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Abstract 

Background: cerebral ischemia still represents one of the most common causes of 

death and disability worldwide. A prompt treatment using strong neuroprotective 

medications is one potential method of pharmacological therapy for brain ischemic 

stroke patients. Thyroid hormone (T3) has been demonstrated to protect against 

ischemic damage. Despite the fact that thyroid hormone may pass across the blood-

brain barrier (BBB).  

Objective: we hypothesized that the effectiveness of thyroid hormone in ischemic brain 

stroke can be improved by encapsulation in nanoparticulate delivery vehicles. 

Methods: We tested our hypothesis by generating thyroid hormone encapsulated in 

nanoparticles or brain-targeted nanoparticles using biodegradable polymers by 

utilizing an environment-friendly Supercritical Assisted Atomization (SAA) process 

as an alternative to a thyroid hormone solution in the setting of the MCAO stroke 

model. The biggest benefit of our proposed exploit of thyroid hormones in ischemic 

stroke is the fact that this strategy uses the body’s endogenous hormones at sub-toxic 

levels to afford significant improvement in a life-endangering situation. According to 

our preliminary studied considerations, some tests were performed setting the saturator 

operating conditions in a pressure range between 5 and 15MPa and a temperature range 

between 70 and 90oC.  

Results:  The best results in terms of stability of the process and morphology of thyroid 

hormone nanoparticles were observed operating at 10MPa and 80oC. Our preliminary 

investigations also show that treatment with T3 significantly decreased infarct area 

(~36%) and analysis of hemispheric areas for edema formation showed that the edema 

formation induced by transient-MCAO was reduced by ~60% upon T3 treatment.  

Conclusion: Thus, innovation in our proposal lies in our hypothesis, and our novel 

approaches directed at tackling edema in stroke. 

Keywords: Anti-edema activity, blood–brain barrier, brain targeted nanoparticles, 
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INTRODUCTION 

Ischemic stroke is one of the health 

challenges in India and the rest of the 

world. The absence of effective 

neuroprotective techniques in humans 

leaves stroke victims with permanent 

impairments brought on by the 

irreversible death of brain neurons [1]. 

One of the main causes of sudden and 

substantial death following a stroke is the 

development of cerebral edema [2]. The 

studies outlined in this proposal seek to 

establish the anti-edema and 

neuroprotective properties of thyroid 

hormones in ischemic stroke. In the 

literature, over 1000 candidate 

compounds for stroke have been 

reportedly tested with the hope of 

eventual clinical use [3]. However, not a 

single compound has been successfully 

translated into a viable clinically useful 

drug. There is considerable interest in the 

neuroprotective properties of endogenous 

hormones (estrogen, progesterone) or 

proteins (superoxide dismutase, 

erythropoietin) [4-8]. Our research adds 

to this concept of using endogenous 

neuroprotectants rather than xenobiotic 

compounds. The underlying tenet of our 

proposal is that thyroid hormone 

possesses anti-edema activity in brain 

stroke. 

Development of brain edema in 

ischemic stroke 

Brain ischemia can result from a variety 

of etiologies, including arterial blockade 

by atherosclerosis, embolism, vasospasm, 

intracranial hemorrhage, or loss of 

perfusion secondary to cardiac arrest. 

Risk factors for stroke include old age, 

hypertension, cardiac arrhythmias and 

myocardial infarction, diabetes, smoking, 

hyperlipidemia, and chronic alcoholism. 

