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Development of biocompatible and biodegradable nanodelivery systems with sustained 

release properties is the key research area of nanomedicine technology. Inorganic 

nanolayers are the promising material due to fascinating properties like ease of 

preparation, ability to intercalate different type of anions (inorganic, organic, 

biomolecules and even genes, etc.), high thermal stability, delivery of the intercalated 

anions in the sustained manner, high biocompatibility and easy biodegradation, etc. In 

this research, anti-tuberculosis (anti-TB) nanodelivery formulations were designed by 

intercalating anti-TB drugs into inorganic nanolayered hydroxide to be used as 

nanodelivery systems. Tuberculosis (TB) is an airborne infectious disease caused by 

Mycobacterium tuberculosis (MTB) and has been lethal to humans since centuries. 

Chemotherapy of TB involves multi-drug therapy, frequent dosing, and side effects of 

anti-TB drugs and long term treatment duration of 3-24 months. These complications 

are responsible for patients’ noncompliance to the treatment. Drug development is very 

lengthy, high budget consuming and multistage process and there has been no new anti-

TB drug in the market since about the last 5 decades.  Research on the development of 

drug delivery systems is of prime importance to overcome the above scenario. Drug 

delivery systems (DDS) offer many advantages over the conventional chemotherapy, 

such as targeted delivery and protection of drugs from physico-chemical degradation, 

which ultimately will reduce the side effects associated with drugs. The DDS releases 

the drugs in a sustained manner for a longer period of time that would result in the 

reduction in the dosing frequency. The nano-sized DDS have the tendency to easily 

penetrate the bacteria and cancer cells. All of these advantages would ultimately 

improve the patients’ compliance to the treatment.  

 

 In this research, several anti-TB nanodelivery formulations were developed by 

intercalating anti-TB drugs namely para amino salicylic acid (PAS) and isoniazid (INH) 
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into metal hydroxide nanolayers namely zinc layered (ZLH), zinc-aluminium layered 

double hydroxides (Zn/Al-LDHs) and magnesium-aluminium layered double 

hydroxides (Mg/Al-LDHs). A total of 8 nanocomposites based on the aforementioned 

anti-TB drugs and metal nanolayers hydroxides were prepared. The developed 

nanocomposites of anti-TB drugs with metal hydroxides nanolayers (inorganic 

nanolayers) showed higher biocompatibility with normal human lung cell lines (the 

most common residing place of mycobacterium tuberculosis) and with 3T3 mouse 

fibroblast cells (the most sensitive cells to toxicity). The release of the intercalated anti-

TB drugs was sustained in human body simulated phosphate buffer (PBS) solutions of 

pH 7.4 and 4.8. Therapeutic efficacy of the anti-TB nanocomposites against 

mycobacteria tuberculosis was found to be much better compared to para amino 

salicylic acid and isoniazid in their free form.  The in vitro study results are extremely 

encouraging to conduct the further study on animal models (in vivo study) and these 

biocompatible anti-TB nanocomposite formulations could be very useful in coping with 

tuberculosis effectively. 
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Pembangunan sistem penghantaran nano yang bio-serasi dan bio-terurai dengan ciri-ciri 

pelepasan yang berterusan adalah merupakan tumpuan utama penyelidikan dalam 

teknologi perubatan-nano. Lapisan nano tak-organik adalah bahan yang menjanjikan 

harapan tinggi kerana sifat menariknya seperti penyediaannya yang mudah, 

keupayaannya untuk disisipkan dengan pelbagai jenis anion (tak-organik, organik, 

biomolekul dan juga gen, dll.), kestabilan haba yang tinggi, penghantaran anion tersisip 

secara mampan, bio-serasi yang tinggi dan mudah bio-terurai dan sifat-sifat lain lagi. 

