prepared distilled water, Brookfield 
viscometer (lab science England ) , Oven 
(Memmert U-27 Germany), water bath, 
electronic balance (Adventurer TM AR 230 
China), dissolution apparatus (Erweka IDH 
600, Germany), UV spectrophotometer(6405  
UV Jenway, USA), ultra turax homogenizer 
(IIKA

R
 T25DS2, Germany), FTIR ,SEM  (Nova 

Nano lab 600, USA), DSC (seilko 5sc/5200, 
England),  Magnetic  stirrer. 
 
METHODS 
Solubility determination of MTZ 
A 0.1g of MTZ powder was dispersed in 
various solvents such as 10ml water, 0.1N 
NaoH, acetone, 96%, ethanol, 0.1N HCl, 
propylene glycol and isopropyl alcohol. The 
beaker containing the mixture was placed on a 
magnetic stirrer at 500rpm at atmospheric 
temperature and rate of solubilization 
determined. 
 
 
 

Grawmetric analysis of MTZ and processed 
C.olitorious gum 
Samples of each of the powders ( C.olitorious  
gum and MTZ) were weighed individually to 
the nearest 0.1mg and each was analyzed for 
purity determining the melting point by use of 
differential scanning calorimeter (Dsc)(Selko 
5sc/5200, England).  
 
Compatibility studies of MTZ powder and 
C.olitorious gum 
The Fourier transform infrared analysis 
method (FTIR) was used. 
The (FTIR) analysis was performed separately 
for the MTZ powder and C.olitorious gum. 
 
Micro/nano suspension formulations 
Adopting the precipitation technique of 
assembling method (bottom up technology)

2
, 

varied quantities (0.03, 0.05 and 0.1g) of 
processed C.olitorious gum were dispersed 
respectively in varying volumes of water (20, 
25 and 30ml) and allowed to hydrate. These 
were subjected to high speed homogenization 
using a homogenizer (ultra turax KAR T25DS2 
Company, Germany). Measured volume 
(20ml) of surfactants (tween 80) and weighed 
amount of cryopectants (sucrose) were added 
and homogenization speed maintained at 
8400rpm for 20minutes. This forms the 
aqueous phase 
A uniform amount (0.02g) of MTZ powder was 
dispersed in varying volumes (20, 25 and 
30ml) of propylene glycol in different container, 
stirred at 500rpm until complete solubilization 
occurred. A measured quantity (20ml) of co-
surfactants (span 80) was added with 
continuous stirring until homogeneity was 
assured. This forms the non-aqueous phase 
With maintenance of the homogenizer speed 
at 8400rpm, drop wise and continuous addition 
of the content of non-aqueous phase into the 
aqueous mixture was carried out until the 
amount contained was exhausted. 
The homogenizer was allowed to run for short 
period of time (20minutes) before it was 
stopped. 
The formed product was packaged and stored 
in cool environment for further observation and 
characterization studies. 
Preparation of per chloric acid (0.1N) for MTZ 
assay:  0.1N per chloric acid was prepared 
following standard method (Willard, 1912) and 
the preparation was allowed to stand for 
24hours before use. 
 
Determination of actual drug content (ADC) 
The assay method of non-aqueous titrimetry 
(stoichiometric method) involving treatment of 
MTZ in formulation with acetone and glacial 
acetic acid added with drops of methyl red 
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indicator and titrated with the freshly prepared 
0.1N per chloric acid to obtain an end point 
(violet coloration) was adopted

19
. Volume of 

formulation used (25ml), number of drops of 
indicator (3) and dilution factor (1). 

The actual drug content (ADC)  =  Mol. Weight 
of MTZ equivalent to 0.1N per chloric acid X     
Mean titre volume X dilution factor  ……… .(1) 

  
Results  

Table 1:  Solubility assessment 

 

 

 

 
Fig. 3: Gravimetric analysis of MTZ powder 

 

 
Fig. 4: Gravimetric analysis of C.olitorious gum 

 

Sample 
Solvent 

acetone chloroform water Propylene glycol Ethanol 

MTZ Soluble Slightly soluble insoluble soluble soluble 

C.olitorious gum insoluble insoluble soluble soluble insoluble 
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Fig. 5: FTIR analysis of MTZ powder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: FTIR analysis of C.olitorious gum 
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Table 2: Functional Groups and Absorbance 
Peaks   Identified in C. olitorious Gum 

 

 

 

 

 

 

 

 

 
A plot of correlation area against absorption peak values of identified function groups in the 
formulated nano/micro suspensions was made to determine any loss or gain of molecules and hence 
ascertain presence or absence of any interaction and this is as shown in fig 7. 
 