Brain ischemia causes an insufficient 

supply of oxygen and glucose and a loss 

of ATP. When perfusion levels drop 

below 20-25% of normal, the tissue 

becomes electrically silent, which leads 

to loss of potassium from cells. Increased 

potassium is partially buffered by glial 

uptake. While potassium is lost from the 

cells, sodium and chloride enter the cells, 

together with passive water, causing 

cellular edema. The influx of sodium and 

chloride is much larger than the efflux of 

potassium, and early edema formation 

negatively affects the perfusion of the 

surrounding tissue. Water accumulation 

is an early process of neuronal 

degeneration. One of the most serious 

effects of ischemic brain injury is the 

production of cerebral edema, which is 

seen after a massive hemisphere stroke 

and is a critical factor in determining 

survival following traumatic brain injury 

[9]. While a number of processes 

maintain the homeostatic regulation of 

water content in healthy brains, ischemia 

leads to the breakdown of these systems, 

which includes severe dysregulation of 

ionic distribution, which increases 

intracranial pressure and causes swelling 

of the brain [9-11]. The CA1 region's 

pyramidal cells are the most sensitive to 

ischemia among all brain areas, with the 

hippocampus being the most vulnerable 

[12]. Furthermore, it is well known that 

astrocytes grow in response to excitotoxic 

glutamate concentrations [13, 14], and 

this swelling may have a significant 

impact on changes in intracranial 

pressure. The increased intracranial 

pressure associated with brain edema is a 

major determinant of patient survival 

beyond the first hours after stroke. Edema 

formation is strongly promoted by 

excitotoxic mechanisms. Calcium enters 
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cells particularly through N-methyl-D-

aspartate (NMDA) channels, an event 

that is considered of special neurotoxic 

significance. Calcium that cannot be 

sequestered by neurons is toxic and 

initiates the breakdown of proteins, 

nucleic acids, and membrane 

phospholipids, causing cell death by 

necrosis or apoptosis. High levels of 

glutamate are observed after stroke, and 

the excitotoxic actions of glutamate on 

NMDA receptors and calcium influx are 

central to the concept of ischemia-

induced neuronal cell death [15, 16]. 

Reactive oxygen radicals causing lipid 

peroxidation and the formation of nitric 

oxide may aggravate cellular damage at 

this point. Major gateways for calcium 

entering cells are ligand-operated calcium 

channels, such as the NMDA receptor 

complex, and voltage-sensitive calcium 

channels, such as L-type channels [17-

19]. NMDA receptor antagonists have 

been tested in many experimental and 

clinical studies. Whereas NMDA 

blockers were promising in animal 

models of stroke, clinical trials of these 

compounds failed, partly due to limited 

efficacy but mainly due to their 

psychotomimetic and cardiovascular side 

effects. Due to the complexity of the 

cellular response to glutamate 

excitotoxicity future therapies for stroke 

and stroke associated consequences 

(brain edema) have been proposed to 

include multiple drugs to block multiple 

cellular responses [20].  

As was mentioned above, cellular 

swelling (brain edema) during brain 

ischemia is due to influx of sodium and 

chloride ions with water accumulation 

and is intimately involved in the 

regulation of necrotic and apoptotic death 

of cells [21]. Our proposal rests on the 

hypothesis that thyroid hormones inhibit 

neurotoxicity by inhibiting water influx 

into the cell.  

Nanoparticles as a vehicle for the 

delivery of therapeutic agents to the 

brain 

Nanoparticles are polymeric particles 

made of natural or artificial polymers 

ranging in size between 10 and 1000 nm. 

The polymeric nature of these particles 

greatly facilitates controlled or sustained 

delivery of therapeutic drugs adsorbed or 

encapsulated on these particles. Further, 

surface modifications of these particles 

allow them to be tagged with specific 

sequences or moiety tags for tissue 

targeting. Researchers have developed 

and validated such a drug delivery vehicle 

wherein they use glutathione coating of 

poly-(lactide-co-glycolide)-polyethylene 

glycol (PLGA-b-PEG) nanoparticles 

(NPs) (21). Glutathione coated on the 

surface of these NPs facilitates greater 

brain uptake of these nanoparticles and 

the drugs therein via the glutathione 

transporters expressed at the blood-brain 

barrier (BBB) [21, 22]. In this 

application, we proposed to use thyroid 

hormone encapsulated in nanoparticles 

(T3- BTNP or brain-targeted 

nanoparticles) as an alternative to a 

thyroid hormone solution in the setting of 

the MCAO stroke model. Our hypothesis 

that nanoparticles can permeate more 

profound into the ischemic core even in 

conditions of ischemia and low perfusion 

is supported by a recent publication 

highlighting this finding [23]. Moreover, 

there are multiple reports wherein drug 

encapsulation in NPs has been reported to 

diminish the metabolic degradation of 

drugs [24, 25]. 