Dalam kajian ini, rumusan anti-batuk kering (anti-TB) penghantar nano telah 

direkabentuk dengan menyisipkan ubat anti-TB ke dalam bahan tak-organik lapisan-

nano hidroksida untuk digunakan sebagai sistem penghantaran nano. Tuberculosis (TB) 

adalah penyakit berjangkit bawaan udara yang disebabkan oleh Mycobacterium 

tuberculosis (MTB) yang telah membawa maut kepada manusia sejak berabad-abad 

lamanya. Kemoterapi TB melibatkan terapi pelbagai dadah, dos yang kerap dan kesan 

sampingan dari ubat-ubatan anti-TB, dan tempoh rawatan yang panjang, 3-24 bulan. 

Komplikasi ini bertanggungjawab terhadap ketidakpatuhan pesakit terhadap rawatan. 

Pembangunan ubat-ubatan baru memakan masa yang sangat panjang, bajet yang tinggi 

dan proses pelbagai peringkat, dan tiada ubat anti-TB baru di pasaran semenjak kira-kira 

5 dekad yang lalu diperakukan. Penyelidikan terhadap pembangunan sistem 

penyampaian ubat adalah sangat penting untuk mengatasi senario di atas. Sistem 

penyampaian ubat (DDS) menawarkan banyak kelebihan berbanding dengan kemoterapi 

konvensional, seperti penghantaran yang dapat disasarkan dan perlindungan dadah 

daripada degradasi fiziko-kimia, yang akhirnya akan mengurangkan kesan sampingan 

yang dikaitkan dengan dadah. DDS yang mengeluarkan dadah secara berterusan untuk 

tempoh yang lebih lama akan menyebabkan pengurangan dalam kekerapan dos. DDS 

yang bersaiz nano mempunyai kecenderungan untuk lebih mudah menembusi bakteria 

dan sel-sel kanser. Semua kelebihan ini akhirnya akan meningkatkan pematuhan pesakit 
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terhadap rawatan. Dalam kajian ini, beberapa rumusan penghantar nano anti-TB 

dihasilkan dengan menyisipkan ubat anti-TB iaitu para-amino asid salisilik (PAS) dan 

isoniazid (INH) ke dalam lapisan nano hidroksida logam iaitu zink berlapis (ZLH), zink-

aluminium hidroksida berlapis ganda (Zn/Al-LDH) dan magnesium-aluminium 

hidroksida berlapis ganda (Mg/Al-LDH). Sebanyak 8 nanokomposit berdasarkan ubat 

anti-TB dan lapisan nano logam hidroksida yang dinyatakan di atas telah disediakan. 

Nanokomposit yang dibangunkan dengan menggunakan ubat anti-TB dengan hidroksida 

logam berlapis nano tak-organik menunjukkan sifat serasi-bio yang lebih tinggi terhadap 

sel paru-paru manusia biasa (tempat yang paling biasa bagi Mycobacterium 

tuberculosis) dan dengan sel-sel 3T3 fibroblast tikus (sel-sel yang paling sensitif 

terhadap keracunan). Pembebasan ubat anti-TB tersisip ke dalam larutan simulasi badan 

manusia, fosfat penampan (PBS) pada pH 7.4 dan 4.8 menunjukkan sifat lepasan 

terkawal. Keberkesanan terapeutik bagi nanokomposit anti-TB terhadap batuk kering 

mycobacteria didapati jauh lebih baik berbanding dengan para-amino asid salisilik dan 

isoniazid dalam bentuk bebas mereka. Keputusan kajian vitro ini amat menggalakkan, 

dan seterusnya kajian lanjut menggunakan model haiwan (kajian in vivo) bagi rumusan 

nanokomposit anti-TB yang serasi-bio ini sangat berguna untuk digunakan sebagai 

perawatan batuk kering yang lebih berkesan. 
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CHAPTER 1  
 

                                                  INTRODUCTION  

 

 

1.1 Background of study 

 

