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ABSTRACT
Objectives: Development of nano-emulsion based drug delivery as combined drug loaded 
form for the possible management of meningitis. Intranasal delivery of nano-emulsion to 
the brain and study the nasal irritancy. Methodology: Spontaneous emulsification method 
was used in preparing the nanoemulsion. The compatibility studies i.e., Differential 
Scanning Colorimetry and Fourier Transform Infrared Spectroscopy were carried out for 
Isoniazid, Rifampicin, Resveratrol and physical mixture. Pseudoternary phase diagrams 
were constructed in various ratios. The formulations which passed the thermodynamic 
stability studies were evaluated for particle size, zeta potential and poly dispersity index. 
Cytotoxicity of the pure drugs and formulations were measured in in vitro cell line. The 
formulations were given for histopathological studies. Then these formulations were 
administered to rats intranasally and the brain of the rats was collected. Then the brain 
tissue was minced and was given for LCMS analysis to know the amount of drug reaching 
the brain. Results: The DSC and FTIR graphs state that the drugs were compatible with 
each other. The formulations which passed the thermodynamic stability studies were 
A7, A9, J8 and G9. Among these formulations A7 was selected as it had lower particle 
size when compared to other formulations. The formulations showed low nasal irritancy 
and no malignancy. From the LCMS analysis it was found that 82.6% of Isoniazid with 
Resveratrol nanoemulsion and 78.48% of Rifampicin with Resveratrol nanoemulsion has 
reached the targeted area the brain. Conclusion: From the studies it can be concluded 
that when the formulations were administered intranasally maximum amount of the 
drugs had reached the targeted area the brain. So, when the drugs are given intranasally 
there could be decrease in the dose of the drug, increased bioavailability at the site of 
action and increased therapeutic efficacy.
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INTRODUCTION

Tuberculosis is caused by the bacteria 
mycobacterium tuberculosis.1 It may affect 
any part of  the body but it primarily affects 
the lungs which is termed as pulmonary 
tuberculosis.2 It usually enters the oxygen-
ated regions of  the body. As the brain is the 
most oxygenated region of  the body the 
bacteria also enter the brain causing tuber-
culous meningitis. The main area of  the 

brain which gets affected is the sub-arach-
noid space. There are many drugs avail-
able for the treatment of  tuberculosis. The 
prominently used drugs are the first line 
drugs isoniazid, rifampicin, pyrazinamide 
and ethambutol.3,4 In the case of  TBM pyr-
azinamide is replaced with streptomycin as 
the former cannot cross the BBB.5 In some 
cases, the patients are resistant to the first-
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line drugs especially isoniazid and rifampicin. This is 
termed as Multi-drug Resistant Tuberculosis. In this case 
the patients are treated with second line drugs which 
exhibit more side effects when compared to the first-
line drugs. in some cases, the patients are resistant to 
both first-line drugs and fluoroquinolones.6 This condi-
tion is termed as extensively drug resistant tuberculosis. 
In this case the hospitalisation of  the patient is required 
and the drugs are administered parenterally. The main 
reason for the occurrence of  MDR Tb and XDR Tb 
are irregular intake of  the drugs by the patients.1,7 The 
main hurdle in the treatment of  TBM is the presence 
of  the blood brain barrier. The BBB doesn’t allow the 
foreign substances to enter the brain. So, due to this 
reason many drugs cannot cross the BBB and reach the 
brain.8,9 Even the presence of  the blood-cerebrospinal 
fluid barrier also restricts the entry of  substances into 
the brain. The complications occurring in patients may 
be due to the medications such as hepatotoxicity, periph-
eral neuropathy, rashes and retinopathy or they may be 
long-term complications such as cognitive impairment, 
epilepsy, severe hearing loss, hypothalamic dysfunction 
and dysphasia.10,11 
The main problem associated with the current drugs 
is that the maximum amount of  drug cannot cross the 
Blood Brain Barrier and reach the targeted site the brain. 
It is because the blood brain barrier is a tight junction 
and it won’t allow the substances to cross it. The high 
dose of  the drugs and the long duration of  treatment is 
also another problem which causes many side effects.7,9 
So, due to this reason nanotechnology-based approach 
has emerged to decrease the dose of  the drugs and its 
treatment period.
In our study we have selected intranasal delivery of  
the formulation as there will be direct transport of  the 
drugs from the nasal cavity to the brain. The drugs reach 
the brain through the olfactory route. This is due to the 
presence of  the olfactory nerves in the brain. Nano-
emulsion formulation was used to administer the drugs 
to the brain. Nano emulsion formulation was selected 
because of  the lower particle size and are pharmaco-
kinetically stable. These formulations can be adminis-
tered easily through the intranasal route and maximum 
amount of  the drug can reach the targeted area the 
brain. Flavonoid resveratrol was used in combination 
with isoniazid and rifampicin individually. It was used as 
the flavonoids exhibits the antibacterial as well as anti-
inflammatory activities. Hence, can reduce the dose of  
the drugs, decrease the time period of  the treatment and 
increase the therapeutic efficacy. 

