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ABSTRACT 

Plant based medicines are used from ancient time for treatment of diseases. In some cases desirable effect are 

not achived beacause the biological action of herbal medicine is due to phytoconstituents which can vary batch 

to batch. The amount of phytoconstituent in a plant can vary according to age of plant, time of collection, 

environmental condition etc. To overcome this problem standardized medicinal plants, plant extracts and 

isolated constiturnts can be used. But in case of most of herbal medicine stability as well as absorption is the 

limiting factor. Novel drug delivery system (NDDS) play very important role to overcome above mentioned 

issues. Moreover the patient compliance also increases. 
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INTRODUCTION 

From the history of civilization herbal medicines were used to cure human aliments in every possible condition. 

In modern era we have the option to use them over the synthetic molecules because herbal drugs have lesser side 

effects
1, 2

. From the literature it is very clear that herbal drugs show their pharmacological action either due to 

specific constituent or due to blend of constituents. But the amount of constituents varies batch to batch due to 

ecological factors, tome of collection of plant. Pharmacological effect of the drug can be obtained only when its 

concentration ranges with in the therapeutic range. Any fluctuations above or below the therapeutic 

concentration lead to either toxic effects or no response. So the titration of dose as well as the determination of 

dose is necessory .To overcome such cases and to enhance the efficacy of the herbal drug Novel Drug Delivery 

System (NDDS) play important role, which is a unique blend of various branches of science such as polymer 

technology, pharmaceutics, immunology, molecular biology,etc
3
. The Professionals of the field to understand 

the problems associated with the use of herbal products (such as, Poor stability in gastric environment, high 

extent of first past metabolism, etc.) which creates a hindrance in their frequent usage over synthetic molecules 

by the use of nano technology, where vesicular systems helps in targeted delivery of the desired constituents
4
. 

Rate and extent are the two most important parameters among the drug delivery plus if they are supplemented 

with oriented drug delivery, the efficacy of the therapy increased a lot. Among various potentials of herbal 

NDDS the note worthy are: 

a) They can enhance the solubility of the constituents. 
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b) They can minimize the associated toxic effects. 

c) Improvement in pharmacological actions. 

d) Because of lipoidal content the tissue macrophage uptake of the constituents can also be enhanced. 

Table 1 Herbal Formulations Based On Liposomal Drug Delivery System 

Sr. 

no. 

Plant / Constituents Biological activity Application of Liposomal 

technology 

Reference  

1 Ampelopsin Anti cancer Improved therapeutic 

outcomes 

6 

2 Atractylodes 

macrocephala 

Digestive disorders and anti 

cancer 

Enhancement of solubility and 

bioavailability 

7 

3 Capsaicin Analgesic Prolong action, permeation 

enhancement 

8 

4 Curcumin Anti cancer Long systemic residence time 

and high entrapment 

efficiency  

9 

5 Garlicin Lungs Enhanced therapeutic 

outcomes 

10 

6 Magnolol Vascular smooth muscle 

proliferation inhibition 

Efficacy enhancement 11 

7 Myrtus communis Anti microbial and anti 

oxidant 

Activity enhancement  12 

8 Nux vomica Anti neoplastic, anti 

inflammatory and analgesic  

Improved stability 13 

9 Origanum dictamnus Digestive disorders Efficacy enhancement 14 

10 Paclitaxel Anti cancer Sensitivity towards pH and 

improved entrapment 

efficiency  

15 

11 Puerarin Anti oxidant and anti 

hypercholesterolemic  

Enhanced efficacy 16 

12 Quercetin Anti congestion and anti 

anxiety  

Improved efficacy, improved 

bioavailability and side effect 

reduction 

17 

13 Quercetin and Rutin Hemoglobin  Hemoglobin binding 

enhancement  

18 

14 Tripterygium wilfordi Anti cancer Improved stability 19 

15 Usnic acid Anti mycobacterial Prolong action and solubility 

enhancement  

20 

16 Wogonin Anti cancer Prolong duration of action 21 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CE8QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FOriganum_dictamnus&ei=4k3TT4vHKortrQe-ncn7Dw&usg=AFQjCNExu6MRwznO_MZ6Rv_e4EFowqWIog&sig2=NyXuyXvBjqbhJrYpnESztQ
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Table 2 Herbal Formulations Based on Nanoparticle Drug Delivery System 

Sr

no 

Plant/ Constituents  Biological activity  Application of Nanoparticulate technology Reference 

1 Artemisinin Anti cancer Bioavailability enhancement and sustained 

drug delivery  

23 

2 Berberine Anti cancer Inhibition of Helicobacter pylori growth 24 

3 Breviscapin Cerebrovascular and 

cardiovascular  

Prolong half life 25 

4 Camptothecin Anti cancer Prolong circulation and high density around 

tumor containing area 

26 

5 Cuscuta chinensis Anti oxidant and liver 

protective 

Solubility enhancement 27 

6 Ginkgo biloba  Brain activator  Metabolism and cerebral blood flow 

improvement 

28 

7 Ginseng Anti oxidant Improved Stability and pharmacological 

response 

29 

8 Glycyrrhizic acid Anti hypertensive and 

anti inflammatory  

Bioavailability enhancement 30 

9 Hypocrellins  Anti viral Improved efficacy, hydrophilicity and 

stability 

31 

10 Paclitaxel Anti cancer  Sustained action and minimization of side 

effects 

32 

11 Paclitaxel and 

doxorubicin 

Anti cancer  Lesser chances of resistance development 33 

12 Quercetin Anti oxidant Improved therapeutic outcome and release 

enhancement 

34 

13 Radix Salvia 

Miltiorrhiza 

Anti anginal Bioavailability enhancement  35 

14 Silibinin Hepatoprotective Improved entrapment and stability 36 

15 Silybinin Hepatotoxicity 

treatment 

Enhanced circulation 37 

16 Tetrandrine Lungs  Sustained release of drug 38 

17 Naringenin Hepatoprotective Solubility enhancement and improved release 

of drug 

39 
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e)  Sustained, controlled and targeted effect can also be achieved. 

