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Abstract: 

Nanotechnology is widely recognized as an essential approach in drug delivery that can influence the therapeutic 

performance of hydrophobic drugs. Self-Nano emulsifying drug delivery systems (SNEDDS) are a standard technique for 

increasing the solubility and dissolution rate of poorly water soluble drugs. When diluted with water and gently agitated, 

SNEDDS are anhydrous homogeneous liquid mixtures of oil, surfactant, co-surfactant, and drugs that spontaneously form 

o/w nanoemulsions. Patients have been prescribed anticoagulants to prevent deep vein thrombosis or pulmonary embolism.  

However, due to many factors with anticoagulant therapy, much attention was focused on developing an ideal anticoagulant, 

and numerous attempts to develop new anticoagulant delivery systems have been made in recent years. In this review, we 

describe recent advances in SNEDDS for anticoagulant delivery and summarize the current clinical use of anticoagulants and 

their delivery systems for transporting anticoagulants to their targets in the body, including targeted delivery concepts. 
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INTRODUCTION: 

Mostly because of the high level of patient compliance, 

oral administration is the most convenient and preferred 

method of drug delivery. However, due to their poor water 

solubility, more than half of drugs administered orally 

have limited therapeutic efficacy. [1]To improve oral 

bioavailability, conventional techniques such as salt 

formation, micronization and solubilization using 

cosolvents, permeation enhancers, and complexation, such 

as cyclodextrin, have been used. Nonetheless, these 

techniques had limited utility and necessitated the use of a 

specific drug candidate. 

 

The Biopharmaceutics Classification System (BCS) 

categorizes drugs into four classes based on their solubility 

and intestinal permeability, as determined by data from the 

United States Food and Drug Administration on intestinal 

drug absorption (US FDA) Drugs with low solubility and 

high permeability were classified as class II. For these 

drugs, the rate-limiting step is drug dissolution from 

formulation and solubility in gastric fluids, not absorption 

rate. As a result, increasing solubility improves drug 

bioavailability. [2, 3] 

 

Microemulsions, nanoemulsions, solid lipid nanoparticles 

(SLN), nanostructured lipid carriers (NLC), polymeric 

micelles, polymeric nanoparticles, and inorganic 

nanocarriers are some of the nanoparticle approaches that 

have been developed.  Furthermore, lipid-based drug 

delivery systems, such as nanoemulsions, have 

demonstrated successful potential in increasing the 

solubility of drugs that are poorly water soluble.  They 

have a mechanism to improve drug bioavailability by 

increasing drug retention time in the stomach, changing 

the biophysical barrier, improving drug solubility, 

decreasing drug metabolism, stimulating lymphatic 

transport, and having less toxicity in vivo. [4-8] as 

colloidal dispersions, nanoemulsions are the most 

prominent lipid-based drug delivery systems. They are 

nanoscopic droplet-sized oil, surfactant, and water systems 

that are optically isotropic, transparent, 

thermodynamically unstable, and kinetically stable. For 

many decades, nanoemulsions have been recognized for 

their ability to improve the oral bioavailability of poorly 

water soluble drugs. [9]The water content of 

nanoemulsions would promote drug hydrolysis and 

precipitation during storage, reducing their utility in oral 

delivery. To overcome the limitations of nanoemulsions, 

the approach of spontaneous self-Nano emulsification for 

oral drug delivery was developed. [10] 

 

TYPE OF (SNEDDS) 

1.  SNEDDS of water in oil (W/O) in which a water bead 

is dispersed in Continuous Phase oil 

2.  Oil in water (O/W) snedds in which an oil bead is 

dispersed in Continuous Phase Water 

3.  Bi-continuous snedds in which the surfactant is 

soluble in both oils as if they were water and the bead 

is scattered in both oils as if they were water. 

 

ADVANTAGE OF SNEDDS [11]  

1. The ease of production and scale-up. 

2. Protection of sensitive drug substances from 

antagonistic conditions in the gut by providing a large 

interfacial region for drug distribution between oil and 

water. 

3. Medication(s) are selectively focused on the way to an 

explicit absorption window in the GIT. 

4. Improved oral bioavailability by increasing 

dissolvability and lowering the dose, thereby 

advancing productive drug transport. 

5. The activity gets off to a quick start. 

6. SNEDDS has a significantly larger surface area and 

free vitality than smaller scale emulsions (SMEDDS). 

7. Reduction in the subject's and intra-changeability 

subject's and nutrient effects. 
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DISADVANTAGE OF SNEDDS 

1. Capability to deliver peptides that are increasingly 

susceptible to enzymatic hydrolysis within the GIT. • 

Has no effect on lipid digestion activity, unlike other 

lipid-based drug delivery systems. 