MATERIALS AND METHODS
Materials
Isoniazid was obtained from Avra, rifampicin, resve-
ratrol, Kolliphor, Methanol, Di-methyl sulfoxide and 
Castor oil were obtained from Sigma Ltd, India. Lauro-
glycol, Transcutol, Labrafil M, Capryol 90 were obtained 
as gift samples from Gattefosse. Ethanol, Oleic acid, 
Isopropyl myristate, Tween 80 and potassium chloride 
were purchased from Avra. All the chemicals obtained 
were pure and were of  laboratory grade. 

Methods
Construction of Standard Calibration Curve

Calibration curves for the drugs are plotted to know the 
linearity of  the drug when observed at different con-
centrations by using UV Visible spectrophotometer. 
The calibration curve was plotted for drugs isoniazid, 
rifampicin and a flavonoid resveratrol. Then the solu-
tions of  the drugs were prepared in 20mcg/ml, 40mcg/
ml, 60mcg/ml, 80mcg/ml and 100mcg/ml concentra-
tions and the absorbance values obtained were plotted 
in the graphs to check the linearity. The wavelength of  
isoniazid, rifampicin and resveratrol are 274nm, 374 and 
358nm respectively.

Compatibility studies
Differential Scanning calorimetry

The DSC was carried for the individual samples of  iso-
niazid, rifampicin, resveratrol as well as for the physical 
mixture of  all the three drugs in the ratio of  1:1:1. It was 
carried out to know the purity and compatibility of  the 
samples by taking into account he melting point of  the 
drugs and running the samples for a specific tempera-
ture range.

Fourier Transform Infrared Spectroscopy
FTIR studies were carried out to know the functional 
groups present and to k now know the compatibility of  
the drugs. The FTIR studies were carried out for isonia-
zid, rifampicin and resveratrol and the physical mixture 
of  all the three in the ration 1:1:1.

Screening of oils
The drugs rifampicin and resveratrol were screened in 
various oils and the amount of  drug soluble in particu-
lar oil was noted. The oil in which maximum amount of  
drug was soluble was selected. 

Screening of surfactants and cosurfactants
Surfactants are used in the formulations to decrease the 
interfacial tension between the two phases. So, due to 
this reason many surfactants were screened and the sur-
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factant which was miscible with the oil was selected. Co-
surfactants are used in the formulations to decrease the 
concentration of  the surfactants. So, due to this reason 
many co-surfactants were screened and the one which 
was miscible with the oil as well as the surfactant was 
selected.