Inorganic nanolayers are the two dimensional nanomaterial whose structure  is made up 

of infinite layers and the thickness of their layers in nanoscale range. Layered double 

hydroxides (LDHs) and layered hydroxide salts (LHS) are the types of inorganic 

nanolayered material having thickness in nanoscaled range (1-100nm)[1] . Drug 

delivery, gene delivery, biosensing science and bioimaging technology are the key tools 

of the modern-day biomedical sciences. Different materials are used for the application 

of the above mentioned biomedical tools but there are certain issues related to different 

materials such as cytotoxicity, lack of biodegradation and different types of material is 

used for individual application [2].  Inorganic nanolayers have many advantages for 

biomedical applications. It has been proven to be very high in vitro and in vivo 

biocompatibility, biodegradable, tendency to release the intercalated drugs in a sustained 

manner and is  single material can be applied as drug delivery, gene delivery, biosensing 

and in bioimaging sciences [3-6].  Inorganic metal nanolayered hydroxides have been 

widely applied  for the delivery of various pharmaceutical drugs and have found to be  

promising in improving the bioavailability of drugs, better biocompatility and 

therapeutic efficacy [6-8]. 

 

 

 

1.2 Problem statement 

 

Tuberculosis (TB) is an airborne infectious disease caused by the bacterium 

Mycobacterium tuberculosis (MTB). Tuberculosis can be classified in two types based of 

the infections, (1) Pulmonary tuberculosis, when MTB infect the lungs and (2) Extra 

pulmonary tuberculosis when MTB infect other organs of humans except lungs such as 

liver, spleen, kidneys, tonsils, intestine, brain and bones etc [9]. Tuberculosis has been 

lethal to humans for centuries till today and according the most recent global TB report 

(2013) by world health organization (WHO) there are about 8.6 million people were new 

cases of TB  and approximately 1.3 million human died from the disease in the year 

2012 [10].  Chemotherapy of TB is complicated by number of factors such as multidrug 

prescription, frequent dosage, adverse side effects anti-TB drugs and long treatment 

duration (6-24months). All of these factors result in the patients’ noncompliance to the 

chemotherapy of tuberculosis and patients’ noncompliance is the most common cause 

for the treatment failure. And unfortunately no new anti-TB drug has been introduced in 

the market in last 5 decades as the drug development is very lengthy and budget 

consuming process [10]. In this scenario when there has been no new anti-TB drug 

introduced in the market. We need to make better utilization of currently available anti-

TB drugs. We can do this by reducing the adverse effect of the drugs, improving the 
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bioavalibity of drugs and by reducing the concentration of dosages and by decreasing the 

dosing frequency of drugs. We can achieve all these important properties with 

biocompatible and biodegradable drug delivery systems having sustained release 

properties. Inorganic nanolayered metal hydroxides have all of these characteristics to be 

applied as drug delivery systems for anti-TB drugs. 

 

1.3 Objectives 

Following are the objective of the study 

1.  To prepare anti-TB nanodelivery formulation based anti-TB drugs Isoniazid and   

  Para aminosalicylic acid  using metal layered hydroxides host (ZLH, Zn/Al-LDHs     

  and Mg/Al-LDHs). To characterize the designed anti-TB nanodelivery systems    

  using different analytical techniques (XRD, FT-IR, HPLC, CHNS, UV/Vis    and    

  FESEM) 

2.   To determine the in vitro release of these anti-TB drugs in human body  simulated     

  PBS solution from the nanolayered host.  

3.   To determine their in vitro cytotoxicity on human normal lung cell  MRC-5  and  

  3T3 fibroblast cells.  

4.   To determine their therapeutic effect against mycobacteria tuberculosis and  other  

  Gram positive and Gram   negative bacteria. 