2. More dependable drug retention profiles in the short 

term. 

3. Management of delivery profiles. 

4. When the polymer is incorporated into a SNEDDS 

arrangement, it delays the arrival of medication.  

5. Fine oil beads would pass quickly and advance 

comprehensive conveyance of medication all through 

the gastrointestinal tract, thereby limiting 

aggravations experienced during expanded contact of 

mass medication substance and the gut wall. 

6. The ease of converting SNEDDS to solid-SNEDDS 

allows for the advancement into a strong 

measurement structure. • It is used as an Ayurveda 

scheme and a Unani scheme. 

7. 1.4 Snedds' Disadvantages [12] 

8. SNEDDS are not appropriate for medications that are 

controlled at extremely high concentrations. • 

SNEDDS are difficult to direct for medications that 

have limited solubility in water and lipids. 

9. The ability of SNEDDS to keep medication in a 

solubilized state is greatly influenced by the 

medication's solubility in an oily stage. 

10. If a surfactant or co-surfactant is added to a greater 

extent for medicate solubilization, the risk of 

precipitation increases. 

11. Temperature and pH have an impact on the security of 

SNEDDS. [13] 

 

COMPOSITION OF SELF-EMULSIFYING DRUG 

DELIVERY SYSTEMS: 

The self-emulsifying process is based on: -  

Concentration of surfactant. 

1. Nature of surfactant 

2. oil phase combination  

3. The temperature at which selfemulsification process 

occurs [14] 

 

1. Drug/active pharmaceutical ingredient  

The Biopharmaceutical classification system (BCS) 

divides drugs into four classes based on solubility (the 

ability of a salute to dissolve in a solvent) and 

permeability (contact between a solute and solvent to form 

a solution) [15]. SEDDs are typically used to improve 

absorption due to the poor permeability and/or solubility 

of Biopharmaceutical Classification System (BCS) class II 

to IV drugs. Such systems, however, can be used for the 

four classes. [16] 

2. Oils  

It is the most important component because it improves 

GIT absorption by facilitating self-emulsification and 

increasing the lipophilic drug fraction transported through 

the intestinal lymphatic system [17]. For the production of 

self-emulsifying systems, both long and medium chain 

triglyceride (LCT and MCT) oils with variable saturation 

degrees have been used. Semi-synthetic MCTs, which are 

amphiphilic compounds with surfactant properties, are 

increasingly replacing common medium-chain triglyceride 

oils. [18] 

 

 

Table 1: List of surfactants used in snedds. 
Class Example Commercial name Application Reference 

Phospholipids Soybean lecithin  All Routes [24] 

POE Castor oil 

POE 

hydrogenated 

castor oil 

POE 35 Castor oil, 

POE 40 Castor oil 

Cremophore EL, 

Etocas 35 HV 

Cremophore RH 40, 

HCO40, 

P/O/T/Oc/M [25] 

POE-PPO 

Block 

copolymers 

Poloxamer 188 

Poloxamer 407 

Pluronic / Lutrol F 68 

Pluronic / Lutrol F 

127 

P/O/T/Oc/M [26] 

Sorbitan ester 

Sorbitan mono oleate 

span 80, 

Sorbitan mono laurate 

span 20, 

Sorbitan mono stearate 

60, 

Crill 4 

Crill 1 

Crill 3 

P/O/T/Oc/M [27] 

Poly sorbates 

POE20 Sorbitan 

monooleate Tween 80, 

POE 20 Sorbitan 

monolaurate Tween 20 

Crillet 4 

Crillet 1 
P/O/T/Oc/M [28] 

Polyglycolyzed 

glycerides 

Linoleoyl macrogol 

glycerides, 

Oleoyl macrogol 

glycerides, 

Caprylocapro-yl 

macrogol glycerides 

Labrafil 2125 CS, 

Labrafil 1944 CS, 

Labrasol 

O/

T 
[29] 

POE stearate 
PEG66012 hydroxy 

stearate 
Solutol HS 15 P/T/O/Oc/M [30] 
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Table 2: List of generally used co-surfactant. 
Class Example Application Reference 

Short-chain alcohols 
Ethanol, benzyl alcohol, 

Akoline, MCM, Methanol 
P/O/T/Oc/M [33] 

Polyethylene glycols PEG 400, Poloxamer 188 P/O/T/Oc/M [34] 

Glycol ethers 

Diethylene glycol 

monoethyl ether 

(Transcutol) 

O/T [35] 

Alkane diols and triols 
Propylene glycol 

200,Lauroglycol FCC 
P/O/T/Oc/M [36],[37] 

 Glycerol P/O/T/Oc/M [37] 

 

 

3. Surfactants 

The hydrophilic-lipophilic balance (HLB), viscosity, 

affinity for the oily phase, and concentration of the 

surfactants all have an effect on the self-Nano 

emulsification process and droplet size of the 

nanoemulsions [19][20][21]. Surfactants are typically 

divided into three types: anionic, cationic, and non-ionic. 