Construction of pseudoternary phase diagrams
Pseudoternary phase diagrams were constructed to 
know the area of  the formed nanoemulsion so that the 
nanoemulsion forming a maximum area can be selected. 
So for this reason various ratios of  the formulations were 
selected starting from the Smix ratio !:1 to 1:9 (!:1, 1:2, 
1:3, 1:4, 1:5, 1:6,1:7, 1:8 and 1:9) and 2:1. The diagrams 
were constructed using CHEMIX software. Hence, the 
formulation having a maximum area of  the nanoemul-
sion region were selected for the further studies.

Characterization of Nanoemulsion
Thermodynamic stability study

Heating and cooling cycle: First the selected formu-
lations were exposed to cold temperature of  -4 degree 
centigrade for 72 hr. Then these formulations were kept 
at 45 degree centigrade for 72 hr. The formulations 
which were stable after the heating and cooling cycle 
were selected for the further studies.
Centrifugation: The selected formulations from the 
heating and cooling cycle were centrifuged at 3500 rpm 
for 10 min. The formulations which were stable were 
selected for freeze thaw cycle.
Freeze thaw cycle: The stable samples from the cen-
trifugation were exposed to temperatures between 
-21°C and +25°C for 48 hr respectively. The samples 
which were stable for these temperatures were selected 
for the further study. The samples were observed for 
phase separation or precipitation. 

Particle size, zeta potential and poly dispersity 
index
The particle size, zeta potential and poly dispersity 
index of  the selected formulations were tested using 
malvern zeta sizer. The particle size of  the formulations 
was expected to be less than 200nm, zeta size ranging 
between -30 to +30mV and poly dispersity index which 
should less than 1.

Preparation of Nanoemulsion Formulations
Preparation of isoniazid- resveratrol nanoemulsion

The optimised ratio of  1:7 (1:1) was selected for the 
preparation of  nanoemulsion. Depending on the ratio 
the weighed quantity of  resveratrol was dissolved in 
required amount of  oil and isoniazid was dissolved in 

the optimised amount of  water which was to be added 
to form a nanoemulsion. Surfactant and cosurfactant 
were added in the specified quantity. To this calculated 
amount of  water was added according to the values 
from the pseudoternary phase diagrams. Then the for-
mulation was vortexed to form a stable nanoemulsion. 

Preparation of rifampicin- resveratrol 
nanoemulsion
The same optimised ratio of  1:7(1:1) was selected for 
the preparation of  the nanoemulsion. Then the weighed 
quantity of  rifampicin and resveratrol were dissolved in 
specified amount of  oil depending on its solubility. To 
this the optimised amount of  surfactant and cosurfac-
tant were added. The calculated amount of  water to 
form a nanoemulsion was added from the pseudoternary 
phase diagrams. Then the formulation was vortexed for 
proper mixing and to form a stable nanoemulsion.

Cell-line studies for toxicity12

C-6 cell-line of  rat glioma was used for finding the tox-
icity of  the drug when targeted to the brain.5 samples 
were tested for the toxicity and IC50 values. Rifampicin 
pure drug, isoniazid pure drug, resveratrol, nanoemul-
sion of  rifampicin and resveratrol and isoniazid and res-
veratrol were tested. It was done to know the dose of  
the drug to be administered.

Nasal toxicity Studies13,14

The nasal irritancy studies were carried out using the 
mucous membrane of  the goat. The mucous membrane 
was collected from the nearby slaughter house. This was 
stored in phosphate buffer solution till the experiment 
was carried out. The membrane was washed gently 
with distilled water. Then the membrane was treated 
with 2ml of  phosphate buffer solution. The membrane 
was divided into three parts and one part each was put 
into placebo nanoemulsion, nanoemulsion of  resvera-
trol and isoniazid and nanoemulsion of  resveratrol and 
rifampicin. These membranes were immersed in the 
solution for two hours. Then these mucous membranes 
were stored in 10% formalin solution and were sent for 
histopathological studies.