 

1.4 Significance of study 

 

This study was carried out to design sustained release formulations of anti-TB drugs 

with biocompatible capabilities for the anti-tuberculosis drugs namely para 

aminosalicylic acid and isoniazid with inorganic nanolayers. The sustained release 

nanocomposites formulations have the potential to enhance the bioavailability of drug 

for longer period of time by sustained release of the drugs, thereby would reduce the 

dosing frequency of the drugs,  protect the drug from physico-chemical degradations 

inside the body, and reduce the adverse effects to the drugs. All of these advantages 

would improve the patients’ compliance to the treatment of tuberculosis and would 

make the chemotherapy of tuberculosis patients’ friendly. 
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CHAPTER 9  
 

                           CONCLUSION AND RECOMMENDATIONS 

 

In this research different anti-tuberculosis (anti-TB) nanodelivery formulations were 

designed and synthesized by intercalation of anti-tuberculosis drugs namely para-

aminosalicylic acid (second line anti-TB drug) and isoniazid (first line anti-TB drug) 

using the metal layered hydroxides (inorganic nanolayers) as hosts. Zinc layered 

hydroxides, zinc aluminium layered double hydroxides, and magnesium aluminium 

layered hydroxides were used as metal layered hydroxides host.  

Para amino salicylic was successfully intercalated into zinc layered hydroxides using 

zinc oxide and zinc nitrate hexahydrate as precursors.  Para amino salicylic acid was also 

intercalated into zinc aluminium layered double hydroxides by using coprecipitation and 

ion exchange methods.  

Isoniazid was successfully intercalated into zinc aluminium layered double hydroxides 

applying coprecipitation and ion exchange methods. Isoniazid was also successfully 

intercalated into magnesium aluminium layered double hydroxides using ion exchange 

and coprecipitation methods. 

The anti-TB drugs para-aminosalicylic acid and isoniazid from the metal layered 

hydroxides hosts (inorganic nanolayers) were found to be release in two stages manner 

initially fast followed by more stable slow release. However, the overall release of these 

drug was found to be sustained.  The in vitro sustained release of the designed anti-TB 

nanodelivery formulations would enhance the bioavalibity of these drugs in body for 

longer period of time. 

Both of these drug tare thermally stabilized by the metal layered hydroxides (inorganic 

nanolayers) due to the electrostatic interactions between the negatively charged drug and 

positively charged nanolayers. In addition the metal layered hydroxides would protect 

the drug from physico-chemical degradations inside the body and this would also result 

in the reduction in the adverse affects associated with these drugs. 

The anti-mycobacterial and antimicrobial studies were conducted for the therapeutic 

comparative studies. The minimum inhibitory concentration (MIC) of free para amino 

salicylic acid (PAS) against mycobacteria tuberculosis was found to be 5.0 µg/mL. The 

effective MICs for the PAS-Zn/Al-LDHs (prepared by co precipitation method), PAS-

Zn/Al-LDHs (prepared by ion exchange method), PAS-Zinc layered hydroxides (using 

ZnO precursor) and PAS-Zinc layered hydroxides (using zinc nitrated hexahydrated) 

were found to be 1.97 µg/mL, 1.98 µg/mL, 0.83 µg/mL, and 1.40 μg/mL respectively 

against bacteria mycobacterium tuberculosis. The efficacy of PAS was improved 2.5 

times by PAS-Zn/Al-LDHs (prepared by co precipitation method), PAS-Zn/Al-LDHs 

(prepared by ion exchange method). The efficacy of PAS was also found to be enhanced 

5 times by PAS-Zinc layered hydroxides (using ZnO precursor) and it was increased 4 

times by the PAS-Zinc layered hydroxides (using zinc nitrated hexahydrated). 
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Furthermore PAS based nanocomposites were also found active against Gram positive 

and Gram negative bacteria.  

The MICs of the free drug, isoniazid against mycobacteria tuberculosis was found to be 

2.3 µg/mL and in comparison to this, effective MICs of isoniazid-Mg/Al-LDHs prepared 

by ion exchange and coprecipitation methods were found to be 0.37 µg and 0.44 µg,  

respectively. The therapeutic efficacy of isoniazid was enhanced about 5 times by its 

nanodelivery formulations with Mg/Al-LDHs compared to the free isoniazid. 