f) Environmental degradation Prevention. It may be inside the body or outside; related physical and chemical 

degradations can be prevented
5
. 

 Note worthy systems are liposomes, phytosomes, transferosomes, ethosomes, nanoparticles (nanocapsules, 

nanospheres and solid lipid nanoparticles), microspheres, transdermal patches, implants and emulsions. The 

present review deals with the role of NDDS with special reference to herbal drugs/ phytomedicines.   

 

LIPOSOMES 

Liposomes are spherical, colloidal bilayered vesicular systems made up of biodegradable material i.e. 

Phospholipids. Phospholipids are the main structural units of these vesicles. They are an amphipathic molecules 

having bipolarity in their structure. Due to this, upon hydration with aqueous media they adopt a characteristic 

spherical shape and construct an aqueous core with in them. The polar head of phospholipid orient itself towards 

the aqueous media while the hydrophobic tails constitutes the inner region of the membrane.  From here we can 

see that there is both hydrophilic region as well as hydrophobic region within the liposomal vesicle. This 

property made them a versatile carrier system as they can entrap both hydrophilic as well as hydrophobic drug 

with in it. Lipophilic drug occupies the lipoidal domain with in the bilayered membrane while hydrophilic drug 

occupy the aqueous domain i.e. aqueous core. Average size of liposome varies from 0.05 µ -5.0µ. Among 

various advantages associated with liposomes the noteworthy are: 

a) Solubility enhancement 

b) Enhancement of bioavailability 

c) Programmed targeting 

d) Prolongation  of duration of action 

e) As they are lipoidal in constitution they enhance the tissue macrophagial uptake of the entrapped 

constituents. 

f) Stability associated problems can also be solved 

g) Absorption and disposition of the constituents can also be tailored
6
. 

Enormous research has been done in this field (Table 1) and still their marvelous applications inspire researchers 

to ripe more benefits from this drug delivery system.   

 

NANOPARTICLES  

They are the nanosized particulates (10 nm -1000nm) which can be nanospheres, nano capsules or Solid Lipid 

Nanoparticles (SLNs). Nanospheres are matrix based systems in which the drug uniformly dispersed in the 

carrier matrix. The matrix can be either synthetic or natural. Among synthetic generally biodegradable polymers 

are used which are Generally Regarded as Safe (GRAS) by FDA for human consumption. The examples include 

polylactic acid, poly-α- cyanoacrylate alkyl esters, polyvinyl alcohols, glycolic acid polymers, etc. 

Among natural polymers that are use as matrix in nano particulates, there are two important categories: (a)  

18 Zedoary turmeric oil Liver protective, Anti 

oxidant and anti 

neoplastic 

Improved stability and improved loading of 

drug 

39 
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Table 3 Herbal Formulations Based on Phytosomal Drug Delivery Systems 

Sr. 

no. 

Plant/ Constituent Biological activity Application of 

 Phytosomal Technology 

Reference 

1 Curcumin Anti cancer and Anti oxidant Improved anti oxidant activity 

and bioavailability  

42 

2 Embelin Anti fertility and anti Bacterial  Solubility enhancement 43 

3 Epigallocatechins Anti cancer and anti oxidant Absorption enhancement 44 

4 Ginkgo biloba  Anti asthmatic, anti diabetic and 

cardio protective  

Improved efficacy 45 

5 Ginsenosides Immuno modulator and 

neutraceutical  

Absorption enhancement  46 

6 Hawthorn Cardio protective and anti 

hypertensive 

Improved efficacy and 

absorption 

46 

7 Marsupium Anti viral Bioavailability enhancement  47 

8 Naringenin Anti cancer and anti inflammatory Prolong action and enhanced 

bioavailability  

48 

9 Oxymatrine Anti viral Bioavailability enhancement  49 

10 Procyanidins Cardio protective 

Anti oxidant 

Increased total radical 

trapping antioxidant 

parameter (TRAP) 

46 

 

Polysaccharides (chitosan, cellulose and its derivatives, dextran, alginate, etc.) and (b) Proteins (gelatin, albumin 

and several types of proteins from vegetative origin)
.
 

In case of nano spheres the drug release in controlled by two parameters namely, dissolution and diffusion. 