In-vivo studies
For this study 6 female wistar rats were used. The ani-
mals were procured after getting approval from Institu-
tional Animal Ethical Committee. These animals were 
divided into two groups. The first group was given a 
combination of  isoniazid and resveratrol and the sec-
ond group was given a combination of  rifampicin and 
resveratrol. These formulations were administered 
intranasally using a micropipette. 
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Homogenisation of the brain
The rats were euthanised and the brain tissue of  the 
rats was collected and was dissolved in required quan-
tity of  10% potassium chloride. Then the tissue was 
homogenised till a white smooth mixture was formed. 
The volume of  the mixture was measured and equal 
volume of  ethanol was added and mixed well. Then 
the mixture was sonicated and centrifuged. The super-
natant obtained after ce, nitrification was collected and 
subjected to analysis by using LCMS. 

Evaluation of brain samples using LC-MS/MS
Method development

The LCMS method was developed using all the stock 
solutions of  the standard drugs isoniazid, rifampicin 
and flavonoid resveratrol. The mobile phase used in the 
method development was ammonium acetate buffer. 

Evaluation of samples

The quantitative analysis of  the samples was done using 
the LCMS. After the method development the samples 
were evaluated using the LCMS/MS by diluting the 
samples if  necessary. Then the graphs of  the samples 
were obtained. The solvent used for this purpose was 
methanol as mentioned in the Figures 19, 20, 21.

RESULTS
Standard Calibration Curve
Calibration curve of Rifampicin

Linearity for the drug rifampicin was obtained at 10-50 
µg/ml and this linearity was used for determining the 
concentration as denoted in Figure 1.

Calibration curve of Isoniazid
Linearity for the drug isoniazid was obtained at 10-50 
µg/ml and this linearity was used for determining the 
concentration as represented in Figure 2.

Calibration curve of Resveratrol
Linearity for the flavonoid resveratrol was obtained at 
10-50 µg/ml and this linearity was used for determining 
the concentration as represented in Figure 3.

Compatibility studies
The DSC and FTIR graphs of  the samples is mentioned 
in Figures 4 to 10.
Differential Scanning Colorimetry:

DSC of Isoniazid

Figure 1: Calibration curve of Rifampicin.

Figure 2: Calibration curve of Isoniazid.

Figure 3: Calibration curve of Resveratrol.

Figure 4: Representing the DSC data of Isoniazid.



Upadhyayula, et al.: Tuberculous Meningitis

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 2 (Suppl) | Apr-Jun, 2020 S193

Figure 6: Representing the DSC data of Resveratrol.

DSC of Resveratrol

Fourier Transform Infrared Spectroscopy
FTIR of Isoniazid

Figure 7: Representing the FT-IR data of Isoniazid.
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FTIR of Rifampicin

Figure 8: Representing the FTIR data of Rifampicin.
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FTIR of Resveratrol

Figure 9: Representing the FTIR data of Resveratrol.
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FTIR of Physical Mixture

Figure 10: Representing the FTIR date of Physical mixture.
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Figure 5: Representing the DSC data of Rifampicin.
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Screening of oils

Screening of rifampicin
The graph representing the screening of  rifampicin is 
mentioned as Figure 11.

Screening of resveratrol
The graph representing the screening of  resveratrol is 
mentioned as Figure 12.

Pseudoternary Phase Diagram of selected 
formulation
The pseudoternary phase diagram of  the optimised for-
mulation A7 is shown in the Figure 13.

Characterization of Nanoemulsion
Thermodynamic stability studies

The results related to the thermodynamic stability stud-
ies are mentioned in Table 1. The samples which have 
passed these studies were selected for further studies.
Particle size, zeta potential and polydispersity index of  
the optimised formulation:
The particle size, zeta potential and polydispersity index 
of  the optimised formulation is mentioned in the Figure 
14 and 15

Cell-Line Studies

Cell-line studies were carried out to find out the IC50 
values of  the pure drugs as well as the formulations. 
The cell-line studies were carried out using C-6 cell-line 
as represented in the Table 2. 