 



Medical and Pharmaceutical Journal   
  Volume 3 Issue 1 

4 | P a g e  

 

MATERIAL AND METHODS:  

Preparation of nanoparticles: 

Preparation of polymeric 

nanoparticles:  Initially, 30 mL of 

DMSO was used to dissolve 100 mg of T3 

and 200 mg of a copolymer or fatty acid, 

which included stearic acid (SA), 

glyceryl monostearate (GMS), and 

PLGA. The mixture was then put into a 

syringe. Drop by drop, while stirring 

constantly, this DMSO solution was 

added to a beaker that had 100 mL of 

phosphate buffered solution (PBS) at pH 

7. 4 and 2 mL of Tween-80 at 60°C. For 

one hour, the resulting dispersion was 

sonicated. Whatman filter paper 

(0.22µm) was utilized to filter the 

sonicated dispersion. The polymeric 

micelles that were produced were 

refrigerated until they were needed [25]. 

Nanoparticles prepared by 

Supercritical Assisted Atomization. 

Supercritical CO2 processing offers a 

useful and "clean" substitute for 

traditional polymeric nanoparticle 

processing techniques. In the SCF 

process, a cooler brought the CO2 

supplied from a CO2 cylinder down to 

around 0°C to guarantee the gas's 

liquefaction and avoid cavitations. The 

liquefied CO2 was then transferred to the 

high-pressure vessel using a high-

pressure meter pump. A heat exchanger 

was used to pre-heat the liquid CO2 to the 

required operating temperature after it left 

the pump head. When the desired 

pressure of the high-pressure vessel was 

reached, a steady flow of CO2 was 

maintained, and the system pressure was 

controlled by adjusting a downstream 

valve and monitored by a pressure gauge 

to keep the pressure constant. 

Supercritical CO2's moderate critical 

conditions (Tc=31.1°C, Pc=7.38MPa), 

non-toxicity, non-flammability, and 

inexpensive cost have made it an 

excellent candidate for use in particle 

engineering for biological purposes. The 

effects of temperature (70–90°C) and 

pressure (5–18 MPa) were investigated in 

the preliminary trials. Since ethanol 

exhibits high solubility for 

PLGA/polymer, it was used for SAA 

micro/nanonization studies in this study. 

Because of the high affinity that ethanol 

has for CO2, a significant amount of CO2 

can dissolve in the ethanolic solution, 

leading to a significant decrease in 

viscosity. Depending on the weight ratio 

of the polymer to the medication, the 

mean diameter of the produced composite 

particles ranged from around 0.8 to 1 nm 

and had a regular, spherical form. 

Eighteen batches were prepared in the 

form of variations in the temperature or 

pressure represented in Table 1. 

 

 
Figure 1: schematic representations of the 

SAA apparatus 
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Morphology study (FE-SEM) 

The morphology of produced 

nanoparticles was observed by Field 

emission scanning electron microscopy 

(FE-SEM). The FE-SEM image for 

nanoparticles is shown in Figure 2. 

Micromeritics, entrapment efficiency 

(EE) and drug loading (DL) studies 

The obtained data pertaining to 

micromeritics, surface charge, drug 

entrapment, and drug loading of the 

prepared nanoparticles with different 

polymersis presented in Table 2. The 

particle size of prepared nanoparticles 

was measured as a suspension via 

dynamic light scattering using a Zetasizer 

Nano (Malvern Instruments, Malvern, 

United Kingdom), and results are shown 

in Figure 4. 