There release can show a burst release mechanism as well as surface erosion mechanism. Nano capsules 

contrary to nano spheres are reservoir type system in which the drug core is surrounded by a polymeric 

membrane. While SLNs are specifically designed to give programmed delivery of lipoidal drugs with in the 

body. Various methods are there for their preparation like solvent diffusion methods, warm micro emulsion 

formation method, sonication method, etc. Associated research in this field related to the herbal drugs is listed in 

(Table 2). Various advantages of nanoparticles include: 

a) Enhanced shelf life of product 

b) Possibility of tailoring surface characteristics 

c) Enhancement of solubility 

d) Minimization of adverse reaction associated with dose 

e) Targeting to specific locus in the body 

f) Hydrophilic as well as lipophilic both type of drugs can be incorporated
22

. 

 

PHYTOSOMES 
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They are bilayered system designed for the delivery of those drugs from which proper therapeutic outcomes can 

not be leached because of either of their high molecular weight or of their polar nature (e.g. flavonoids).  

 Phytosomes helps in overcoming these limitations in drug delivery so as to enhance the bioavailability of such 

chemical entity. They involve binding of drug molecules to phospholipids (phosphatidyl choline) in a 

stoichiometric ratio (1:1 or 1:2) so as form lipid complexes
40

. As they involve the bond formation they are more 

stable with respect to liposomes where there is only an entrapment of these constituents in the aqueous domain. 

They can entrap higher amount of drug, can over can the stability related issues, and enhances the cutaneous 

absorption. Use of phospholipids made them well suitable for use as phospholipids have natural origin. Like  

Table 4 Herbal Formulations Based on Microsphere Drug Delivery Systems 

Sr. no. Plant/ Constituent Biological activity Application of 

 Microsphere Technology 

Reference 

1 Camptothecin Anti cancer Dose reduction 54 

2 Ginsenosides Anti cancer Solubility and stability improvement 55 

3 Piper 

sarmentosumn 

Anti diabetic Easy for industrial scale up 55 

4 Quercetin Anti inflammatory 

and anti oxidant 

Permeation enhanced 56 

5 Rutin Anti oxidant Specific delivery to heart and brain 

vascular systems 

57 

6 Silymarin Treatment of Liver 

diseases 

Sustained release of medicament 

Improved patient compliance 

58 

Table 5 Herbal Formulations Based on Emulsion Systems 

Sr. 

no. 

Plant/ 

Constituents 

Biological activity Application of Emulsion 

Technology 

Reference 

1 Azadirachta 

indica 

Acaricidal, anti bacterial 

And anti fungal 

Reduction in associated adverse 

reactions 

62 

2 Berberine Anti cancer More residence time in the body 62 

3 Curcumin Anti cancer Improved absorption 63 

4 Docetaxel Anti cancer More residence time in the body 64 

5 Matrine Anti inflammatory and anti 

bacterial 

Sustained release of medicament 65 

6 Quercetin Anti oxidant  Permeability enhancement   66 

7 Rhubarb Luxative and cathartic Therapy improvement 66 

8 Zedoary turmeric 

oil 

Liver protective, anti cancer 

and anti Bacterial 

Dispersibility, stability and 

bioavailability enhancement 

67 
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Table 6 Herbal Formulations Based on Transferosomal Drug Delivery Systems 

Sr. 

no 

Plant/ 

Constituent 

Biological activity Application of 

 Transferosomal Technology  

Reference  

1 Colchicine Anti gout Reduction in associated GIT side 

effects 

69 

2 Curcumin Anti cancer and anti 

oxidant 

Permeation enhancement 70 

 

liposome generated both lipophilic as well as hydrophilic domains because of which they can entrap lipophilic 

as well as hydrophilic drugs
41

. Work have been done on various herbal drug for making their phytosomes to 

make the therapy more effective (Table 3) such as, oxymatrin, silybin, embelin, etc. 

 

MICROSPHERES  

They are spherical matrix based systems varying 1µ- 300µ in size, in which drug is uniformly dispersed in 

polymeric matrix. Various techniques that can be adopted in the synthesis of microspheres are single emulsion 

technique, double emulsion technique, Polymerization techniques (normal as well as interfacial), spray drying 

and spray congealing, phase separation coacervation method and solvent extraction technique
50,51

.  First ordered 

release kinetics is generally followed in such systems where the release rate limiting steps are diffusion and 

dissolution
52

. Firstly the outer dissolution media will diffuse the matrix make the entrapped drug to solublise in 

it and than the drug is released from the system this is one type of mechanism in other type the system 

constituting polymer show surface erosion behavior where the surface erode layer by layer and the release of 

drug occurs
50,53

. There main factors are there which influence the released amount as well as its rate. They are: 

a) Size- Smaller the size more will be the surface area, lesser will be the path length to diffuse or lesser layers 

required to erode for drug release. 

b) Type of matrix – It depends on way in which matrix show its release 

c) Polymer concentration- It is inversely proportional to the amount of drug released. 

Microspheres have various advantages which make them a suitable carrier for drug delivery. Noteworthy 

among them are: 

a) Their ingestability and injectability 

b)  Ability to give sustain release profile 

c) Specificity towards a particular locus with in the body (immuno microspheres)
50,52,53

 

All these things ultimately lead to minimization of side effects and improving the efficacy of the therapy. 

Zedoary turmeric oil, rutin, camptothecin, etc. are some examples of drugs give by microsphere drug delivery 

(Table 4). 

 

EMULSION BASED SYSTEMS   

Emulsion is a biphasic dispersion system in which both the dispersed phase and the dispersion medium are 

liquid the globules are stabilized in the dispersion media with the aid to surfactants which act on the interface 

between two phases and there by minimizing the interfacial energy so as to stabilize the system and to prevent  
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Table 7 Herbal Formulations Based On Ethosomal Drug Delivery Systems 

Sr. 

no. 

