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Abstract 

Aluminum based adjuvants are being used in vaccines since long to induce protective 

immunity against various diseases. But reported incidences of toxicity and side effects 

of these adjuvants have led to some concerns regarding their use, especially in 

childhood vaccines. Constant efforts are being made to search for the alternatives to 

the conventional aluminum based adjuvants but still no considerable success has been 

achieved in this area. The toxicity concerns of aluminum based adjuvants may be 

addressed by reducing the concentration of aluminum in the vaccines. Therefore, to 

reduce the quantity of aluminum in the vaccines, it was envisaged to evaluate the 

lower effective concentration of aluminum as an adjuvant. Tetanus toxoid was used as 

a model antigen in the present study. On evaluation of the efficacy of various tetanus 

vaccine formulations (tetanus toxoid adsorbed on 0.10 to 1.25 mg/dose of Al) by 

ELISA and challenge method, it was observed that the test vaccine against tetanus may 

be formulated at 0.40 mg/dose concentration of aluminum without compromising with 

the efficacy of the vaccine as confirmed by ELISA as well as challenge method. The 

upper acceptable limit of 1.25 mg/dose approved by WHO/ pharmocopoeial guidelines 

seem to be unwarranted.  

Tetanus vaccines prepared by encapsulating tetanus toxoid in polylactic acid (PLA), 

polycaprolactone (PCL) and their block copolymers with polyethylene glycol (PEG) 

i.e. PLA-PEG and PCL-PEG based nanoparticulate formulations showed that 

polymeric NPs based formulations elicited lower level of protection as compared to the 

conventional tetanus vaccine available in the market. Therefore, it was envisaged to 

explore the potential of the polymeric NPs in combination with reduced concentrations 

of aluminum (0.20 mg / dose Al). Evaluation of efficacy of the admixture formulations 

with reduced aluminum revealed that as compared to the PLA/PCL-TT based as well 



 

 

as conventional tetanus vaccine (0.45mg/dose of Al), admixture formulations (PLA
72K

-

Al0.2mg-TT, PLA
72K

-PEG
4K

-Al 0.2mg-TT, PCL
85K

-Al 0.2mg-TT and PLA
85K

-PEG
4K

-

Al0.2mg-TT) are more immunogenic against tetanus. Reduced amount of aluminum in 

the admixure formulation is also expected to lower the toxicity concerns in aluminum 

based vaccines. Percent retention of tetanus toxoid was increased to 90% in the 

admixture formulations (PLA
72K

/ PLA
72K

-PEG
4K

/PCL
85K

/PCL
85K

-PEG
4K

-Al0.2mg-TT) 

as compared to 55% adsorption in the conventional tetanus vaccine (0.45 mg/dose 

aluminum). Inteleukin-4 (IL-4) and interferon-gamma (IFN-γ) levels were also 

evaluated to estimate the quantum of humoral (HMI) & cell mediated (CMI) immunity 

produced by (PLA
72K

-Al / PCL
85K

-Al) based admixture formulations, which showed 

that the admixture formulations elicits improved CMI and HMI, in comparison to the 

aluminum phosphate (0.45 mg/dose Al) based conventional tetanus vaccine.  

In the toxicity studies conducted by histopathology and serum biochemistry profile, the 

admixture formulations were observed to be safer as compared to conventional tetanus 

vaccine. Thus, the reduced toxicity and generation of improved cell mediated and 

humoral immunity by the PLA
72K

-Al and PCL
85K

-Al supports the strong potential of 

these admixture formulations as an effective alternative adjuvant system for tetanus 

vaccine.  
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4K

 nanoparticles before encapsulation 

Fig 4.4 (b)                              Zeta potential of PCL
85K
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4K

 nanoparticles after encapsulation 

Fig 4.5 (a-c)                            Scanning electron microscope images of (a) PCL
85K

 NPs (b) PCL
85K

-
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4K 

NPs (c) Admixture formulation (PCL
85K

-Al) 
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Fig 4.6                            In-vitro release studies of tetanus antigen from PCL
85K