Nasal Toxicity Studies

Nasal toxicity studies was carried out for placebo, Iso-
niazid+ resveratrol nanoemulsion and Rifampicin+ res-
veratrol nanoemulsion. It was found that the were no 

Figure 11: Representing the graphical data of solubility of 
rifampicin.

Figure 12: Representing the graphical data of solubility of 
resveratrol.

Figure 13: Pseudoternary phase diagram of A7 formulation.

Figure 14: Representing the data of the particle size and PDI 
of the A7 formulation.

Figure 15: Representing the data of the zeta potential of the 
A7 formulation.
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indications of  malignancy found in all the samples as 
mentioned in Figure 16,17 and 18.

In vivo studies
Method Development
Standard scan of isoniazid

Figure 16: Nasal toxicity studies of placebo.

Standard scan of rifampicin

Standard curve of resveratrol

Evaluation of the samples
Isoniazid+ Resveratrol nanoemulsion
Around 4.5 mg of  isoniazid and 7.89mg of  resveratrol 
was found in the formulation. Total amount of  the drug 
present in the administered formulation was found to 

Figure 19: Graph representing the molecular weight of the 
isoniazid with the addition of hydrogen atom.
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Figure 20: Graph representing the molecular weight of the 
rifampicin with the addition of hydrogen atom.
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Figure 21: Graph representing the molecular weight of the 
resveratrol with the addition of hydrogen atom.
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Figure 17: Nasal toxicity study for Isoniazid+ Resveratrol 
nanoemulsion.

Figure 18: Nasal toxicity studies of Rifampicin + Resveratrol 
nanoemulsion.
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be 12.39mg. Hence it was found that 82.6% of  the drug 
has reached the brain.

Rifampicin+ Resveratrol nanoemulsion

Isoniazid+ Resveratrol nanoemulsion
Around 4.5 mg of  isoniazid and 7.89mg of  resveratrol 
was found in the formulation. Total amount of  the drug 
present in the administered formulation was found to 
be 12.39mg. Hence it was found that 82.6% of  the drug 
has reached the brain as mentioned in Figure 22.

Rifampicin+ Resveratrol nanoemulsion
In the formulation of  nanoemulsion loaded with rifam-
picin and resveratrol the total amount of  drug admin-
istered to the animals was 25mg. Total amount of  drug 
found in the brain extract was found to be 19.62mg. 
Hence it was found that 78.48% of  the drug has reached 
the brain as represented in the Figure 23.

DISCUSSION
Tuberculosis is caused by the bacteria Mycobacterium 
tuberculosis. The bacteria enter any part of  the body. 
So, when the bacteria enter the brain it is termed as 
tuberculous meningitis. In the formulations prepared 
we have used the first line drugs Isoniazid and Rifam-
picin along with a flavonoid Resveratrol. So, we have 
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Figure 22: Representing the percentage of isoniazid and res-
veratrol nanoemulsion in the brain extract.

Figure 23: Graphs representing the percentage of Rifampicin+ 
Resveratrol nanoemulsion in the brain extract.
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Table 1: Data regarding thermodynamic stability studies.

Formulation Heating and 
cooling cycle Centrifugation Freeze thaw 

cycle Result 

H2 Pass Fail Fail

G8 Pass Fail Fail

B6 Pass Fail Fail

G7 Pass Fail Fail

B7 Pass Fail Fail

G5 Pass Pass Fail Fail

D8 Pass Fail Fail

F9 Pass Pass Fail Fail

J6 Pass Pass Fail Fail

G9 Pass Pass Pass Pass

H9 Pass Pass Fail Fail

A7 Pass Pass Pass Pass

J8 Pass Pass Pass Pass

J9 Pass Pass Fail Fail

A6 Pass Fail Fail

13 Pass Pass Fail Fail

H8 Fail Fail

A9 Pass Pass Pass Pass

D7 Pass Pass Fail Fail
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Table 2: IC50 values of all the drugs and formulations.