Plant/ Constituent Biological activity Application of Transferosomal 

Technology  

Reference 

1 Matrine Anti inflammatory, anti 

cancer, anti rheumatism and 

anti bacterial 

Permeation enhancement and 

improved efficacy 

72 

2 Sophora 

alopencerides  

Anti cancer, Anti endotoxic Permeation enhancement 73 

3 Triptolide Anti inflammatory Bioavailability enhancement 74 

 

coalescence
59,60 

. Surfactants can be cationic, anionic and non ionic. Only those surfactants are used in the 

preparation of consumable emulsions which are regarded as safe by FDA. Based on globule size emulsion 

system is further classified into 4 categories namely ordinary emulsion, micro emulsion, nano emulsion  and sub 

micro emulsion (lipid Emulsion)
60,61

. Globule size order is ordinary (0.1µ-100µ) > sub micron (100 nm- 600nm) 

> micro (10nm- 100 nm) 
60

. Emulsion based systems have various advantages which made them a suitable 

carrier system for herbal drug delivery (Table 5) ranging from specific locus targeting to sustained release, 

enhanced macrophagial uptake to minimization of stability issues , increased permeability of herbal constituents 

etc. 

 

TRANSFEROSOMES AND ETHOSOMES 

Transferosomes and Ethosomes are phospholipid vesicles intended to administer the drug via transdermal route. 

Both have a common rationale of enhancing the penetration through stratum corneum barrier but the mode of 

action is different
70

. Transferosomes do so by utilizing the hydration and osmotic pressure of the skin while in 

case ethosomes they have high content of ethanol (20- 45%). Ethanol being a chemical permeation enhancer 

disrupts the membrane barrier and there by enhance the solubility. Moreover, it makes the vesicle flexible 

without altering the stability component associated. Transferosomes are used to deliver the herbal constituents in 

the upper layers of skin while for deeper layer and systemic delivery ethosomes are the better alternative. 

Usually they are give in the form of cream or gel, being non invasive they have better patient compliance
68, 71

. 

There are enormous examples where efficacy of herbal constituent mediated treatment is increased by adopting 

these delivery systems (Table 6 and 7). E.g. colchicine, curcumin, matrine, triptolide, etc. 

OTHER NOVEL DRUG DELIVERY SYSTEMS 

They include transdermal drug delivery with the aid of patches, implant based drug delivery and micro pellets. 

Reports show that they can also be a good means of drug delivery of herbal constituents to improve the efficacy 

of the therapy. Transdermal drug delivery system is a non invasive means of drug delivery which can be of 

either monolithic type or reservoir type. They are supposed to release drug at a predetermined rate over the site 

of application. Among their advantages note worthy are their ability to control the release, possibility of 

withdrawal of therapy if required, ease of use and ability to prolong the duration of action
75

. They can even 

incorporate the vesicular system with in them. For example, delivery of a synergistic combination of boswellic 
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acid (Boswellia serrata) and curcumin (Curcuma longa) has been prepared and evaluated and these systems 

were found to enhance there anti- inflammatory effects
76

. Implants are biodegradable units meant to be placed  

 

under the skin layers with the aid of micro surgery, where they are supposed to give the sustained action. For 

example, implant of Danshen (Radix Slviae Miltiorrhizae) by utilizing gelatin and chitosan as a matrix 

polymers. Micro pellets are another type of matrix system having a size range of 1µ-1000µ. They can reduce the 

repeated dosage administration, orient the delivery to specific site, can over come the problem of delivery of two  

incompatible materials simultaneously and can also be exploit for the purpose of taste masking
77

. Herbal 

micropellatization technologies are listed in (Table 8). 

 

MARKETED HERBAL NOVEL DRUG DELIVERY FORMULATIONS 

Two companies dominate the market for these systems viz. Cosmetochem and Indena. For herbal drug delivery 

Cosmetochem launches Herbasec
®
 technology in marketed which are actually liposomal preparations of various 

herbal constituents like extracts of White tea, Green tea, white hibiscus, Gurana and Aloe vera. These extracts 

are used in cosmetics because of their anti oxidant effects for prevention of aging. Indena patented the 

technology of phytosomes
® 

and launches many products in market under this having diverse therapeutic 

benefits. Indena commercializes the plant constituents/ extracts of liquorice (18ß-glycyrrhetinic acid), Ammi 

visnaga (visnadin), Centella asiatica (triterpenes), Ginkgo biloba (ginkgoflavonglucosides, ginkgolides, 

bilobalide), Hawthorn flower (vitexin-2″-O-rhamnoside), milk thistle (silymarin and Silybin), horse chestnut 

(escin ß-sitosterol), Terminalia sericea (sericoside), Panax ginseng (ginsenosides), grape seed (polyphenols), 

Green tea (polyphenols), etc
80,81

. 

 

FUTURE ASPECTS  

Many other novel drug delivery systems can be utilized to enhance the efficacy of herbal medicines
80

. 