In-vitro Drug Release Studies 

Dialysis Cassettes (10000 MW CO, 

Thermo Scientific) were used for the in-

vitro release study of T3 from the 

nanoparticulate formulation. For the 

release study, firstly, the dialysis cassettes 

were soaked for the night in the diffusion 

medium, and then, with the help of a 

syringe, a definite quantity of T3-loaded 

nanoparticles equivalent to 0. 1mg of 

drug was precisely inserted into the 

dialysis cassettes. After that, the dialysis 

cassettes loaded with the nanoparticulate 

formulation were kept hanging in the 

glass beaker containing 100 mL of PBS 

(Phosphate Buffer Saline) having pH 7.4 

at (37±0.5°C). The assembly formed was 

set aside on a magnetic stirrer at a speed 

of 50 rpm, and at pre-determined intervals 

of time 3 mL samples were collected over 

a period of 24 hrs. and were replaced by 

fresh dissolution medium after every 

withdrawal. The results are shown in 

Figure 5. 

Determination of the neuroprotective 

and anti-edema action of T3 in p-

MCAO 

We have conducted a pilot study to 

investigate the effects of thyroid 

hormones (T3 and T2) on brain stroke and 

edema formation after transient MCAO 

(1 h). Animals were treated intravenously 

with nanoparticle suspension of thyroid 

hormone. No restriction was placed on 

food and water intake. The dose of the 

drug is given according to the body 

weight of mg/kg. Mice were treated with 

T3 or T2 (500ng in 100ml PBS, i.v. 

through the jugular vein) 10-15 min after 

reperfusion (post-stroke treatment). 

HPLC method is used to analyze the 

concentration of thyroid hormone in the 

brain tissues and blood plasma samples. 

Following brain stroke to observe the 

neurological outcome in mouse behavior, 

a sensorimotor corner test was performed.  

RESULTS AND DISCUSSION 

According to our preliminary study 

consideration, some tests were 

performed, setting the saturator operating 

condition in a pressure range between 5 

and 15 Mpa and in a temperature range 

between 70 to 90 °C. The best results in 

terms of stability of the process and 

morphology of thyroid hormone 

nanoparticles with PLGA were observed 

operating at 8 MPa pressure and 70°C 

temperature conditions, showing very 

good spherical-shaped nanoparticles of 

small size. 
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Table 1: Preliminary trails batches: effect of the pressure and temperature* 

Sr. 

No 

Pressure 

(Mpa) 

Temperature 

(°C) 

Observation 

1 5 70 Irregular nanoparticles 

2 10 70 Irregular nanoparticles 

3 15 70 Irregular nanoparticles 

4 5 75 Aggregated nanoparticles 

5 10 75 Non-spherical 

nanoparticles 

6 15 75 Aggregated nanoparticles 

7 5 80 Non-spherical 

nanoparticles 

8 10 80 Spherical nanoparticles 

9 15 80 Non-spherical 

nanoparticles 

  10 5 85 Non-spherical 

nanoparticles 

11 10 85 Non-spherical 

nanoparticles 

12 15 85 Aggregated nanoparticles 

13 5 90 Non-spherical 

nanoparticles 

14 10 90 Non-spherical 

nanoparticles 

15 15 90 Aggregated nanoparticles 

16 8 70 Spherical nanoparticles 

with less size 

17 12 85 Spherical nanoparticles 

18 18 90 Non-spherical 

nanoparticles 

*at thyroid hormone: PLGA ratio1:1, mass feed ratio(R) of 1.8 between CO2 and the 

liquid solution, preheated N2 at a flow rate of 0.8Nm3/h. 

Figure 2 shows the FE-SEM 

microphotograph of three different types 

of polymeric nanoparticles. It is vivid that 

the nanoparticles were present in 

segregation, devoid of any evidence of 

agglomeration. The developed systems 

were spherical in shape, but size is not 

accepted in nm; it is more than 800 nm. 
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Figure 2: FE-SEM images of (A) SA nanoparticles, (b) GMS nanoparticles, (C) PLGA 

nanoparticles 

Eighteen batches were prepared in the 

form of variations in the temperature or 

pressure. Batch 16 (8 MPa pressure and 

70°C temperature condition showing very 

good spherical shaped nanoparticles with 

small size. The FE-SEM image for 

nanoparticles prepared with supercritical-

assisted atomization is shown in Figure 3  

The obtained data on micromeritics, 

surface charge, drug entrapment, and drug 

loading of the prepared nanoparticles with 

different polymerase are presented in 

Table 2. The particle size of prepared 

nanoparticles was measured as a 

suspension via dynamic light scattering 

using a Zetasizer Nano (Malvern 

Instruments, Malvern, United Kingdom), 

and the results are shown in Figure 4. 