, PCL
85K

-Al 

0.2mg-TT, PCL
85K

-PEG
4K

-Al0.2mg-TT and conventional tetanus 

vaccine 

Fig 4.7 (a)                            Antitetanus antibody titer in PCL
14K

-TT and conventional tetanus 

vaccine by ELISA 

Fig 4.7 (b)                            Percent survival in PCL
14K

-TT and conventional tetanus vaccine by 

challenge method 

Fig 4.8 (a)                            Antitetanus antibody titer in PCL
85K

-TT and PCL
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-TT by 

ELISA 
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85K

-TT and PCL
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-TT by challenge 

method 
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85K
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85K 
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4K

 -TT and conventional tetanus vaccine by ELISA 

Fig 4.8 (d)                            Comparative percent survival in PCL
14K

-TT, PCL
85K

-TT, PCL
85K
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- PEG
4K

-TT and conventional tetanus vaccine by challenge method 

Fig 4.9 (a)                            Comparative anti-tetanus antibody titer in PCL
85K

 -TT and PCL
85K

 -Al 

0.2mg-TT and conventional tetanus vaccine by ELISA 

Fig 4.9 (b)                            Comparative percent survival in PCL
85K

-TT and PCL
85K

-Al 0.2mg-TT 

and conventional tetanus vaccine by challenge method 

Fig 4.10 (a)                            Comparative anti-tetanus antibody titer in PCL
85K

-PEG
4K

-TT and 

PCL
85K

-PEG
4K

-Al0.2mg-TT and conventional tetanus vaccine by 

ELISA  

Fig 4.10 (b)                            Comparative percent survival in PCL
85K

-PEG
4K

-TT and PCL
85K

-

PEG
4K

-Al 0.2mg-TT and conventional tetanus vaccine by challenge 

method 

Fig 4.11 (a)                            Comparative anti-tetanus antibody titer in PCL-Al based admixture 

formulations and conventional tetanus vaccine 

Fig 4.11 (b)                            Comparative percent survival in PCL-Al based admixture formulations 

and conventional tetanus vaccine 
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Fig 5.2 (b)                              Creatinine levels in mice immunised with conventional tetanus 
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Fig 5.2 (c)                              Cholesterol levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (d)                              HDL levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.2 (e)                              LDL levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.2 (f)                              Triglycerides levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (g)                              Total protein (TP) levels in mice immunised with conventional 

tetanus vaccine and admixture formulations 

Fig 5.2 (h)                              Albumin (ALB) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (i)                              Globulin (GLB) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (j)                              TBL levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.2 (k)                              AST levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.2 (l)                              ALT levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 
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Fig 5.2 (m)                              ALP levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.2 (n)                              CK levels in mice immunised with conventional tetanus vaccine and 

admixture formulations  

Fig 5.2 (o)                              Sodium (Na) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (p)                              Chloride (Cl) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (q)                              Potassium (K) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (r)                              Calcium (Ca) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (s)                              Phosphorus (P) levels in mice immunised with conventional tetanus 

vaccine and admixture formulations 

Fig 5.2 (t)                              Glucose levels in mice immunised with conventional tetanus vaccine 

and admixture formulations 

Fig 5.3 (a-f)                            Histopathology of (a) normal mouse liver, Histopathology of mouse 

liver after immunisation with (b) conventional tetanus vaccine (c) 

PLA
72K

-Al0.2mg-TT (d) PLA
72K

-PEG
4K

-Al 0.2mg-TT (e) PCL
85K

-   

-Al 0.2mg-TT (f) PCL
85K

-PEG
4K

-Al 0.2mg-TT   

Fig 5.4 (a-h)                            Histopathology of (a) normal mouse brain (b) brain of mouse 

immunised with PCL
85K

-PEG
4K

-Al 0.2mg-TT (c) normal mouse 

spleen   (d) spleen of mouse immunised with PCL
85K

-PEG
4K

-Al 

0.2mg-TT (e) normal mouse heart (f) heart of mouse immunised 

with PCL
85K

-PEG
4K
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Abbreviations 

% Percent 

µg Microgram 

µl Microliter 

µm Micrometer 

0
C Degree centigrade 

1
H Proton 

Al Aluminum 

ALB Albumin 

ALP Alkaline phopshatase 

AlPO4 Aluminum phosphate 

ALT Alanine aminotransferase 

APC Antigen presenting cell 

APCs Antigen presenting cells 

AST Aspartate aminotransferase 

ATR Attenuated total reflectance 

B.E. Biological Evans 

BCA Bicinchoninic acid 

B-cell Bursa of fabricus / Bone marrow derived cell  

BCG Bacillus Calmette Guerin 

BP British Pharmacopoeia 

BSA Bovine serum albumin 

BUN Blood Urea Nitrogen 

CD Clusture of differentiation 

CK Creatinine kinase 

cm-1 Per centimetre 

CMI Cell mediated immunity 

Conc. Concentration 

CR Controlled release 

CRE Creatinine 
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CRI Central Research Institute 

