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Oral delivery of peptides and proteins: Problems and perspectives 

CG Wilson. Department of Pharmaceutical Sciences, Royal College, 

University of Strathclyde. 

1be synthesis of analogues of biologically active peptides using solid or solution 

phase protein synthesis or recombinant DNA technologies has awoken much 
interest in these drugs as therapeutic agents of the future. 1be major problem in 

realising the potential of these compounds is the difficulty in getting sufficient 
drug at the required site of action. The drugs often show remarkable specificity 

and potency when directly applied to the tissue but the problems of polarity, high 

molecular weight and enzymic degradation limit the oral bioavailability. The 

delivery by the parenteral route is problematic since this route requires requires 
more nursing care and dose preparation fuan for oral dosing. The search for 

mechanisms to increase the fraction of do.>e absorbed following oral delivery of 
peptides and proteins is therefore receiving more attention in phannaceutical 

laboratories around the world. 

Why peptides? 

The appreciation that physiological and pathophysiological processes are 

modulated by the release of peptide and proteins identified a clear therapeutic 
target. Banting and Best were able to reverse diabetes in the l 920's by 

subcutaneous bovine insulin and ever since this time, the advantage of a non­
injectable insulin has been obvious but not commercially realisable. This molecule 

represents a considerable challenge in drug delivery but the partial success wi\h 
the nasaJ/buccal delivery of smaller molecules such as DDAVP and oxytocin has 

continued to arouse interest. 

Why oral delivery? 

Although a wide variety of routes of administration and delivery systems exist, 

absorption of the therapeutic agent from the gastrointestinal tra~c is the most 
desirable approach. Oral delivery is non invasive, relatively free from 

complications arising from the need for sterile techniques that occur with 
parenteral formulations and is easily managed. thus increasing patient compliance. 

However, the oral route presents a large obstacle for peptide and protein drugs 
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due to the enzymatic and cellular barriers in the gastrointestinal tract . 

It is generally believed that the intestinal mucosa is impermeable to 
macromolecules such as peptides. This is true in terms of nuttition, but is clearly 

not the case inununologically . Ingested antigens, toxins, and antibodies may pass 
the mucosal barrier in quantities which may be important in the pathogenesis of 

local and systemic immunological disease states. 

The barriers to peptide absorption: 

1. Absorption 

The epithelial barrier may be breached through two mechanisms (Figure I) ; first 
the rranscellular movement through the lipid membrane by a diffusional or by an 

active transpon process. Diffusional processes require a partition from the 
external aqueous phase into the lipid bilayer of the cell membrane and thus 

lipophilicity and a concenttation or electrochemical gradient is prerequisite for 
solute movement. Active transport against a concenttation gradient occurs for 

amino-acids and some dipeptides but flux decreases markedly with increase in 
molecular weight 

Tue second mechanism is via the paracellular route, that is to say around the 

gaps between adjacent cells. The size of the paracellular junctions varies along 
the gastrointestinal tract; the cells being drawn together by by fusion of 

membranes at intracellular junctions or through microfilamentous connections 
between adjacent cells. Experiments with probe molecules shows that the calibre 

of these tight junctions is variable down the gastrointestinal tract and is relatively 
low in the stomach and large bowel and most leaky in the small intestine. 

Generally the apparent pore radius is 7 .5 - 8.0 A. in the jejunum. decreasing to 3-
3.5 A. in the jejunum and 2 to 2.5 A in the colon (1). Compounds with molecular 

sii.es greater than these dimens1•Jns will therefore be precluded from absorption 
by the route. 

Physicochemical considerations. 
Three physicochemical parameters which influence the absorption of peptides 
must be considered: charge, sii.e and lipophilicity . 
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Otarge 
The twenty standard amino acids which make up most peptides have at least an 
acidic and a basic group attnl>utable to their ionisable carboxylic acid and amino 
ends. Additionally. five of the twenty standard amino acids have charged :side 
chains. The pKa values of the -COOH groups lie in a small range around 2.2; 
above pH 3.5 these groups are almost entirely in their carboxylate fonns. 1be 

NH2 groups all have pKa values near 9 .4 and are almost entirely in the 

ammonium ion form below pH 8.0. The basic amino acids lysine, arginine, and 

histidine are all positively charged at physiologic pH, while aspartic and glutamic 
acid are negatively charged above pH 3. In the physiological pH range, both the 

carboxylic acid and the amino groups of peptides and amino acids are completely 
ionised resulthg in a zwitterionic molecule. Therefore, peptides and proteins will 

tend to be more hydrophilic than many other biologically active molecules. This 
feature would most likely preclude absorption of peptides and proteins by 

transcellular diffusion unless the charges were neutralised through ion pairing. 
Another factor is the negative charge at physiological pH associated with 

intracellular gaps which will tend to attract positively charged or neutral 
compounds and favour the paracellular absorption relative to anionically-charged 
compounds. 