 

 

Figure 3: Nanoparticles obtained by Supercritical Assisted Atomization (FE-SEM image) 

Micromeritics, entrapment efficiency(EE)and drug loading  (DL)studies 
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Table 2: Results of Micromeritics, entrapment efficiency and drug loading 

Sr. 

No. 

Name of 

sample 

Particle Size 

(nm) 
PDI %EE %DL 

1 SA 1494.80±15.01 0.695 65.16±0.35 13.04±0.08 

2 GMS 1247.78±18.84 0.527 71.89±0.81 10.47±0.20 

3 PLGA 1243.00±15.39 0.800 81.70±0.17 14.67±0.04 

 

4 

SAA 

nanoparticles 

 

236.07±19.52 

 

0.310 

 

94.33±0.57 

 

23.58±0.14 

Where: SA- stearic acid; GMS- glyceryl mono stearate; PLGA- poly lactic-co-glycolic 

acid; SAA-Nanoparticles prepared by Supercritical Assisted Atomization Technique 

 
SA Nanoparticles 

GMS Nanoparticles 
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PLGA Nanoparticles 

 
SAA Nanoparticles 

Figure 4 Zetasizer result and Analysis of size  

In-vitro drug release studies 

The T3 release from nanoparticles was 

found to be between 20% and 30% 

within the first two hours in the stomach 

pH, indicating that the results were 

encouraging. On the other hand, normal 

T3 diffused to almost 100% in just 6 

hours, while all of the nanocarriers 

released the medication up to 90% in the 

next 24 hours in the intestinal pH. The 

results show that the produced 

nanoparticles have the ability to regulate 

drug release, which is the most sought 

feature of drug delivery based on nano 

carriers. Figure 5 presents the drug 

release results, clearly illustrating the 

variations in the drug release 

characteristics. It was found that the 

medication release rate governing each 

nanoparticle's potential was almost 

similar throughout the release profiles of 

the synthesized nanoparticles. 
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 Figure 5: Drug release profile of T3 

from the studied systems  

Neuroprotective and anti-edema action of 

T3 in p-MCAO 

Figure 5A shows representative brain slices of 

the control group as well as the T3-loaded 

nanoparticles group 24 h after MCAO. As 

seen in Fig. 5A, TTC staining is evident 

to be neuroprotective, with greater 

protection of the cortex. Treatment with 

T3 significantly decreased infarct area 

(~36%, Fig. 5B). Analysis of hemispheric 

areas for edema formation showed that 

the edema formation induced by t-MCAO 

was reduced by ~60% upon T3 treatment 

(Fig. 5C). Neuroprotection and resolution 

of edema were apparent from visible 

examination of TTC stained brain slices. 

It was clearly observed in Figure 7 that 

the improvement in neurological 

functions in mice treated with T3-loaded 

nanoparticles by corner test [25]. 

 
Figure 6 Reduction of tissue infraction and 

brain edema by T3 and T2 in t-MCAO 

 
Figure 7 Improvement of neurological 

function in T3 treated mice as shown by a 

reduction of the number of left urns as 

measured by corner test 

 

CONCLUSION 

The SAA process is a good alternative to 

conventional processes and has also been 

demonstrated to be very efficient in the 

micro/nanonization of polymer-T3 

composite particles. The amount of T3 in 

coprecipitates is the key factor in 

controlling the dissolution rate of 

polymer (PLGA). Moreover, SAA 

process induces the formation of 

dispersed and amorphous PLGA particles 

that show a higher dissolution rate in 

water. Our studies have shown 

Neuroprotection and anti-edema activity 
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for T3-loaded nanoparticles in a mouse 

model of ischemic brain stroke. A single 

dose of T3-loaded nanoparticles can 

attenuate in fraction and edema 

significantly. 