Da Dalton 

DAMP 4-dimethylaminopyridine 

DATS Diphtheria antitoxin serum 

DC Dendriatic cell 

DCC Dicyclohexylcarbodiimide 

DLS Dynamic light scattering 

Dr. Doctor 

DT Diphtheria and tetanus 

DTP Diphtheria, tetanus and pertussis 

EDTA Ethylenediamine tetrapthalic acid 

ELISA Enzyme linked immunosorbant assay 

EP European Pharmacopoeia 

EPI Expanded programme of immunisation 

FDA Food and Drugs Administration 

Fig. Figure 

FTIR Fourier transform infrared  

g Gram 

GLB Globulin 

gms Grams 

GP Group 

GPC Gel permeation chromatography 

GSK Glaxo Smithkline 

HAB Hepatitis B vaccine 

HAV Hepatitis A vaccine 

HBI Human Biological Institute 

HCl Hydrochloric acid 

HCV Hepatitic C virus 

HDL High density lipoprotein 

Hib Haemophilus influenza type b 

HIV Human immunodeficiency virus 

HMI Humoral mediated immunity 

HMSNs Hollow mesoporous silica nanoparticles 
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HPLC High performance liquid chromatography 

HRP Horse raddish peroxidase 

hrs Hours 

IAEC Institute animal ethic committee 

IEP Isoelectric point 

IFN Interferon 

IgE Immunoglobulin E 

IgG Immnoglobulin G 

IL Interleukin 

IP Indian Pharmacopoeia 

ISCOM Immune stimulating complexes 

IU International Unit 

kDa Kilo Dalton 

KV Kilo volt 

LALLS Left angle light scattering detector 

LD50 Lethal dose fifty 

LDL Low density lipoprotein 

Lf Limes flocculation 

LPS Lipopolysaccharide 

M.D. Doctor of Medicine 

mg Milligram 

MHC Major histocompatability complex 

MHz Mega Hertz 

ml Milli liter 

MMF Macrophogic myofaciitis 

mmol Milli mol 

Mn Number average molecular weight 

Mol. Wt. Molecular weight 

MPL Monophosphoryl lipid A 

MSNs Mesoporous silica nanoparticles 

mV Milli volt 

Mw Weight average molecular weight 

mΩ  Milli ohm 
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NA Not applicable 

NaOH Sodium hydroxide 

ND Not done 

NK Natural killer cells 

nm Nanometer 

NMR Nuclear magnetic resonance 

NPs Nanoparticles 

NS Normal saline 

O/W Oil in water 

OPV Oral Polio Vaccine 

PAMP Pathogen associated molecular receptors 

PBS Phopsphate buffer saline 

PCL Polycaprolactone 

PDA Photo diode array 

PDI Polydispersity index 

PEG Polyethylene glycol 

pg Picogram 

PGA Poly (glycolic acid) 

pH Potential of hydrogen 

PLA Polylactic acid 

PLGA Poly D-Lactide-co-glycolide  

Pvt. Private 

PZC Point of zero charge 

RALLS Right angle light scattering detector 

rpm Revolutions per minute 

RT Room temperature 

s/c Subcutaneous 

SARS Severe acute respiratory syndrome 

sec Seconds 

SEM Scanning electron microscope 

SIIL Serum Institute of India limited 

TATS Tetanus antitoxin serum 

TBL Total bilirubin level 
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T-cell Thymus derived cell 

TEM Transmission electron microscope 

Th T helper  

Th1 T helper cells type 1 

Th2 T helper cells type 2 

THF Tetrahydrofuran 

TM Trademark 

TMB 3,3,5,5 Tetra methyl amino benizidine 

TP Total protein 

TT Tetanus toxoid 

UIP Universal immunisation programme 

US United States 

USA United States of America 

USP United States Pharmacopoeia 

UV Ultra violet 

v/v Volume by volume 

VLPs Virus like particles 

w/v Weight by volume 

WHO World Health Organisation 

α Alpha 

β  Beta 

γ Gamma 
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