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Review Article

INTRODUCTION
Despite of tremendous advancement in drug delivery systems, oral route  
is the most preferred route of administration and hence tablets and capsules 
are the most preferred dosage forms. However, the drugs having aqueous 
solubility less than 0.1 mg/ml at 37°C pose a major problem for phar­
maceutical scientists. Now since nearly 40% of the drugs identified by  
the pharmaceutical industry are found to be poorly water soluble,1 it  
becomes a great challenge to formulate these drugs (e.g. NSAIDs, Anti­
biotics, Anti-cancer drugs, Antiretroviral drugs etc.) into oral dosage 
forms owing to their poor aqueous solubility and thus poor bioavailability.  
In addition, their bitter taste and associated gastric irritation make them 
less acceptable and thus lead to poor patient compliance especially in 
paedriatic patients. Therefore, the improvement of solubility and hence 
the bioavailability is the first and foremost target which can be achieved 
by modifying the crystallinity and non-polarity of such drugs.2 Some 
modern approaches which can be used are solid dispersions,3 microni­
zation,4 salt formation, modification of crystal habit,5,6 polymeric alte­
rations and inclusion complexes,7 spray drying,8 solvent evaporation 
method, high pressure homogenization and lyophilization technique.9 
The modification of the dissolution media in which drug is dissolved  
may also improve the dissolution rate. It can be achieved either by  
adjusting the pH or by adding co-solvents,10 complexing agents,11 solu­
bilizing agents12 and surfactants.13 To some extent, the above mentioned 
methods do take care of solubility and bioavailability related challenges, 
however, they don’t avoid some inevitable side effects like gastric irritation, 
abdominal pain, nausea and diarrhoea.
It has been disclosed in many published studies that milk offers a great 
solution to the above mentioned challenges without any noticeable side 
effect. Use of milk as a dispersion carrier in pharmaceutical formulations 
offers following benefits:
1. � Solubility of lipophilic drugs both in ionized as well as unionized 

forms, is higher in milk than their aqueous solubility.

2. � Due to its taste masking ability, milk can be a good carrier for bitter 
drugs especially in pediatric patients.

3. � Milk, due to its natural properties, is able to remediate the gastric side 
effects to a great extent.

4. � Milk is naturally occurring oil-in-water emulsion which is inexpensive 
and is available abundantly.

Classification of Milk
Based on the content of fat present, milk can be classified into 3 main  
categories namely full fat milk; semi skilled milk and skimmed milk. 
Other than fats, milk contains a rich content of protein and carbohydrate 
also. Composition of above classified categories of milk along with calories 
of energies it carries is given in Table 1.

Composition Based Mechanism of Milk
The composition of milk varies due to differences in relative rates of 
synthesis and secretion of the milk component by the mammary gland. 
The mammary epithelial cells secrete milk as fat globules whose average 
size is 3 µm in diameter but can vary from 1-18 µm. These fat globules 
are encapsulated by a lipid bilayer membrane which consists of proteins, 
phospholipids, lipoproteins, cerebrosides, nucleic acids, enzymes, trace 
elements and bound water. The fat globule in the aqueous environment 
of the milk serum is stabilized by the FGM (Fat Globule Membrane). 
The fat contained in the milk belong to the group of esters, which are 
composed of alcohol and acids.15

There are two different types of protein present in milk- casein and whey. 
Casein consists of 80% of total protein content and is further classified into 
five categories as alphas1, alphas2, beta, gamma and kappa caseins. Casein 
acts as highly effective surface active agent owing to presence of hydropho­
bic as well as hydrophilic regions in its amino acids.15 Whey proteins pres­
ent in milk such as β-lactoglobulin, α-lactoalbumin, bovine serum albu­
min and immunoglobulins have better solubility as compared to caseins.16
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Most of casein proteins present in skimmed milk exist in a colloidal  
particle state as the casein micelle. It has been observed that hydrophobic 
drug is entrapped by the casein micelles. Due to their surface active  
properties, there is an improvement in the solubility of the drug sub­
stance in gastric media when administered orally. These micelles have a 
porous structure which helps in the release of entrapped drug molecules 
from the inclusion complex into the dissolution media.17,18 In addition 
to casein micelle, casein submicelle model was also suggested according  
to which, there exist small aggregates of whole casein which contain  
10-100 casein molecules known as submicelles. Based upon the presence  
or absence of kappa casein, two different types of submicelles are assumed:  
with and without kappa casein. These submicelles are composed of a 
hydrophobic core and have a hydrophilic coating which is partly comprised  
of kappa-casein, polar moieties that exhibit surface activity.19,20