 
Fig. 7: Compatibility assessment of MTZ and excipient containing C.olitorious GUM 

 

 

 

Functional 
groups 

Peak range 
(cm¯') 

Peak 
value 
(cm

-
') 

O – H 3200 - 3600 3410 

C – H stretch 2850 - 3000 
2862, 
2924 

C – H aromatic 1400 - 1600 1411 

C = C stretch 
Amide C = O 

1620 – 1680 
1640 - 1690 

1643 
1643 

= C - H 670 - 1000 671.25 

Ether C - O 1070 - 1150 1149.61 

C –N  (Nitrile) 2210 -2360 2330 

Ester C – O 
stretch 

1000 – 1300 
2 bands or more 

strong 

1149.61, 
1242.2 
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Fig. 8: Particle size analysis for MTZ suspension made with C.olitorious gum 

 

 

 

 

Table 3: Stability assessment of MTZ suspension formulation made with C.olitorious gum 

 LG = Light Grey Colour   H = Homogenous 
*Note:     Y = Yellow, H = Homogenous, LG = Light grey and G = Grey 

 
 
 
 
 
 
 
 

Temperature (
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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DISCUSSION 
The nano/micro formulation of the mtz 
suspension made with the purified C. olitorious 
gum showed stability and produced 
homogenous dispersion of components in the 
suspension with no physical change of state 
observed. This signifies that the purified 
C.olitorious gum has no interaction effect with 
metronidazole used as the API and also with 
other excipients used for the formulation. 
 This fact was evidenced by result of the  FTIR 
analysis which showed no loss of absorbance 
peak values of any of the  functional groups 
(O-H, C – H, C = C , C = N, C – C, N – O and 
5 – membered ring structure)  as  possessed 
in the metronidazole (API) structure when 
formulations made with the purified gum was 
analyzed. 
The  pH result of metronidazole in aqueous 
medium was  found to be 6.1  and  this 
suggest  that  a slightly acidic medium such as 
0.1N or 0.01N HCl of p

H
 2 – 5, could be 

suitable for the analysis of metronidazole since 
it is completely soluble and stable in such a 
medium.  
This medium because of the solubility of the 
MTZ (API) ensures adequate release of the 
API in the human physiological system

23
, 

hence the use of such in the study of the in 
vitro drug release analysis of MTZ from the 
formulations using UV spectrophotometer. 
The choice of 0.1N 0.01N HCl, is also of 
advantage because it is compatible with the 
API and other excipients used and despite the 
consideration of the pH of API and its 
dissolution in the medium the other excipients 
used for the formulation example, C.olitorious 
gum as polymer has pH 6.8, propylene glycol 
as non-aqueous solvent pH 7.5 while the 
aqueous solvent and the surfactant/co- 
surfactant used were of neutral pH.   
Absorption of drugs is properly achieved 
especially in the intestinal region with pH 5–7, 
therefore with the excipients and the API used 
for the formulation being within same pH 
range, the possibility of chemical interaction 
between the components in the formulation, 
and between the formulation and the human 
physiological system is prevented and this will 
lead to proper absorption of the drugs at the 
designated site.   
The non-ionic surfactants (tween80)/co 
surfactant (span 80) used, actually exerted 
their wetting and solubilizing properties hence 
they proved reliable and could be of 
pharmaceutical relevance because their 
application in the formulation resulted in a 
homogenous nano/micro suspension.  
The mean viscosity as shown in Table 2 show 
that the C. olitorious gum used in the purified 
form possess moderate thickness which can 

be sustained. This is supported by results 
obtained from the formulation made using the 
gum as shown after 3 months duration of 
stability study. The mean viscosity obtained for 
the formulation with C.olitorious was 486 mpa-
s and shear rate of 96.3%. Despite the impact 
of thickness by the polymer (C.olitorious gum) 
in the formulation the formulated product was 
characterized by enhanced fluidity even 
without any agitation. This shows that all the 
materials used for the formulation exhibited 
their functional properties effectively without 
any impediment or interaction, hence the 
result of the viscosity assessment shows that 
the C.olitorious gum is 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 are 
combined together and used for the 
formulation

24
. 