Sublingual dissolving tablets can be used for the administration of phytoconstituents for quick onset of action, 

since sublingual mucosa is rich in blood supply, drug directly bypass the first past metabolism which is the main 

problem associated with the herbal drugs. Mucoadhesive drug delivery system can also be utilized to enhance 

the efficacy of the therapy, reason is that whether the drug delivery is in the form of unit dosage form or 

multiparticulate system it makes the dosage form to locate itself around the absorption window of the drug 

molecule which may lead to the enhancement of bioavailability
82

. Floating drug delivery yet another approach 

which can be used in the case of the drugs having absorption in the upper GI tract. Its utilization is limited since 

most of the herbal drugs are unstable at gastric pH
57,81

. Niosomes can also be used to deliver the herbal drugs
82

. 

Table 8 Herbal Formulations Based on Micropellatization Drug Delivery Systems 

Sr. 

no. 

Plant/ Constituents Biological Activity Application of Micropellatization 

Technology  

Reference 

1 Andrographolides  Rheumatoid arthritis 

treatment 

Improved stability in GIT and 

reduction in GIT irritation 

78 

2 Curcumin Anti inflammatory Sustained Release and targeting to 

specific locus 

79 
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They are cheaper than liposomes, due to the use of non ionic surfactants the associated toxicity of the carrier 

system is less with respect to ionic surfactants. They don’t have issues related to oxidation, etc. as associated 

with liposomes because liposome contains lipids which contain double bounds in their structure. They are prone 

to free radical chain mediated oxidation reactions. Above mentioned examples are the few among various other 

types of NDDS which are still pending to be utilized for the delivery of herbal molecules. Targeting is another 

domain can be utilized to increase the therapeutic efficacy of the delivery system
83

. 

 

REFERENCES  

1. Alexis F, Basto P, Levy NE, Radovic MAF, Zhang LF, Pridgen E, et al. HER-2-Targeted Nanoparticle 

Antiibody Bioconjugates for Cancer Therapy. Chem Med Chem 2008; 3: 1839–43. 

2. Atmakuri LR, Dathi S. Current trends in herbal medicines. J Pharm Res 2010; 3: 109-113. 

3. Chanchal D, Swarnlata S. Novel approaches in herbal cosmetics. J Cosmet Dermatol 2008; 7: 89–95. 

4. Terreno E, Delli CD, Cabella C, Dastru W, Sanino A, Stancanello J, et al. Paramagnetic liposomes as 

innovative contrast agents for magnetic resonance (MR) molecular imaging applications. Chem Biodivers 

2008; 5: 1901-12.  

5. He ZF, Liu DY, Zeng S, Ye JT. Study on preparation of ampelopsin liposomes. J Chine Mat Med 2008; 33: 

27–30. 

6. Wen Z, Liu B, Zheng Z, You X, Pu Y, Li Q. Preparation of Liposomes entrapping essential oil from 

Atractylodes macrocephala Koidz by modified RESS technique. Chem Eng Res Design 2010; 88: 1102-07. 

7. Saraf AS. Applications of novel drug delivery system for herbal formulations. Fitoterapia 2010; 81: 680-89. 

8. Hong W, Chen DW, Zhao XL, Qiao MX, Hu HY. Preparation and study in vitro of long-circulating 

nanoliposomes of curcumin. Zhongguo Zhong Yao Za Zhi 2008; 33: 889-92. 

9. Li DC , Zhong XK, Zeng ZP, Jiang JG, Li L, Zhao MM, et al. Application of targeted drug delivery system 

in Chinese medicine. J Control Release 2009; 138: 103-112. 

10. Chen C. Inhibiting the vascular smooth muscle cells proliferation by EPC and DPPC liposome encapsulated 

magnalol. J Chin Inst Chem Eng 2008; 39: 407-11. 

11. Gortzi O, Lalas S, Chinou L.  Re evaluation of bioactivity and antioxidant activity of myrtus communis 

extract before and after encapsulation in liposome. Eur Food Res Technol 2008; 226: 583-90. 

12. Chen J, Chen Z,Wang W. Ammonium sulphate gradient loading of brucine into liposome: effect of 

phospholipid concentration on entrapment efficiency and physicochemical properties in vitro. Drug Dev Ind 

Pharm 2010; 36: 245-53. 

13. Rane S, Prabhakar B. Formulation and Evaluation of pH-Sensitive, Long circulating Liposomes for 

Paclitaxel Delivery. Int J Pharm Technol Res 2009; 1: 914–17. 

14. Rong G, Juqun X. Studies on molecular interaction between puerarin and PC liposomes. Chinese Sci Bull 

2007; 52: 2612-17. 

15. Priprem A, Watanatorn J, Sutthiparinyanont S, Phachonpai W, Muchimapura S. Anxiety and cognitive 

effects of Quercetin liposomes in rats. Nanomedicine  2008; 4: 70-78. 

16. Juqun X, Rong G. Interactions between flavonoids and hemoglobin in lecithin liposomes. Int J Biol 

Macromol 2007; 40: 305–11. 



Shyam Baboo Prasad et.al. / Herbal Drug Delivery… 

 

IJCPR, August- October 2013; 4(3); 88-101 

P
ag

e
9

8
 

17. Li HR, Li SF, Dua HQ. Preparation of liposomes containing extracts of Tripterygium wilfordii and 

evaluation of its stability. Zhongguo Zhong Yao Za Zhi 2007; 32: 2128-31. 