Non-ionic surfactants with high HLB values are 

commonly used in the preparation of SNEDDS because 

they are less toxic than ionic surfactants. Many non-ionic 

surfactants, such as Cremophor EL, have the ability to 

improve drug permeability and uptake via P-glycoprotein-

mediated efflux. [22][23] 

As a result, selecting the appropriate type of surfactant is 

critical for the preparation of the SNEDDS. Furthermore, 

the concentration of the selected surfactants should be as 

low as possible in order to limit the adverse effect caused 

by the surfactants. Several surfactants, either alone or in 

combination, can be used to prepare SNEDDS with the 

desired characteristics for oral delivery. 

 

CO-SURFACTANT  

The comparative capacity to the surfactant component is 

referred to as co-surfactant. Co-surfactant is used in 

conjunction with a surfactant unit or a combination of 

surfactant components to increase the capacity of a 

surfactant to improve the water dissolvability of a drug 

that is insufficiently water soluble. Interfacial Fluidity can 

be avoided by using a cosurfactant that is a single-chain 

surfactant unit. Surfactant, oil, and water are used as 

cosurfactants. It can be isolated using a surfactant particle 

monomolecular layer. The Surfactant particle's 

Monomolecular Layer is referred to as the Liquid Crystal 

Arrangement Layer. The most important application of co-

surfactant in SNEDDS is to reduce interfacial tension at 

the oil-water interface. [31][32] 

 

FACTORS INFLUENCING THE PREPARATION 

OF SNEDDS 

The surfactant should not crystallise into a lyotropic 

liquid. 

The system consists of a short chain of alkanes, OH, H2O, 

and surfactant forming phases that are used in conjunction 

with the co-surfactant. 

The nature or type of medication has a significant impact 

on the nanoemulsion's readiness. The concentration of 

surfactant is always optimal because a higher 

concentration of surfactant can be poisonous.[38] 

SELF-EMULSIFYING DRUG DELIVERY SYSTEMS 

(SEDDS)  

SEDDS, a lipid-based technique, was shown to increase 

drug dissolution rate and aid in the formation of soluble 

drug phase among the various strategies available to date. 

These formulations can be easily filled into soft and hard 

gelatin capsules. The self-emulsifying formulation is an 

isotropic mixture of drug, lipids, surfactants, and a co-

solvent that produces a superfine emulsion when agitated 

in the gastro intestinal (GI) tract. SEDDS are classified 

into two types based on the globule sizes formed during 

dispersion: SMEDDS and SNEDDS. SMEDDS are 

formulations that produce a transparent microemulsion of 

oil-in-water or water-in-oil with a globule diameter of 250 

nm. SNEDDS has a transparent droplet size of 20 to 200 

nm.[9] SNEDDS is a competent, well-designed, and 

patient-compliant technique for sparingly soluble drugs 

because it improves solubility, dissolution patterns in the 

GI tract, permeability, and absorption. [39] 

 

ANTICOAGULANT  

Therapy Heparins, vitamin K antagonists (VKAs), direct 

thrombin inhibitors (DTIs), and direct factor “xaban” (Xa) 

inhibitors are the four main anticoagulant drugs. We 

divided this section into two parts for clarity: traditional 

anticoagulant agents (heparins and VKAs) and novel 

anticoagulant drugs (DTIs and direct factor Xa inhibitors). 

Conventional Anticoagulant Agents  

Unfractionated Heparin (UFH), Low-Molecular-Weight 

Heparin (LMWH), and Ultra-Low-Molecular-Weight 

Heparin (ULMWH)  