ACKNOWLEDGEMENT 

The authors are grateful to the 

Sankalchand Patel University and 

GUJCOST for guiding and supporting 

this study.  

Funding  

None 

Conflict of interest  

None  
 

REFERENCES 

1.         Banerjee TK, Das SK. Fifty years of 

stroke researches in India. Ann Indian Acad 

Neurol. 2016;19(1):1-8. DOI: 10.4103/0972-

2327.168631 

2. Raslan A, Bhardwaj A. Medical 

management of cerebral edema. Neurosurg. 

Focus. 2007;22(5):1-2. DOI: 

10.3171/foc.2007.22.5.13 

3. Green AR. Pharmacological approaches 

to acute ischaemic stroke: reperfusion certainly, 

neuroprotection possibly. Br. J. Pharmacol. 

2008;153(S1):S325-38. DOI: 

10.1038/sj.bjp.0707594 

4. Suzuki S, Brown CM, Wise PM. 

Neuroprotective effects of estrogens following 

ischemic stroke. Front Endocrinol. 2009 

;30(2):201-11. DOI: 

10.1016/j.yfrne.2009.04.007 

5.   Sayeed I, Stein DG. Progesterone as a 

neuroprotective factor in traumatic and ischemic 

brain injury. Prog Brain Res. 2009 ;175:219-37. 

DOI: 10.1016/S0079-6123(09)17515-5 

6. Ma Y, Zhou Z, Yang GY, Ding J, Wang 

X. The effect of erythropoietin and its 

derivatives on ischemic stroke therapy: a 

comprehensive review. Front. pharmacol. 

2022;13:743926. DOI: 

10.3389/fphar.2022.743926 

7. Puzio M, Moreton N, O'Connor JJ. 

Neuroprotective strategies for acute ischemic 

stroke: targeting oxidative stress and prolyl 

hydroxylase domain inhibition in synaptic 

signalling. Brain Disorders. 2022;5:100030. 

DOI: 10.1016/j.dscb.2022.100030 

8. Reddy MK, Labhasetwar V. 

Nanoparticle‐mediated delivery of superoxide 

dismutase to the brain: an effective strategy to 

reduce ischemia‐reperfusion injury. The FASEB 

Journal. 2009;23(5):1384-95. DOI: 

10.1096/fj.08-116947 

9. Yoshimura S, Sakai N, Yamagami H, 

Uchida K, Beppu M, Toyoda K, Matsumaru Y, 

Matsumoto Y, Kimura K, Takeuchi M, Yazawa 

Y. Endovascular therapy for acute stroke with a 

large ischemic region. N Engl J Med.  

2022;386(14):1303-13. DOI: 

10.1056/NEJMoa2118191 

10. Kimelberg HK. Water homeostasis in the 

brain: basic concepts. Neurosci. 2004 

;129(4):851-60. 

DOI:10.1016/j.neuroscience.2004.07.033 

11. Wan Y, Holste KG, Hua Y, Keep RF, Xi 

G. Brain edema formation and therapy after 

intracerebral hemorrhage. Neurobiol. Dis. 

2023;176:105948. DOI: 

10.1016/j.nbd.2022.105948 

12. Sible IJ, Yew B, Dutt S, Li Y, Blanken 

AE, Jang JY, Ho JK, Marshall AJ, Kapoor A, 

Gaubert A, Bangen KJ. Selective vulnerability 

of medial temporal regions to short-term blood 

pressure variability and cerebral hypoperfusion 

in older adults. Neuroimage Rep. 2022 

;2(1):100080.  

DOI:10.1016/j.ynirp.2022.100080  

13. Belov Kirdajova D, Kriska J, Tureckova 

J, Anderova M. Ischemia-triggered glutamate 

excitotoxicity from the perspective of glial cells. 

Front. cell. neurosci. 2020;14:51. 

DOI:10.3389/fncel.2020.00051 

14. Seifert G, Schilling K, Steinhäuser C. 

Astrocyte dysfunction in neurological disorders: 

a molecular perspective. Nat. Rev. Neurosci. 