From the result obtained in Table 3, the 
formulation consisting of C. olitorious gum, has 
actual drug content of 98%. This result of the 
actual drug content again depicts the 
effectiveness and reliability of the natural 
polymer (C. olitorious) as good stabilizing 
agent free from drug excipient interaction 
when used for the formulation of nano/ micro 
suspension drug delivery.  
The nano/micro suspension formulation was 
optimized for mean particle size, physical 
stability and homogeneity and conductivity 
examination after three (3) months study of the 
formulations. 
The formulation made with the purified C. 
olitorious gum used as the polymer along with 
other excipients had a resultant mean particle 
size of 1.70±0.25µm, homogenous and stable 
with mean conductivity of 37.7 ± 2.35µs/cm 
which resulted in particle size falling within the 
micron range. The outcome of this result could 
be ascribed to  previous studies by Marcota et 
al 2000, that natural hydro colloids could 
enhance viscosity and polymeric activity due 
to effective particle size reduction resulting 
from increased particle surface area leading to 
enhanced drug penetration  The polymer is 
also presumed to assist in preventing 
Ostwald’s 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 study also depicts that purified C.olitorious 
gum could be effective in film forming and 
impacting better protective actions around the 
active drug particles and hence could possess 
acceptable stabilizing property especially in 
nano.micro suspension formulations. 
The mean conductivity values obtained from 
the homogenous formulations (formulation 
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containing purified C. olitorious gum is 
37.8±3.45µs/cm. This values  is lower than the 
conductivity value of tap water which is about  
50µs/cm

25
,
  

and 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 that might 
cause migration of particles and eventually 
lead to interaction and product instability.  
These properties gives an indication that the 
excipients used and products formed are 
compatible, safe and could impart stability 
when used in pharmaceutical formulations and 
when administered into the human 
physiological system.  
Thermo gravimetric (differential scanning 
calorimetric (DSC) result of pure 
metronidazole powder analyzed showed 

melting point at 189 – 191০C. The result 

reveals  the extent of purity of the API used  
and also shows that it existed in the salt form 
because the pure mtz powder has a melting 

point of 159 – 161০C
6
. 

The DSC analysis of the purified C.olitorious 
gum showed no clear or sharp distinct point 
rather a curve was obtained. This result could 
link the C. olitorious gum to being a high 
molecular mass polymer consisting of 
monomeric components that has varied 
properties and activities including melting 
point. Also the presence of moisture in the 
gum and/or effect of glass transition 
temperature could be a contributory factor for 
the non-distinction of the point on the curve, 
hence no noticeable temperature for the 
polymer to transit from hard to soft material. 
The fourier transform infrared analysis (FTIR), 
helps to ascertain in- compatibility and loss of 
compositions of API in a formulation.  
 From the analysis the functional groups 
possessed by metronidazole such as  O - H, C 
- H ,   C - O, C = C,  N - O, C = N  =C – H  and 
a 5 – membered ring structure  are  intact in  
the formulations as shown in their various  
peak values  corresponding to  the acceptable 
range of absorbance for the various functional 
groups.  
This shows that the method adopted and 
excipients used in the formulation are 
compatible with each other and therefore no 
interaction occurred between the excipients 
and the API (metronidazole).  
The   FTIIR analysis of the purified C. 
olitorious gum reveal the presence of O – H, 
=C – H, aromatic C – H, amide C – O, ester C- 
O, C = C stretch and a C – C functional 
groups. The presence of these functional 
groups as identified in the absorbance peak 
values is indicative of the complex nature of 
the gum hence structural elucidation involving 
use of NMR, GC - IR, and others, is 

recommended for proper identification of the 
molecular structure and other compositions of 
the polymer.  
The plot of correlation area against peak 
absorbance values of API and that for the 
various peak absorbance values obtained from 
the formulations, further support the result of 
the FTIR analysis as shown in Table 2.  
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. This is 
shown by all the peak values falling along 
same line with a narrow area of difference in 
absorbance and the peak absorbance(s) of all 
functional groups contained, aligning at a 
certain point of the correlation area at and 
about 100 Cm

2
. 

 
CONCLUSION 
Following the outcome of the FTIR analysis 
and plot as in fig 7, a stable and homogenous  
suspension was formed, showing that no 
interaction occured  between the excipients 
especially the polymers ( C.olitorious  and 
tragacanth) and the API.   
The suspensions optimized for mean particle 
size, physical stability, homogeneity and 
conductivity after three (3) months reveals that 
the nano/micro suspension made with 
combined equal ratio of natural polymers 
(C.olitorious and Tragacanth) formed nano 
particles than the case where one polymer 
was used.  
Result of this study therefore infers that 
interest should be directed towards the 
sourcing an utilization of products from natural 
plants as excipients for innovative 
development of pharmaceutical drug, so as to 
improve the economy of the developing 
nations and reduce the burden and resultant 
effect of utilization of imported synthetic 
materials. 
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