18. Lira MCB, Ferraz MS, da Silva DGVC, Cortes ME, Teixeira KI, Caetano NP et al. Inclusion complex of 

usnic acid with β-cyclodextrin: characterization and nanoencapsulation into liposomes.  J Incl Phenom 

Macrocycl Chem 2009; 64: 215–24. 

19. Ke X, Xu Y, Yan F, Ping QN. The liposomes of wogonin & rats in vivo pharmacokinetics. J China Pharm 

Univ 2007; 38: 502–06. 

20. Gupta VK, Karar PK, Ramesh S, Misra SP, Gupta A. Nanoparticle formulation for hydrophilic and 

hydrophobic drugs. Int J Res Pharm Sci 2010; 1: 163-69.  

21. Youfang C, Xianfu L, Hyunjin P, Richard G. Study of artemisinin nanocapsules as anticancer drug delivery 

systems. Nanomed Nanotechnol Biol Med 2009; 5: 316–22. 

22. Chang CH, Huang WY, Lai CH, Hsu YM, Yao YH, Chen TY, et al. Development of novel Nanoparticles 

shelled with heparin for Berberine delivery to treat Helicobacter pylori. Acta Biomater 2011; 7: 593-603. 

23. Liu M, Li H, Luo G, Liu Q,Wang Y. Pharmacokinetics and biodistribution of surface modification 

polymeric Nanoparticles. Arch Pharm Res 2008; 31: 547–54. 

24. Min KH, Park K, Kim YS, Bae SM, Lee S, Jo HG, et al. Hydrophobically modified glycol chitosan 

nanoparticles-encapsulated camptothecin enhance the drug stability and tumor targeting in cancer therapy. J 

Control Release 2008; 127: 208–18. 

25. Bisht S, Feldmann G,  Soni S,  Ravi R,  Karikar C, Maitra A. Polymeric nanoparticle encapsulated 

curcumin: a novel strategy for human cancer therapy. J Nanobiotech 2007; 5: 3. 

26. Yen FL, Wu TH, Lin LT, Cham TM, Lin CC. Nanoparticles formulation of Cuscuta chinensis prevents 

acetaminophen induced hepatotoxicity in rats. Food Chem Toxicol 2008; 46: 1771-77. 

27. Leonard K, Ahmmad B, Okamura H, Kurawaki J. In situ green synthesis of biocompatible ginseng capped 

gold Nanoparticles with remarkable stability. Colloids Surf B Biointerfaces 2010; 80: 213-18. 

28. Hou J, Zhou SW. Formulation and preparation of glycyrrhizic acid solid lipid Nanoparticles. ACTA 

Academiae medicinae militaris tertiae 2008; 30: 1043–45. 

29. Wang F, Zhou L, Gu F. Characterization of anticancer hypocrellin A encapsulated with silica nanoparticles. 

J Therm Anal Calorim 2010; 80: 213-18. 

30. Trickler WJ, Nagvekar AA, Dash AK. A novel nanoparticle formulation for sustained Paclitaxel delivery. 

AAPS Pharm Sci Tech 2008; 9: 486-93. 

31. Dong Xiaowei, Mattingly Cynthia A, Tseng Michael T, Cho Moo J, Liu Y, Adams Val R et al. Doxorubicin 

and Paclitaxel-loaded lipid-Based Nanoparticles overcome Multidrug Resistance by inhibiting P-

Glycoprotein and Depleting ATP. Cancer Res 2009; 69: 3918-26. 

32. Tzu HW, Feng LY, Liang TL, Tong RT, Chun CL, Thau MC. Preparation, Physicochemical 

characterization and antioxidant effects of quercetin Nanoparticles.  Int J Pharm 2008; 346: 160-68. 

33. Fu ZY, Zhang JY, Wang WM, Wang H. Microencapsulation of radix saliva miltiorrhiza nanoparticles by 

spray drying. Powder Technol 2008; 184: 114-21. 

34. Hu T, Jiang JG. Application of Nanotechnology in Traditional Chinese Medicine. Current Nanoscience 

2012; 8: 474-84. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Min%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ncbi.nlm.nih.gov/pubmed?term=Bae%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ncbi.nlm.nih.gov/pubmed?term=Jo%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=18336946
http://www.ingentaconnect.com/content/ben/cnano


Shyam Baboo Prasad et.al. / Herbal Drug Delivery… 

 

IJCPR, August- October 2013; 4(3); 88-101 

P
ag

e
9

9
 

35. Zhang J, Jasti B, Li X. Formulation and Characterization of silibinin-loaded sterically Stabilized Solid Lipid 

Nanoparticles. Drug delivery 2007; 15: 381-87. 

36. Xiaoyan A, Jun Y, Min W, Haiyue Z, Li C, Kangde Y, et al. Preparation of chitosan-gelatin scaffold 

containing tetrandrine loaded nano aggregates and its controlled release behavior. Int J Pharm 2008; 350: 

257–64. 

37. Lertsutthiwong P, Noomun K, Jongamonngamsang N, Rojsitthisak P. Preparation of alginate capsules 

containing turmeric oil. Carbohydr Polym 2008; 74: 209-214. 

38. Chauhan NS, Rajan G, Gopalakrishna B. A potential phytophospholipid carrier for herbal drug delivery. J 

Pharm Res 2009; 2: 1267-70. 