2006;7(3):194-206. DOI: 10.1038/nrn1870 

15. Rothman SM, Olney JW. Excitotoxicity 

and the NMDA receptor--still lethal after eight 

years. Trends Neurosci. 1995;18(2):57-8. DOI: 

10.1016/0166-2236(95)93869-y 

16. Zhang Y, Zhang G, Chen X. Elevated 

Calcium after Acute Ischemic Stroke Predicts 

Severity and Prognosis. Mol. Neurobiol. 2024; 

61(1):266-75. DOI:10.1007/s12035-023-03581-

8 

17. Arundine M, Tymianski M. Molecular 

mechanisms of glutamate-dependent 



Medical and Pharmaceutical Journal   
  Volume 3 Issue 1 

12 | P a g e  

 

neurodegeneration in ischemia and traumatic 

brain injury. Cell Mol Life Sci. 2004;61:657-68. 

DOI: 10.1007/s00018-003-3319-x 

18. Al_hussaniy HA, Alkhafaje Z, Altamimi 

ZS, Oraibi AI, Abdalhassan AH, Abdulhamza 

HM, AL-Zobaidy MJ.  Memantine and its role in 

parkinsonism, seizure, depression, migraine 

headache, and Alzheimer’s disease. Pharmacia. 

2023 5;70(2):291-7. 

DOI:10.3897/pharmacia.70.e99311 

19. Lipton P. Ischemic cell death in brain 

neurons. Physiol. Rev. 1999;79(4):1431-568. 

DOI: 10.1152/physrev.1999.79.4.1431 

20. Christophe B, Karatela M, Sanchez J, 

Pucci J, Connolly ES. Statin therapy in ischemic 

stroke models: a meta-analysis. Transl. Stroke 

Res. 2020;11:590-600. 

DOI: 10.1007/s12975-019-00750-7 

21. Geldenhuys W, Mbimba T, Bui T, 

Harrison K, Sutariya V. Brain-targeted delivery 

of paclitaxel using glutathione-coated 

nanoparticles for brain cancers. J DRUG 

TARGET. 2011;19(9):837-45. DOI: 

10.3109/1061186X.2011.589435 

22. Ahmad S, Khan I, Pandit J, Emad NA, 

Bano S, Dar KI, Rizvi MM, Ansari MD, Aqil M, 

Sultana Y. Brain targeted delivery of carmustine 

using chitosan coated nanoparticles via nasal 

route for glioblastoma treatment. Int. J. Biol. 

Macromol. 2022;221:435-45. DOI: 

10.1016/j.ijbiomac.2022.08.210 

23. Ishii T, Fukuta T, Agato Y, Oyama D, 

Yasuda N, Shimizu K, Kawaguchi AT, Asai T, 

Oku N. Nanoparticles accumulate in ischemic 

core and penumbra region even when cerebral 

perfusion is reduced. Biochem Biophys Res 

Commun. 2013 ;430(4):1201-5. DOI: 

10.1016/j.bbrc.2012.12.080 

24. Kreuter J. Nanoparticles—a historical 

perspective. Int J Pharm.  2007;331(1):1-0. DOI: 

10.1016/j.ijpharm.2006.10.021 

25. Tosi G, Costantino L, Ruozi B, Forni F, 

Vandelli MA. Polymeric nanoparticles for the 

drug delivery to the central nervous system. 

Expert Opin Drug Deliv. 2008;5(2):155-74.  

DOI:10.1517/17425247.5.2.155

 

 

 
 

 

How to cite this article: 

Patel H., Patel J., Patel A. Enhancement of neuroprotective and anti-edema action in mice ischemic 

stroke model using T3 loaded nanoparticles.  Med. Pharm. J. 2023;3(1):1- 12.  

DOI: 10.55940/medphar202463 

Available from: http://pharmacoj.com/ojs/index.php/Medph/article/view/63 

 
 

https://doi.org/10.55940/medphar202463
http://pharmacoj.com/ojs/index.php/Medph/article/view/63