Sl. NO Sample description C 6
IC50 µg/ml

1. Isoniazid 62.41692

2 Rifampicin 20.34364

3 Resveratrol 29.63656

4 Isoniazid+ Resveratrol NE 32.49261

5 Rifampicin+ Resveratrol NE 13.42585

conducted many pre- formulation studies. Calibration 
curves of  all the three drugs was prepared and the 
graphs obtained were linear. Solubility of  Rifampicin as 
well as Resveratrol was tested in various oils and the 
oil in which maximum amount of  drug was soluble 
was selected i.e., Capryol 90. For the preparation of  
the formulation various surfactants and co-surfactants 
were tested and the surfactant and co-surfactant which 
was miscible with the oil was selected i.e., kolliphor and 
ethanol respectively. DSC of  all the compounds was 
carried out and it was found that the compounds were 
pure and it formed exothermic. The DSC of  the physi-
cal mixture also showed all the components in the ther-
mogram obtained. FTIR studies were carried for all the 
individual compounds as well as the physical mixture. 
The FTIR data clearly depicts that alcohol was found in 
Resveratrol at 3202.51 and physical mixture at 3202.61; 
C=C stretch was found in Resveratrol at 1690.83; C-H 
bend was found in Resveratrol at 829.68; C-H stretch 
in Rifampicin at 1891.47, C-H stretch of  aromatic in 
Isoniazid at 3106.67; out of  plane was in Resveratrol at 
804.92 and out of  plane in physical mixture at 804.96; 
C-C stretching in Isoniazid at 1663.49and C-C stretch-
ing in physical mixture at 1660.22; N-X stretching in 
Isoniazid at 1142.88 and N-X stretch in physical mix-
ture 1140.04. Hence, it was concluded that the com-
pounds had association and dissociation of  the bonds in 
the physical mixture. It was also observed that the inter-
action between the components was not significant. 
Hence, it was decided to use the same for the formu-
lation. Pseudoternary phase diagrams were constructed 
for different ratios of  Smix from 1:1 to 1:9 and 2:1. The 
main hurdle faced while preparing the formulations was 
that the surfactant kolliphor would turn into semisolid 
form very frequently. So, for this reason it had to be kept 
in hot water bath to keep it in the liquid form. But when 
it was mixed with oil and co-surfactant it was stable and 
did not turn into semisolid. Few formulations after the 
addition of  water in parts it formed a nanoemulsion but 
on further addition of  water it formed an emulsion. In 
few formulations after addition of  water it formed an 
emulsion but after further addition of  water it turned 
milky. This transformation is because the surfactant and 

the co surfactant would get dissolved into the aqueous 
phase all the formulations were visually observed and 
the formulations which had a transparent to translucent 
appearance were selected. These selected formulations 
were further subjected to thermodynamic stability stud-
ies. Then based on the results obtained, the ratios of  
Smix which favoured the formulation of  nanoemulsion 
was selected and plotted as the pseudoternary phase dia-
gram using CHEMIX software. The ratio which formed 
a clear nanoemulsion was selected for the further stud-
ies. Physical characterisation of  the formulations were 
carried out such as thermodynamic stability studies, par-
ticle size, zeta potential and poly dispersity index. The 
formulation which was stable and which had less parti-
cle size was selected. The inhibitory concentration (IC50) 
value was influenced by the combination of  drugs. This 
was well observed in the values obtained. The reason 
for this could be that the flavonoid might have played 
a crucial effect on the effect of  Rifampicin and Isonia-
zid. It could be arrived that the flavonoids might give a 
possible synergistic effect for the drugs. Since Resve-
ratrol being an anti-oxidant and efflux inhibitor might 
have sensitised the cells to respond to the drug effect. 
In other words, it could be explained as flavonoids are 
chemosensitizers. Hence the total dose in combination 
therapy could be reduced. Nasal toxicity studies were 
carried out using the mucosal membrane of  the goat. 
The obtained membrane was divided into 3 parts and 
each part was put into nanoemulsion without the drugs, 
Isoniazid+ Resveratrol nanoemulsion and Rifampicin+ 
Resveratrol nanoemulsion. The reports stated that there 
was no malignancy found in the nasal mucous mem-
brane. Hence it was concluded that the formulations 
didn’t have any nasal toxicity. The prepared formulations 
were administered to rats intranasally and the amount 
of  drug reaching the brain was found out using LCMS/
MS method. It was found that there was increase in the 
amount of  drug reaching the brain when the drug was 
administered intranasally compared to the conventional 
route.