Some studies showing the utility of milk in overcoming solubility problems, 
gastric irritation and bitter taste of drugs are quoted here.
The solubility of lipophilic drug in powdered form is much higher in 
milk as compared its aqueous solubility.21 Use of skimmed milk is also  
preferred over polymers in case of poorly soluble or lipophilic drugs  
because of their own high viscosity.16 It also represses gastric irritation 
and hence no abdominal pain is noticed with the use of milk as a dispersion  
medium with NSAIDs.22 NSAIDs are advised to be administered with  
milk to reduce the side effects that appear with their use like gastric  
irritation which is due to COX inhibition.
In another study, a novel nipple shield delivery system (NSDS) for anti­
retroviral drug administration to infants during breast feeding was 
prepared.23 The API released directly into milk during breastfeeding. 
This study investigated the feasibility of using the NSDS to deliver the 
microbicide sodium dodecyl sulfate (SDS), with the goal of preventing 
mother-to-child transmission (MTCT) of HIV during breastfeeding in 
low-resource settings, in the absence of safer alternative for the infant 
but to breastfeed. This proof of concept study demonstrated that efficient  
drug delivery to breastfeeding infants was achievable using the NSDS.  

A number of other in-vitro and in-vivo studies with milk formulations  
of different active substance have shown their superiority in terms of  
dissolution and solubility.24

In 1987, Dial et al. studied antiulcer activity of pasteurized bovine milk 
and its lipid extract using 0.6N HCl, absolute ethanol and acidified bile 
acid as ulcerogenic agents in rats. Their ulcerogenic effects were signifi­
cantly pacified with prior administration of milk. The lipid content of 
milk such as prostaglandins and phospholipids were observed to have 
potent antiulcer activity. This activity of milk is due to its ability to main­
tain the hydrophobicity of the gastric lumen by maintaining the major 
phospholipids in their cationic form which promote their adsorption to 
the negatively charged mucosal surface. Protein content present in milk 
was observed to be responsible for stimulant action on acidic secretions  
and hence for the maintenance of an acidic environment within the gastric  
lumen. The phospholipid content of skim milk is about 40% that of 
whole milk and buttermilk is about 300% that of whole milk. This phos­
pholipid content in milk products was directly related to the protective 
efficacy. From this study, it was concluded that when 0.6 N HCl was used  
as a damaging agent in pylorus ligated rats, the protective active activity of 
milk was found to be due to its phospholipid content, rather than protein 
content.25

In 1995, Dial et al. studied the ability of dairy foods such as whole milk- 
3.5% fat, skimmed milk- 0% fat and cream- 35% fat, to prevent bleeding 
and stress induced gastric lesions in rats. From this study Dial concluded 
that cream owing to its high fat content provided the greatest protection 
whereas the non-fat milk provided lowest protection.26

Milk Based Formulations
The main aim of developing milk as a dispersing carrier is in-vivo solu­
bilization of sparingly soluble active ingredients and thus to enhance 
the bioavailability of ionized and unionized lipophilic drugs.1 So, the 
manufacturing of these formulations can be achieved by using three  
approaches:16

Table 1: Classification and composition of Milk based on fat content (per 100g)14

Sr. No. Milk Fats (g) Proteins (g) Carbohydrates (g) Energy (kcal)

1 Full fat milk

3.9
Saturated- 2.5

Monosaturated- 1.0
Polysaturated- 0.1

Trans fatty acids- 0.1

3.3 4.7 66

2 Semi skimmed 
milk

1.7
Saturated- 1.1

Monosaturated- 0.4
Polysaturated- trace
Trans fatty acids- 0.1

3.5 4.7 46

3 Skimmed milk

0-0.3
Saturated- 0.1

Manoasaturated- 0.1
Polysaturated- trace

Trans fatty acids- trace

3.5 4.8 34

Table 2: Manufacturing approaches for different drugs2

Sr. No. Approach Example

1 I Non-steroidal anti-inflammatory drugs (NSAIDs)

2 II Cyclosporine, Danazol

3 III Effervescent Aspirin tablets
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1. � Ionized acidic lipophilic drug solution is prepared in an alkaline buffer.
2. � Unionized lipophilic drug solution is prepared in water- ethanol  

mixtures.
3. � Solution of moderately water soluble drug from an effervescent tablet 

is prepared by using small volume of water (≈20 ml).
Then this dissolved drug is incorporated into a specific volume of milk 
which may be administered instantly or undergoes further processing 
before administration. This method of manufacturing is appropriate for 
several chemically as well as pharmacologically different drugs which  
include OTC (over the counter) and widely prescribed drugs like non-
steroidal anti-inflammatory drugs viz. Meloxicam, Tenoxicam, Nimesu­
lide, Mefanamic acid, Tolfenamic acid, Ketoprufen and Ibuprofen. Other  
such drugs include antiretroviral agents, several antibiotics and anti­
cancer agents.27,28