Unfractionated heparin (UFH) is one of the most ancient 

biopolymeric drugs still in use in medicine. It is a highly 

sulfated glycosaminoglycan (GAG) with the highest 

negative charge density of any biological macromolecule 

known to science [40]. The affinity of UFH for a naturally 

occurring serine protease inhibitor, antithrombin III 

(ATIII), results in an increase in the ATIII thrombin 

inhibition rate as well as inhibition of other serine 

proteases involved in the coagulation process [41]. UFH is 

approved for the treatment and prevention of a number of 

conditions, including VTE, a potentially fatal condition 

that includes deep vein thrombosis (DVT) and pulmonary 

embolism (PE) [2]. UFH is administered parenterally via 

intravenous or subcutaneous injection; the latter has a 
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lower bioavailability. The non-specific binding of UFH to 

plasma proteins explains why individuals' anticoagulant 

activity varies, necessitating continuous monitoring. UFH 

is rapidly cleared from the body via the depolymerization 

mechanisms of endothelial and macrophage cells, whereas 

the kidneys are in charge of a slower UFH clearance 

mechanism. [42] 

These controlled reactions allow drugs to have more 

predictable pharmacokinetic and pharmacodynamic 

profiles, making them dose-dependent compared to UFH. 

As a result, LMWHs require less monitoring. [43].  

However, because LMWHs are heterogeneous compounds 

with distinct pharmacological and biochemical properties, 

they are not clinically interchangeable. [44].  

Furthermore, when compared to UFH, LMWHs have 

fewer side effects and higher bioavailability when 

administered subcutaneously. However, administering 

protamine sulphate partially reverses the anticoagulant 

effect, increasing the risk of bleeding due to overdose. 

Because LMWHs are eliminated by the kidneys, 

administration in patients with renal failure extends their 

half-life. [45] 

The theory that sparked interest in ULMWH was that 

compounds with a high anti-activated factor X (FXa) to 

anti-activated factor II (FIIa) activity ratio would achieve 

similar or better efficacy than LMWH products while 

posing a lower risk of bleeding and thrombocytopenia. 

[46].  

ULMWHs are generated through a more extensive 

controlled depolymerization reaction that keeps the 

pentasaccharide active site intact. They have a higher 

proportion of short chains (Mw 3000 Da), resulting in 

better efficacy and safety profiles. Fondaparinux was the 

first synthetic ULMWH, an analogue of the 

pentasaccharide sequence marketed by Sanofi in 2002 and 

now marketed by GlaxoSmithKline as Arixtra. [47] 

Antagonists of Vitamin K (VKAs) VKAs, such as 

warfarin, have been the standard anticoagulant therapy for 

more than 60 years, and they continue to be the most 

commonly prescribed oral anticoagulants globally [48]. 

VKAs are used to prevent arterial and venous 

thromboembolic disorders over time [49]. VKAs inhibit 

the formation of vitamin K-dependent clotting factors such 

as factor II (FII), factor VII (FVII), factor IX (FIX), factor 

X (FX), and proteins C and S by antagonising vitamin K 

[50].  

VKAs are rapidly absorbed from the gastrointestinal tract 

after oral administration; they have a high bioavailability 

and reach the plasma concentration peak within a few 

hours. Furthermore, VKAs have a plasma half-life of 40 

hours and are highly bound to plasma proteins during 

circulation. Different enzymes of the cytochrome P450 

system, including CYP2C9, CYP1A2, and CYP34A, are 

involved in biotransformation and inactivation [51-53] 

because the excretion of unchanged VKAs is negligible; 

its elimination is dependent on hepatic metabolism. 

Furthermore, VKA antidotes are available, and a reversal 

effect could be achieved by administering vitamin K or 

infusing clotting factor [54]. 

 

COAGULATION TEST PERFORMANCE OF SELF - 

NANOEMULSIFYING DRUG DELIVERY SYSTEM 

Kazi M, Al-Swairi M et al., (2019) fabricated the 

Talinolol (TAL) self-nanoemulsifying drug delivery 

systems using a variety of oils, non-ionic surfactants, 

and/or water-soluble co-solvents, and were evaluated 

visually/by droplet size measurement. To achieve the 

highest drug loading, the equilibrium solubility of TAL in 

anhydrous and diluted SNEDDS was studied. The 

representative formulations were compared to the 

marketed product Cordanum R 50 mg and raw drug in in 

vitro dissolution experiments and human red blood cells 

(RBCs) toxicity test, ex vivo gut permeation studies, and 

bioavailability of SNEDDS in rats, and it was concluded 

that Talinolol loaded SNEDDS formulations could be a 

potential oral pharmaceutical product with high drug-

loading capacity, [55]. 