39. Verma H & Prasad SB.   Phytosome: Phytolipid delivery 

system.   http://www.inventi.in/Article/pndds/256/11.aspx. (accessed on 29.07.2013) 

40. Maiti K, Mukherjee K, Gantait A, Saha BP & Mukherjee PK. Curcumin-phospholipid complex: 

Preparation, therapeutic evaluation and pharmacokinetic study in rats.  Int J Pharm 2007; 330: 155–63. 

41. Pathan R, Bhandari U. Preparation and characterization of embelin- phospholipid complex as effective drug 

delivery tool. J Incl Phenom Macrocycl Chem 2011; 9: 139- 47. 

42. Bhattacharya S. Phytosomes: Emerging Strategy in Delivery of Herbal   Drugs and Nutraceuticals. Pharma 

Times 2009; 41: 9–12. 

43. Naik SR, Panda VS. Hepatoprotective effect of Ginkgo select Phytosome in rifampicin induced liver injury 

in rats: evidence of antioxidant activity. Fitoterapia 2008; 79: 439-45. 

44. Semalty A, Semalty M, Singh D. Supramolecular phospholipid polyphenolics interaction: The phytosome 

strategy to improve the bioavailability of phytochemicals. J Incl Phenom Macrocycl Chem 2010; 67: 253-

60.  

45. Sikarwar MS, Sharma S, Jain AK, Parial SD. Preparation, characterization and evaluation   of Marsupsin 

phospholipid complex. AAPS Pharma Sci Tech 2008; 9: 129-37. 

46. Yue PF, Yuan HL, Li XY, Yang M, Zhu WF. Process optimization, characterization and evaluation in vivo 

of Oxymatrine-phospholipid complex. Int J Pharm 2010; 387: 139-46. 

47. Brahmankar DM, Jaiswal SB. Biopharmaceutics and Pharmacokinetics -A Treatise. 2nd ed. New Delhi: 

Vallabh Prakashan; 1998. 

48. Das MK, Senapati PC. Furosemide loaded alginate microspheres prepared by ionic cross linking technique: 

Morphology and release characteristics. Indian J Pharm Sci 2008; 70: 77-84. 

49. Kanan K, Karar PK, Manavalan R. Formulation and evaluation of sustained release microspheres of 

acetazolamide by solvent evaporation technique. J Pharm Sci Res 2009; 1: 36-39. 

50. Scarfato P, Avallone E, Iannelli P, Aquino RP. Qucertin microsphere by solvent evaporation : prepration 

characterization and release behavior. J Appl Polymer Sci 2008; 109: 2994-3001. 

51. Chao P, Deshmukh M, Kutscher HL, Gao D, Rajan SS, Hu P, et al. Pulmonary targeting microparticulate 

campothecin delivery system: anticancer evaluation in a rat orthotopic lung cancer model. Anticancer Drugs 

2010; 21: 65-76. 

52. Cheng B, Di Z, Xia C, Dan J. Prepration and characterization of biodegradable polylactide microspheres 

encapsulating Ginsenoside Rg3. Chem Res Chinese Univ 2008; 109: 2994-3001. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Xiaoyan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17945449
http://www.ncbi.nlm.nih.gov/pubmed?term=Jun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17945449
http://www.ncbi.nlm.nih.gov/pubmed?term=Min%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17945449
http://www.ncbi.nlm.nih.gov/pubmed?term=Haiyue%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17945449
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17945449
http://www.ncbi.nlm.nih.gov/pubmed?term=Kangde%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17945449


Shyam Baboo Prasad et.al. / Herbal Drug Delivery… 

 

IJCPR, August- October 2013; 4(3); 88-101 

P
ag

e
1

0
0

 

53. Chan ES, Yim ZH, Phan SH, Mansa RF, Ravindra P. Encapsulation of herbal aqueous extract through 

absorption with calcium alginate hydrogel beads. Food and Bioproducts Processing 2010; 88: 195-201. 

54. Natrajan V, Madhan B, Sehgal P. Formulation and evaluation of qucertin polycaprolactone microsphere for 

the treatment of Rheumatoid arthritis. J Pharma Sophora alopecuroides sci 2010; 100: 195-205. 

55. Xiao L, Zhang YH, Xu JC, Jin XH. Preparation of floating rutin-alginate-chitosan microcapsule. Chin Trad 

Herb Drugs 2008; 2: 209-12. 

56. Garg R, Gupta GD. Gastro retentive floating microspheres of Silymarin: Preparation and in vitro 

evaluation. Trop J Pharm Res 2010; 9: 59-66. 

57. Lieberman HA, Rieger MM, Banker GS. Pharmaceutical Dosage Forms: Disperse systems. New York: 

Marcel Dekker Inc; 1998. 

58. Lachman L, Lieberman HA, Kanig JL. The Theory and Practice of Industrial Pharmacy. Philadelphia: Lea 

& Febiger; 1996. 

59. Lindenstorm T, Andersen P, Marie AE. Determining adjuvant activity on T-Cell Function in Vivo: The 

Cells. In: Gwyn L, Davis P, editors. Vaccines Adjuvant Methods and Protocols. 1st ed. New Jersey: 

Humana Press; 2010. 

60. Sun HW, Ouyang WQ. The preparation of neem oil microemulsion (Azadirachta indica) and the 

comparison of acaricidal time between neem oil microemulsion and other formulation in vitro. J Shanghai 

Jiao Tong Univ (Agric Sci ) 2007; 1: 60-65. 