Table 3 briefly summarizes the milk based formulations, the tech­
niques used therein to formulate them and the results obtained with 
the formulations. 

Regulatory Aspects
Milk based formulations are considered as a novel, simple and physio­
logically friendly approach for the delivery of lipophilic drugs. The 
strong buffering capacity of milk makes the use of alkaline buffers of 
non-steroidal anti-inflammatory drugs possible in these formulations 
to accommodate the therapeutic doses of NSAIDs. For this reason, this 
approach can be considered universal for ionized as well as unionized 
lipophilic drugs.16

Milk has not been officially registered as an excipient from a regulatory  
aspect; but casein which is considered as a major protein present in 
the milk is included in the list of Generally Recognized as Safe (GRAS)  
substance.1 GRAS certifications and notices exhibit FDA’s confidence in 
the safety of the milk-derived ingredients.

GRAS submitted information in the following areas:40

•	 The identity and specifications for the concentrated milk proteins
•	 The manufacturing process for the concentrated milk proteins
•	 The intended use and an estimation of consumption of the concen­

trated milk

CONCLUSION
Milk is highly nutritious drink with rich content of nutritive elements 
and a wide range of biologically active peptides. Milk made formulations 
provide a simple, novel and patient friendly approach for the delivery of  
ionized as well unionized hydrophobic drugs. Incorporation of milk in 
the formulation results in solubilization of drugs with enhanced pharma­
cokinetic properties. Taste masking and gastro-protective properties also 
prove it a promising carrier for drugs. Further in-vitro studies are yet to  
be to be carried out to elucidate the colloidal stability of resulting emulsion, 
particle size and distribution of milk component. Also the use of lactose 
free milk for these formulations is still to be explored for patience with 
lactose intolerance. Finally these medicated milk formulations open a  
new hope of using milk as a natural dispersing agent and a broad spectrum 
drug carrier for a variety of drugs.
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Table 3: Various formulations containing skimmed milk as carrier

Sr. No. Drug substance Techniques Results

1 Atorvastatin16 Solid dispersion by lyophilization Solubility was enhanced by 33-fold as compared to pure drug with increased hypolipidemic 
effect

2 Ketoprofen29 Inclusion complex by freeze-drying Four times increase in solubility, improved dissolution, decreased gastrointestinal 
disturbances

3 Meloxicam30 Solid dispersions by Rota vacuum 
evaporation technique

Solubility of pure drug was increased by 3 times, reduced gastrointestinal irritation with 
improved pharmacological activity

4 Prednisolone31 Inclusion complex by lyophilization Improved solubility, in-vitro dissolution and hence bioavailability

5 Valsartan32 Solid dispersions Decreased crystallinity of the drug which increased its surface area thereby improved the 
dissolution rate

6 Indomethacin33 Using povidone of various grades Dissolution was higher with low viscosity grade of povidone as compared to higher grade

7 Cefpodoxime34 Solid dispersions
Enhanced solubility and dissolution, increased retention in upper GIT and protected the 

drug from enzymatic attack which resulted in improved bioavailability, reduced dose and less 
side effects

8 Lovastatin35 Solid dispersion by using Soluplus Soluplus enhanced the surface area of drug by making it amorphous and hence resulted in 
increased rate of dissolution

9 Ibuprofen36 Inclusion complex by lyophilization Solubility was found to be 20 times higher than plain drug, Witepsol W35 suppository base 
(rectal suppository) depicted the highest drug release

10 Ketoprofen and 
Ibuprofen37 Lyophilization Lyophilized milk was found to increase the solubility by dual effects i.e., mixed micelle and 

incubation of drug

11 Ibuprofen38 Lyophilized milk by using Chitosan 
as drug carrier Prepared Ibuprofen beads had extended drug release and decreased GIT irritation

12 Carvedilol39
Solid dispersion using rota 

evaporation and lyophilization 
methods

Improved solubility, dissolution rate and stability of poorly soluble drug
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