Qiu XL, Fan ZRet al., (2021) improved heparin absorption 

after oral administration, a self-nanoemulsifying drug 

delivery system (SNEDDS) was created, in which heparin 

was compounded with phospholipids to achieve greater fat 

solubility in the form of heparin-phospholipid (HEP-Pc) 

complex. The solvent evaporation approach was used to 

improve the solubility of heparin in n-octanol, resulting in 

the HEP-Pc complex. Differential scanning calorimetry 

(DSC), Fourier-transform infrared (FT-IR) spectroscopy, 

NMR, and SEM were used to demonstrate the successful 

synthesis of the HEP-Pc complex. High-pressure 

homogenization was used to make and characterise a 

heparin lipid microemulsion (HEP-LM). In mice, HEP-

LM can improve heparin absorption following oral 

administration, dramatically extend activated partial 

thromboplastin time (APTT) and thrombin time (TT), and 

decrease fibrinogen (FIB) concentration. All of these 

findings suggest that HEP-LM has a lot of promise as an 

oral heparin formulation. [56]. 

Mohsin K, Alamri Ret al., (2016) were designed the 

model anticholesterol drug, fenofibrate, LFCS Type III 

SNEDDS using various oils, watersoluble surfactants, 

and/or cosolvents (depending on the polarity of the lipids). 

The developed SNEDDS were evaluated visually and by 

measuring droplet size. The maximum drug loading was 

determined by measuring the equilibrium solubility of 

fenofibrate in the SNEDDS. Dynamic dispersion studies 

(1/100 dilution) in water were performed to determine 

how much drug remained in solution after aqueous 

dispersion of the formulation. The BA of the SNEDDS 

formulation was tested in rats. [57].  

In another study Soltani Y, Goodarzi Net al., (2017) 

Proper ion paired hydrophobic complexes could be 

prepared and used for the preparation of SNEDDS using a 

molar ratio of heparin: CPCD (1: 3). Furthermore, using 

Design-Expert® software, SNEDDS were statistically 

optimised using central composite response surface 

methodology. The optimized nano-droplets were 

morphologically studied using TEM, and the images 

revealed spherical globules with no sign of aggregation. In 

vitro release of heparin from nano-droplets revealed a 

slow rate of drug release in simulated intestinal fluid. The 

authors suggest that because larger droplets are prepared, 

 Muthumari P et al /J. Pharm. Sci. & Res. Vol. 13(11), 2021, 681-686

684



the EE percent is reduced, and the release rate of heparin 

from SNEDDS prototypes diluted with SGF is faster, it is 

preferable to protect the SNEDDS prototypes from gastric 

fluid by using enteric-coated hard gelatine capsules for 

oral administration. SNEDDS, as a mucus-penetrating 

drug delivery system, warrant further investigation. It is 

still unknown how SNEDDS penetrate the mucus layer of 

the intestinal epithelium, and the effects of 

physicochemical properties such as size and zeta potential 

on mucus permeability of nanodroplets should be 

investigated.  Furthermore, the drug release profile of 

SNEDDS in the mucus layer should be studied in greater 

depth. It would also be interesting to see how SNEDDS 

affects trans epithelial electrical resistance (TEER) on 

Caco-2 cell monolayers, and how this drug delivery 

system affects tight junctions in the intestinal epithelium. 

[58]. 

 

CONCLUSION 

Several anticoagulants are available orally, and other 

routes of administration, such as pulmonary and topical, 

have been investigated. Given the importance of 

anticoagulants, more safe and effective delivery systems 

must be researched and developed on a continuous basis. 

This review concludes that the Self-Nanoemulsifying drug 

delivery systems (SNEDDS)-based preparation of 

anticoagulant drugs provide evidence to reduce blood 

clotting and, as a result, improve drug bioavailability. 

 

REFERENCES 
1. Lipinski C. Poor Aqueous Solubility - an Industry Wide Problem in 

Drug Discovery. Am Pharm Rev. 2002; 5(3):82-5. 

2. Lachman L, Lieberman H, Kanig JL. The Theory and Practise of 

Industrial Pharmacy. Edn 3, Lea andFebiger, 1986.  

3. Clugston M, Fleming R. Advanced Chemistry. Edn 1, Oxford, UK: 

Oxford Publishing, 2000. 

4. Cerpnjak K, Zvonar A, Gasperlin M, Vrecer F. Lipid-based 

Systems as a Promising Approach for Enhancing the Bioavailability 

of Poorly Water-soluble Drugs. Acta pharm. 2013; 63 (4):427-45. 

5. Brusewitz C, Schendler A, Funke A, Wagner T, Lipp R. Novel 

Poloxamer-based Nanoemulsions to Enhance the Intestinal 

Absorption of Active Compounds. Int J Pharm. 2007; 329(1-2): 

173-81.  

6. Seeballuck F, Lawless E, Ashford MB, O’Driscoll CM. Stimulation 

of Triglyceride-rich Lipoprotein Secretion by Polysorbate 80: in 

vitro and in vivo Correlation using Caco-2 Cells and a Cannulated 

Rat Intestinal Lymphatic Model. Pharm Res. 2004; 21(12):2320-6. 