The effective MICs of isoniazid zinc aluminium layered double hydroxides (INH-Zn/Al-

LDHs) prepared by coprecipitation and ion exchange methods were found to be 0.91 µg 

and 0.62 µg against the mycobacteria tuberculosis. Comparison of MIC of free drug 

isoniazid with effective MICs of nanocomposites revealed that the therapeutic efficacy 

were enhanced by about 2.5 times and 3.7 time by isoniazid-Zn/Al-LDHs prepared by 

coprecipitation and ion exchange methods, respectively. 

The enhanced efficacies of para amino salicylic acid and isoniazid in metal layered 

hydroxides intercalated forms can be attributed to the nanoscaled size, which helps the 

better internalization inside the mycobacteria tuberculosis and sustained release of these 

drugs for longer period of time. 

The all of above mentioned nanocomposites-based para aminosalicylic acid and 

isoniazid showed approximately four fold higher biocompatibility with human normal 

lung fibroblast cells MRC-5 and 3T3 fibroblast cells for up to 72 hours longer 

incubation period at the highest concentration of 50 μg/mL. Only exception to this was 

PAS-zinc layered hydroxides (prepared using ZnO precursor), which was found to show 

cytotoxicity in time concentration dependent manner with 3T3 fibroblast cells. However 

PAS-zinc layered hydroxides (prepared using ZnO precursor) was found to be highly 

biocompatible to human normal lung cells. 

 

It can be concluded that metal layered hydroxides (inorganic nanolayers) fulfilled all the 

criteria of ideal drug delivery systems for anti-TB drugs and also for the other drugs due 

their high biocompatibility which would reduce the side effects, tendency to release the 

drugs in sustained manner, can protect the drugs from physico-chemical degradation, 

and enhances the therapeutic efficacy of the drugs. 

The current research opens the horizon for the patient friendly tuberculosis treatment 

with high efficacy, low adverse affects and better therapeutic efficacy which would 

results in enhancement of patients; compliance to the chemotherapy of tuberculosis.  
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Table 9.1  Summary of the Research 
 

 

 

9.1   Selection of best nanodelivery system from the designed carriers  

 

Almost all of the designed showed good drug delivery characteristics such as sustained 

release of the intercalated drugs, better therapeutic efficacy against the pathogenic 

bacteria  mycobacteria tuberculosis and high biocompatibility with human normal lung 

cells. At this stage we cannot select best nanocomposite as all of them are found 

excellent nanodrug delivery systems in this in vitro research.  Further in vivo studies for 

therapeutic efficacy on TB infected animal models  and cytotoxicity studies on both 

healthy and infected animal  are required for the selection  the best delivery system 

among these designed drug delivery systems.  
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9.2 Recommendations  

 

Further works should be carried out  

 

a) In designing the nanodelivery formulation-based on metal layered hydroxides 

(inorganic nanolayers) namely layered double hydroxides or layered hydroxy 

salts for different drugs, biomolecules, and genes etc., metal hydroxides such as 

magnesium hydroxides, zinc hydroxides and aluminium hydroxides  can be 

used instead of using salts of these metal which contain competing anions. 

b) Use of metal hydroxides as precursors offer easy intercalation of  neutral drugs 

molecules, even anionic drugs would easily be intercalated and further more 

final product would be free from contaminant, especially competing  unwanted 

anions like nitrates, chlorides and acetate anions etc. 

c) In vivo studies of these developed anti-TB nanocomposites based on para amino 

salicylic acids, isoniazid and metal layered hydroxides should carried out for 

TB infected animals.  

d) In vivo anti-inflammatory studies using these nanocomposites should be carried 

out to investigate the affect on the animal tissues and organs. 

e) Pharmacokinetic studies can also be conducted using the developed anti-TB 

nanocomposites to determine extent of bioavailability of the drugs and to study 

the  removal of degraded metal ions from the body. 

f) Nanocomposites prepared by using isoniazid as active agent should be tested 

against different cancer cell lines and isoniazid has been reported to possess 

anticancer activity.  
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