CONCLUSION
Lipid based nanoemulsions were prepared as lipid sub-
stances can easily cross the blood brain barrier. Vari-
ous studies were carried out and the formulation which 
was stable was selected. This formulation was tested for 
IC50 value. After obtaining the IC50 values the formula-
tion was tested for nasal toxicity studies and the report 
obtained from the histopathological lab stated that there 
was no malignancy found. Then the formulation was 
administered to rats intranasally and the amount of  
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drug reaching the brain was estimated using the LCMS/
MS studies and it was concluded that maximum amount 
of  drug had entered the brain when compared to the 
conventional route of  drug administration.
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SUMMARY
• Rifampicin +resveratrol nanoemulsion and isoniazid +resveratrol nanoemulsion were optimised primarily by 

performing solubility studies. The solubility of rifampicin and resveratrol was performed in different oils and capryol 
90 was selected as maximum amount of drug was soluble in this oil. Various combinations of surfactants and co-
surfactants were tried but the Smix which was miscible with the oil was kolliphor and ethanol which are surfactant 
and co-surfactant respectively. DSC studies of the pure drugs was conducted to know the purity of the drug and 
the physical mixture was performed to know the compatibility. The FTIR studies of the pure drugs was conducted to 
know the interferences occurring in the functional groups and that of the physical mixture was carried out to know 
the compatibility as well as to know about the association and dissociation of the bonds.

• After the compatibility studies pseudoternary phase diagrams were constructed by taking the ratios of Smix from 
1:1 to 1:9 and 2:1 and the ratio of the oil was kept constant. Then, thermodynamic stability studies i.e., heating 
and cooling cycle, centrifugation and freeze thaw cycle were performed and the formulations which were able 
to withstand the external stress and were stable were selected for the characterization of the formulations. The 
formulations which could withstand the stress were J8, G9, A9 and A7. These formulations were tested for 
particle size, poly dispersity index and zeta potential. The particle size of the formulations was found to be 131.1, 
96.50, 103.9,92.48 of J8, G9, A9 and A7 respectively. The polydispersity index of the formulations was found 
to be 0.351, 0.163, 0.187 and 0.224 of J8, G9, A7 and A9 respectively. The zeta potential of the formulations 
was found to be -2.90, -2.86, -2.60 and -2.86 respectively. From these values A7 was selected as the optimised 
formulation as it had lesser particle size when compared to the other formulations.

• Then the pure drugs isoniazid and rifampicin, flavonoid resveratrol, isoniazid + resveratrol nanoemulsion and 
Rifampicin + resveratrol nanoemulsion were tested for invitro toxicity studies. For these studies C-6 cell-line of 
the rat glioma was selected. Hence, the IC-50 values were found out. Then the formulations were subjected for 
nasal toxicity studies. Then these samples were sent for histopathological studies to find out the toxicity caused 
by the formulations and it was found that the formulations caused slight inflammation. Then in vivo studies were 
carried out on female wistar rats. The rats were divided into two groups. One group received Isoniazid+ Resveratrol 
nanoemulsion and the other group received Rifampicin + Resveratrol nanoemulsion. After 45 min of administering 
the formulations to the animals intranasally the animals were euthanised. Then the brains of the rats were separated 
and the homogenised. Then the extract was centrifuged and the supernatant was collected. This supernatant was 
subjected for LC-MS/MS studies to know the amount of drug entering the targeted area the brain.
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