7. Mohsin K SA, Alanazi F. Lipid based self emulsifying formulations 

for Poorly Water Soluble Drugs-an Excellent Opportunity. Indian J 

Pharm Educ Res. 2012; 46:88-196.  

8. Subramanian R, Wasan KM. Effect of Lipid Excipients on in vitro 

Pancreatic Lipase Activity. Drug Dev Ind Pharm. 2003; 29(8): 885-

90. 

9. Bates TR, Carrigan PJ. Apparent Absorption Kinetics of 

Micronized Griseofulvin After its Oral Administration on Single- 

and Multipledose Regimens to Rats as a Corn Oil-in-water 

Emulsion and Aqueous Suspension. J Pharm Sci. 1975; 

64(9):1475-81. 

10. Date AA, Desai N, Dixit R, Nagarsenker M. Self-Nanoemulsifying 

Drug Delivery Systems: Formulation Insights, Applications and 

Advances. Nanomedicine. 2010; 5(10):1595-616. 

11. Thnya, M, SL, Kumar, Hari. SMEDDS/SNEDDS: An emerging 

technique to solubility enhancement for the pharmaceutical 

industry. Wjpps, 2017; 6(7): 317-336. 

12. Vanani, RN,; Sattarahmady, N,; Azarpira, N,; Heli, H,; Introducing 

Self-Nanoemulsifying Drug Delivery System to Increase the 

Bioavailability of Oral Medications. JBJ, 2018; 6(3): 1-13. DOI: 

10.29252/jorjanibiomedj.6.3.1. 

13. Udaya, Sakthi, M,; Josephine, Ritashinita,; Lobo, F; Kiran, B, 

Uppulurl,; Self-Nano Emulsifying Drug Delivery Systems for Oral 

Delivery of Hydrophobic Drugs, Biomed, and Pharmacol. J, 2013; 

6(2): 355-362. 

14. Neslihan Gursoy, R. and S. Benita (2004). "Self emulsifying drug 

delivery systems (SEDDS) for improved oral delivery of lipophilic 

drugs." 

15. Kaur, M. (2013). "Self emulsified drug delivery system for the 

enhancement of oral bioavailability of poorly water soluble drugs." 

International journal of advances in pharmacy, biology and 

chemistry. Khedekar, K. and S. Mittal (2013). Self emulsifying 

drug delivery system: A review. 

16. Singh, B., S. Bandopadhyay, R. Kapil, R. Singh and O. Katare 

(2009). "Self-emulsifying drug delivery systems (SEDDS): 

formulation development, characterization, and applications." Crit 

Rev Ther Drug Carrier Syst 26(5): 427-521. 

17. Khoo, S. M., et al. (1998). "Formulation design and bioavailability 

assessment of lipidicsilfemulsifying formulation of halofanitrine." 

Int J Pharm. 167: 155-164. 

18. Constantinides, P. P. (1995). "Lipid microemulsions for improving 

drug dissolution and oral absorption: physical and 

biopharmaceutical aspects." Pharm Res 12(11): 1561-1572. 

19. Date AA, Nagarsenker MS. Design and Evaluation of Self-

nanoemulsifying Drug Delivery Systems (SNEDDS) for 

Cefpodoxime Proxetil. Int J Pharm. 2007; 329(1-2):166-72.  

20. Basalious EB, Shawky N, Badr-Eldin SM. SNEDDS Containing 

Bioenhancers for Improvement of Dissolution and Oral Absorption 

of Lacidipine. I: Development and Optimization. Int J Pharm. 

2010; 391(1-2): 203-11.  

21. Wang L, Dong J, Chen J, Eastoe J, Li X. Design and Optimization 

of a New Self-Nanoemul- sifying Drug Delivery System. J Colloid 

Interface Sci. 2009; 330(2):443-8. 

22. Rege BD, Kao JPY, Polli JE. Effects of Nonionic Surfactants on 

Membrane Transporters in Caco-2 cell Monolayers. Eur J Pharm 

Sci. 2002; 16(4):237-46.  

23. Mountfield RJ, Senepin S, Schleimer M, Walter I, Bittner B. 

Potential Inhibitory Effects of Formulation Ingredients on Intestinal 

Cytochrome P450. Int J Pharm. 2000; 211 (1-2):89-92. 

24. Sheth, N, Raval, M, PA, P, Jaydeep, Formulation and development 

of a selfnanoemulsifying drug delivery systm of irbesartan. J Adv 

Pharm Techno Res, 2011; 2(1): 9-16. DOI: 10.4103/2231-

4040.79799.  

