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Dr. Vivian

Lecture: 3
Factors affecting bioadhesion:

1- Spreading Coeff. Must be +ve
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2- 

T = time needed for the diffusion into mucous layer of depth = L

Db = diffusion Coeff. In cm2/sec.

The diffusion Coeff. Must be in the range (10-16 – 10-10 cm2/sec.) for good bioadhesion

3- Solubility of bioadhesive material in mucous

 The solubility of the material must not decrease in mucous

 As solubility ↑ the bioadhesion will increase

 The solubility depends on the affinity between the material and the mucous layer and their solubility parameters in each other

 If their solubility parameters are close to each other, they will dissolve in each other

4- Concentration of the bioadhesive polymer

 The conc. Of the polymer must be intermediate

 If the conc. is high so no chance for all chains to be contact with mucous

 If the conc. is small so weak bonding will be formed due to decrease in number of chains involved in the bond. i.e. number of polymers penetrating per unit volume of mucous will be small

5- Contact time

It must be moderate as increasing in contact time will increase swelling and hydration

For solid preparations the swelling time must be (5-15 min)

6- M.wt. of polymer:

Bond strength increases with increasing M.wt. till reach weight of 100,000

After 100,000 the weight increase will not affect and the molecular structure will be more important

Ex.:-

In straight chain polymer (polyoxyethylene) ↑ contact area so bond strength will be high

But in coiled or helical structure like (Dextran) bond strength will be small

7- Charge of polymer:

anionic polymer gives better bioadhesion than cationic and nonionic

Experimental methods to determine bioadhesive strength:

1- InVitro (Exvivo) method:

a- Wilhelmy plate method for surface tension determination

It was applied to develop an instrument for determination of bioadhesion bond or bioadhesion strength
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Apparatus:
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a) A glass plate is suspended from a microbalance

b) Artificial mucin or natural mucous is placed in thermostated beaker which is placed on a moving support

c) Plate is coated with dil. Solution of the bioadhesive material to be tested then placed on the surface of mucous

d) Leave for 7 minutes to allow the formation of the bioadhesive bond

· After the 7 min. the beaker is lowered slowly at a rate of 1mm/min, the plate is exposed to the air and the microforce is measured by the microbalance

· The microbalance will measure the microforce required to cause the detachment of the plate from the mucous surface
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From this simple drawing which explains the apparatus idea, we find that when the upward force equals the downward force (surface tension) detachment occurs
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Invitro methods involving invivo conditions

Channel flow method

It tends to simulate the real behavior of bioadhesive material on tissue (GIT)

Apparatus:
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· Thin channel of glass filled with mucin solution or mucin gel or natural mucous

· Channel is thermostated at 37oC and covered by a transparent lid cover which can be removed

· System is connected by a valve to a fluid source which may be viscoelastic liquid

· The channel is placed on an optical microscope provided with camera

· A single spherical polymer particle of known weight is placed on the surface of mucous using Pasteur pipette and the lid cover is closed

· The volumetric flow rate or superfacial velocity of the fluid is then adjusted to give the same conditions of invivo

· At last we measure by the camera the:

1) Distance traveled by particles

2) Time of detachment

3) Time of motion (rolling, sliding or jumping)

Examples of bioadhesive polymers:

We have mentioned before that ionic polymers are preferred than nonionic and that anionic better than cationic

Examples:

1- Carbopol (Carbomer) or carboxy vinyl polymer
It’s an anionic polymer

It’s formed of polyacrylic acid cross linked with allyl sucrose
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Monomer of acrylic acid

So the polymer is called carboxy vinyl polymer or polyethylene caboxylate

Carbopol has different grades:

· Carbopol 934P

· Carbopol 940P

P indicate purified
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No. beside indicates M.wt.

It has PKa= 4.5

So if

PH > 4.5: it’s ionized at any and adhesion will increase
PH < 4.5: it will not be ionized and adhesion will decrease

· So acidic PH will decrease dissolution of Carbopol

· For Gel formation, partial neutralization with an organic base as TEA occur so increasing PH will increase Gel formation

2- Poly(VME – CoMA)  Gantrez®

Polyvinyl methyl ether Co-maleic anhydride

It’s a copolymer (combination of 2 monomers) 

3- Polycarbofil (acrylic acid polymer)

It has no solubility at any solvent due to networking or cross linking

It’s a hydrophilic polymer

Its swelling depends on PH:

At acidic PH: ↓swelling & ↑ bioadhesion (H-bond)

At alkaline PH: ↑swelling (high swelling prop.)

4- PVP (polyvinyl pyrolidone)

It’s nonionic polymer.

5- Ficoll

Nonionic synthetic polymer of sucrose with M.wt. ranging from (70,000 to 400,000)

6- Cellulose (semi synthetic)

Cellulose itself is not bioadhesive material because it has no solubility in H2O or other organic solvents

Cellulose has a condensed structure as it’s composed of glucose units which make chains

There are very strong inter- and intra-molecular H-bonding between OH group of one glucose unit and OH of another unit (so no free OH and no solubility)

So to make cellulose polymer soluble, other derivatives must be used such as:

a) Methyl cellulose:

Methyl cellulose is soluble in cold water but it has abnormal behavior which is (upon heating at certain temp. the solution starts to form hard gel. and decrease solubility)

This phenomenon is called Thermogelling effect and the temp. at which gel. is formed (Thermogelling temp.) differs according to the grade of cellulose

Upon cooling, gel. dissolution occurs

SO

To overcome this effect we first make wetting with hot H2O to form gel. then add ice or very cold H2O this will form homogenous dispersion of methyl cellulose

N.B.

If we directly use cold water, rapid swelling will occur and some particles will be entrapped and not wetted

b) Carboxy methyl cellulose (CMC):

It’s an anionic polymer which can form sodium salt (easily soluble) and has no Thermogelling effect

It has PKa = 3

So if PH < 3 ….. Solubility will decrease

If PH > 3 ……Solubility will increase

7- Alginic acid

8- Pectin

9- Tragacanth

10- Arabic acid

11- Gelatin

12- Sea weeds

13- PEG (low swelling capacity)

Examples of bioadhesive drug delivery systems:

Such systems can be used in nasal cavity, baccal cavity, rectum, vagina,… where they act locally or systemically

Oral Cavity:

In oral cavity drug may be used for local effect or for systemic effect (as it has good absorption)

Advantages of oral cavity: 

1) Buccal cavity is lined with stratified squamous epithelium (non Keratinized) so has good absorption

2) Blood supply by the carotid artery and veins gives good blood supply for systemic absorption

3) Surface of mucosa is smooth and relatively immobile and easily accessible

4) Saliva is not enough to make washing (0.5-2 L daily)

5) Avoid 1st pass effect on drugs (so used for drugs which is protein in nature)
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