61. Cui J, Yu B, Zhao Yu, Zhu W, Li H, Lou H et al. Enhancement of oral absorption of curcumin by self 

microemulsifying drug delivery systems. Int J Pharm 2009; 371: 148-55. 

62. Li L, Wang DK, Li LS, Jia J, Chang D, Ai L. preparation of docetaxel submicron emulsion formation for 

intravenous administration. J Shenyang Pharm Univ 2007; 12: 736–39. 

63. Cao F.H, Ouyang WQ, Wang YP, Dong H.B.  Study of preparation of matrin nanoemulsion and its 

antioxidation on mice. J  Nortwest A & F University 2007; 3: 61-64. 

64. Vicentini FT, Simi TR, Del Ciampo JO, Wolga NO, Pitol DL, Iyomasa MM, et al. Quercetin in w/o 

microemulsion: in vitro and in vivo skin penetration and efficacy against UVB- induced skin damages 

evaluated in vivo. Eur J Pharm Biopharm 2008; 69: 948-57. 

65. Zhaoa Y, Wanga C, Albert HL, Chowb KR, Gongc T, Zhangc Z et al. Self-nanoemulsifying drug delivery 

system (SNEDDS) for oral delivery of Zedoary essential oil: formulation and bioavailability studies. Int J 

Pharm 2010; 383: 170–77. 

66. Pandey S, Goyani M, Devmurari V, Fakir J. Transferosomes: A Novel approach for transdermal drug 

delivery. Der Pharmacia Lettre 2009; 1: 143-50. 

67. Singh HP, Utreja P, Tiwari AK, Jain S. Elastic Liposomal formulation for sustained Delivery of colchicine: 

In vitro Characterization and in vivo evaluation of Anti-Gout Activity. AAPS Pharma Sci Tech 2009; 11: 

54 -64. 

68. Patel R, Singh SK, Singh S, Sheth NR, Gendle R. Development and characterization of curcumin loaded 

transferosomes for transdermal delivery. J Pharm Sci 2009; 1: 71-80. 

69. Gangwar S, Singh S, Garg G. Ethosomes: A novel tool for drug delivery through skin.  J Pharm Res 2010; 

3: 688-91. 



Shyam Baboo Prasad et.al. / Herbal Drug Delivery… 

 

IJCPR, August- October 2013; 4(3); 88-101 

P
ag

e
1

0
1

 

70. Zhaowu Z, Xiaoli W, Yangde Z, Nianfeng L. Prepration of matrine ethosome, its percutaneous permeation 

in vitro and anti inflammatory activity in vivo in rats. J Liposome Res 2009; 19: 155-62. 

71. Yan Z, Yuhui W, Huanxiang L, Guoqiang  Z, Xinan W. Preparation and In vitro Evaluation of Ethosomal 

Total Alkaloids of Sophora alopecuroides loaded by Transmembrane pH-Gradient Method.  AAPS Pharma 

Sci Tech 2010; 1: 1-9.  

72. Guang CJ, Yu LF, Wen GT. Preparation and anti inflammatory activity of Triptolide ethosomes in an 

erythema model. J  Liposome Res 2010; 20: 297 - 303. 

73. Aggarwal G, Dhawan S. Development, fabrication and evaluation of transdermal drug delivery system – a 

review. http://www.pharmainfo.net (accessed on 19.07.2013). 

74. Verma M, Gupta PK, Pokharkar VB, Purohit AP. Development of transdermal drug dosage formulation for 

the anti rheumatic ayurvedic medicinal plants. http://www.ayurvedam.com/pdf/deverhematic.pdf (accessed 

on 21.06.2013). 

75. Prabhakar L, Prushotaman M, Sriganesan P. Pharmaceutical Micropellets: an overview. 

http://www.pharmainfo.net (accessed on 13.07.2013). 

76. Shariff A, Manna PK, Paranjothy KLK, Manjula M.  Entrapment of Andrographolide in cross linked 

Alginate Pellets: I Formulation and evaluation of Associated release Kinetics. Pak J Pharm Sci 2007; 20: 1-

9. 

77. Kumar RS, Kumar M, Ganesh GNK. Formulation and evaluation of pectin hydroxyl propyl methylcellulose 

coated curcumin pellets for colon delivery. Asian J Pharm 2009; 3: 138-42. 

78. http://www.cosmetochem.com (accessed on 09.04.2013). 

79. http://www.phytosomes.info/public/bioavailability.asp (accessed on 09.04.2013). 

80.  Devi VK, Jain N, Valli KS. Importance of novel drug delivery systems in herbal medicines. Pharmacogn 

Rev 2010; 4: 27–31. 

81. Pinto JF. Site specific drug delivery systems within gastro intestinal tract: from the mouth to the colon. Int J 

Pharm 2010; 395: 44-52. 

82. Singh H. Formulation and evaluation of niosomes containing Punicalagin from Punica granatum for wound 

healing activity. Master’s in Pharmacy Thesis. Punjab: Lovely Professional University; 2011. 

83. Vyas SP & Khar RK. Targeted & Controlled Drug Delivery Novel Carrier Systems. 1st ed. New Delhi: 

CBS Publishers; 2002. 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Devi%2BVK%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Jain%2BN%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Valli%2BKS%5bauth%5d