25. Liu, C,;, Li, G,; Lv, L,; Guo, W,; Mo, L,; Huang, Y,; Huang, X,; 

self-nanoemulsifying drug delivery system of tetrandrine for 

improved bioavailability physicochemical characterization and 

pharmacokinetics study. Biomed Res Int, 2018; 10.  

26. Narkhede, RS, Gujar, KN, Gambhire, VM, Design and evaluation 

of self-nanoemulsifying drug delivery system for nebivolol. Asian 

Pharm, 2014.  

27. B, Emad, B, Shawky, N, B-E, Shaimaa, M, SENDDS containing 

bioenhancer for improvement of dissolution and oral absorption of 

lacidipine. I: Development and optimization. Int J Pharm, 2010; 

391: 203-211. DOI: 10.1016/j.ijpharm.2010.03.008.  

28. Corveleyn, S, Remon, JP, Formulation of a lyophilized dry 

emulsion tablet for the delivery of poorly soluble drugs. Int. J. 

Pharm, 1998; 166: 65–74.  

29. Patel, P,K,; Patel, M, R,; Patel, K, R,; A Review on Self-Micro 

Emulsifying Drug Delivery Systems, ARPB, 2014; 4(1): 590-598.  

30. O, Sullivan, JJ, Park, M, Beevers, J, Greenwood, RW, Norton, IT, 

Applications of ultrasound for the functional modification of 

proteins and Nano emulsion formation: a review. Food 

Hydrocolloids, 2017; 71: 299-310. DOI: 

10.1016/j.foodhyd.2016.12.037 

31. O, Sullivan, JJ, Park, M, Beevers, J, Greenwood, RW, Norton, IT, 

Applications of ultrasound for the functional modification of 

proteins and nanoemulsion formation: a review. Food 

Hydrocolloids, 2017; 71: 299-310. DOI: 

10.1016/j.foodhyd.2016.12.037  

32. Hyma, P, Anusha, C, Abbulu, K, Formulation and Characterization 

of Telmisartan Self Microemulsifying Drug Delivery System. 

International Journal of Pharmacy and Pharmaceutical Sciences, 

2014; 6(1): 120-5. 

33. Hiral, A,;Y, Makadia, Ami,; B, Bhatt, Ramesh,; Parmar, S, 

JalpaPaun, HM, Tank,; Self-Nano Emulsifying Drug Delivery 

 Muthumari P et al /J. Pharm. Sci. & Res. Vol. 13(11), 2021, 681-686

685



System (SNEDDS), Future Aspects, Asian J. Pharm. Res, 2013; 

3(1): 21-27. 

34. MA, Rahman,; MS, Hussain,; MA, Mirza,; Z Iqbal,; Role of 

excioient in successful development of self- emulsifying 

/microemulsifying drug delivery system (SEDDS/MEDDS), Drug 

Dev Ind Pharm., 2013; 39(1): 1-19. 

DOI:10.3109/03639045.2012.660949.  

35. Buyukozturk, F,; Benneyan, JC,; Carrier, RL,; Impact of emulsion-

based drug delivery systems on intestinal permeability and drug 

release kinetics. J. Control Release, 2010; 142: 22–30. DOI: 

10.1016/j.jconrel.2009.10.005  

36. Patil, P, Paradkar, A: Porous polystyrene beads as carriers for self-

emulsifying system containing loratadine. AAPS Pharm. Sci. Tech, 

2006; 7(1): 28. DOI:10.1208/pt070128  

37. Suvakanta, D, Padala, NM, C, Prasantha, Review- Kinetic 

modelling on drug release from Controlled drug delivery system. 

ActaPoloniae Pharamaceutica, 2010; 67(3): 217-233.  

38. I, Solè,; A, Maestro , C, Gonzalez,; C, Solans ,; JM, Gutiérrez ,; 

Optimization of Nano emulsion preparation below energy method 

in the ionic surfactant system, 2006; 26; 22(20): 8326-32. DOI: 

10.1021/la0613676. 

39. Elgart A, Cherniakov I, Aldouby Y, Domb AJ, Hoffman A. 

Improved oral bioavailability of BCS class 2 compounds by self 

nanoemulsifying drug delivery systems. (SNEDDS): the underlying 

mechanisms for amiodarone and talinolol. Pharm Res. 2013; 30: 

3029-3044. 

40. Mulloy, B.; Hogwood, J.; Gray, E.; Lever, R.; Page, C.P. 

Pharmacology of heparin and related drugs. Pharmacol. Rev. 2016, 

68, 76–141. 

41. Torri, G.; Naggi, A. Heparin centenary—An ever-young life-saving 

drug. Int. J. Cardiol. 2016, 212, S1–S4 

42. Onishi, A.; St Ange, K.; Dordick, J.S.; Linhardt, R.J. Heparin and 

anticoagulation. Front. Biosci. (Landmark Ed). 2016, 21, 1372–

1392 

43. Park, J.; Byun, Y. Recent advances in anticoagulant drug delivery. 

Expert Opin. Drug Deliv. 2016, 13, 421–434 

44. Merli, G.J.; Vanscoy, G.J.; Rihn, T.L.; Groce Iii, J.B.; McCormick, 

W. Applying scientific citeria to therapeutic interchange: A 

balanced analysis of low-molecular-weight heparins. J. Thromb. 

Thrombolysis 2001, 11, 247–259 

45. Cosmi, B.; Palareti, G. Old and new heparins. Thromb. Res. 2012, 

129, 388–391. 

46. Walenga, J.M.; Lyman, G.H. Evolution of heparin anticoagulants to 

ultra-low-molecular-weight heparins: A review of pharmacologic 

and clinical differences and applications in patients with cancer. 

Crit. Rev. Oncol. Hematol. 2013, 88, 1–18 

47. Masuko, S.; Linhardt, R.J. Chemoenzymatic synthesis of the next 

generation of ultralow MW heparin therapeutics. Future Med. 

Chem. 2012, 4, 289–296. 

48. Pirmohamed, M.; Kamali, F.; Daly, A.K.; Wadelius, M. Oral 

anticoagulation: A critique of recent advances and controversies. 

Trends Pharm. Sci. 2015, 36, 153–163. 

49. Ferreira, J.L.; Wipf, J.E. Pharmacologic therapies in 

anticoagulation. Med. Clin. N. Am. 2016, 100, 695–718. 

50. Ibrahim, T.F.; Maxwell, S.; Iqbal, O. Current anticoagulation drugs 

and mechanisms of action. In Anticoagulation and Hemostasis in 

Neurosurgery; Loftus, C.M., Ed.; Springer: Cham, Switzerland, 

2016; pp. 33–46 

51. Hirsh, J. Oral anticoagulant drugs. N. Engl. J. Med. 1991, 324, 

1865–1875.  

52. Ageno, W.; Gallus, A.S.; Wittkowsky, A.; Crowther, M.; Hylek, 

E.M.; Palareti, G. Oral anticoagulant therapy: Antithrombotic 

therapy and prevention of thrombosis, 9th ed: American college of 

chest physicians evidence-based clinical practice guidelines. Chest 

2012, 141, e44S–e88S. 

53. Wadelius, M.; Pirmohamed, M. Pharmacogenetics of warfarin: 

Current status and future challenges. Pharmacogenomics J. 2006, 7, 

99–111. 

54. Ufer, M. Comparative pharmacokinetics of vitamin K antagonists. 

Clin. Pharmacokinet. 2005, 44, 1227–1246. 

55. Kazi M, Al-Swairi M, Ahmad A, Raish M, Alanazi FK, Badran 

MM, Khan AA, Alanazi AM, Hussain MD. Evaluation of self-

nanoemulsifying drug delivery systems (SNEDDS) for poorly 

water-soluble talinolol: preparation, in vitro and in vivo assessment. 

Frontiers in pharmacology. 2019 May 2; 10:459. 

56. Qiu XL, Fan ZR, Liu YY, Wang DF, Wang SX, Li CX. Preparation 

and Evaluation of a Self-Nanoemulsifying Drug Delivery System 

Loaded with Heparin Phospholipid Complex. International Journal 

of Molecular Sciences. 2021 Jan; 22(8):4077. 

57. Mohsin K, Alamri R, Ahmad A, Raish M, Alanazi FK, Hussain 

MD. Development of self-nanoemulsifying drug delivery systems 

for the enhancement of solubility and oral bioavailability of 

fenofibrate, a poorly water-soluble drug. International journal of 

nanomedicine. 2016; 11:2829. 

58. Soltani Y, Goodarzi N, Mahjub R. Preparation and characterization 

of Self Nano-emulsifying drug delivery system (SNEDDS) for oral 

delivery of heparin using hydrophobic complexation by cationic 

polymer of β-cyclodextrin. Drug development and industrial 

pharmacy. 2017 Nov 2; 43(11):1899-907. 

 

 

 

 

 

 

 Muthumari P et al /J. Pharm. Sci. & Res. Vol. 13(11), 2021, 681-686

686