Size 
The potential therapeutic agents in this class tend to be very large with molecular 
weights of 700 - 30,000 daltons. The extent of absorption tends to be very low 
above a molecular weight above 1,000 daltons, since aqueous channels will 
exclude high molecular weight compounds from entry. 

Ljpophiticity 
The lipophilicity of peptides and proteins is generally very low, with most 

compounds having a partition coefficient between 0.02 and 0.08. The ability to 
traverse the transcellular pathway is therefore extremely limited. 

2. Degradation 
Perhaps even more important than the penneability barrier in limiting the 
absorption of intact peptides and proteins from the gastrointestinal tract is the 
enzymatic barrier. This barrier is weJJ designed to digest proteins to a number of 
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amino acids and small quantities of peptides consisting ot two to six amino acid 
residues prior to their appeardllce in the portal circulation. Hydrolysis of peptides 

and proteins occurs at three sites: in the lumen, at the brush border, and 
intracellu1arly. 

Proteases in the brush border and the cytosol of t..lte enterocyte are potentially the 

most important detenent to the absorption of small, biologically active peptides 
across the intestinal mucosa. Typically, proteases are anchored in the apical 

membrane with the active site in an extracellular environment. In addition to the 
membrane-bound proteases, luminal proteases including trypsin, chymottypsin, 

and other pancreatic proteases may be adsorbed onto the brush border of the 
enterocyte thereby assisting in proteolysis of oligopeptides and proteins. Brush 

border proteases as a group tend to cleave tripeptides and tetrapeptides although 
they are also capable of readily hydrolysing peptides in the range of two to ten 

amino acid units. Specifically, about 60% of the cellular proteolytic activity 
against tripeptides and 90% of the activity against tetrapeptides can be found in 

the brush border. In contrast, the general cytosolic proteases attack smaller di­
and tripeptides ~ith very little activity against tetrapeptides. The most active 

area proteolytically is the ileum, which is due to the high activity of brush border 
aminopeptidase N and diaminopeptidase 

Circumventing the barriers 
a). Modify the Backbone 
Modifications to the amino acid backbone have been extensively used for 

example cycliz.ation, a1kylation of specific amino acid residues, and amide bond 
surrogates. For example, substitution ofD-Ala for L-Gly in the N-, tenninal 

amino acid in methionine enkephalin and the amidation of its C-tenninal 
methionine produces a more stable analogue which has a half-life of hydrolysis 

that is 15 times that of methionine enkephalin. Modification of the amino acid in 

the primary structure of the peptide may also improve its lipophilicity. This may 
be useful in minimising contact of the peptide with the proteolytic enzymes at the 

site of absorption, since diffusion across the absorptive membrane will be 
facilitated. The compound 1-deamino-8-D-arginine vasopressin, DDAVP, 

permeates the intestinal wall of the rat 35 times better than the aminated 
vasopressin (2). Substitutions with unnatural amino acids such as Oic (3aS,7aS-

5 



octahydroindol-2- yl-carbonyl), Tic (l,2J,4-tettahydroisoquinolin-3-yl<arbo- nyl), 
and Thi (3-2-thienylalanyl) have been used to improve the stability and receptor 
binding of peptides and proteins.enzymes at the site of absorption, since diffusion 
across the absorptive membrane will be facilitated (3 ). 

(b) Administer Protease Inhibitor 

Coadministration of protease inhibitors has been used as a method of increasing 
the absorption of peptides and proteins. As early as 1959, investigators were 

looking into the effects of proteolytic inlubitors on its intestinal absorption. 
Danforth and Moore ( 4 ), using ligated sections of nonnal and depancreatised rat 
jejunum, measured the extent of the absorption of insulin both with and without 
protease inhibitors. They found that when insulin was introduced into the intestine 
along with diisopropyl-fluorophosphate (a serine protease inhibitor), there was a 
marked and consistent blood glucose depression whereas insulin alone (up to 800 
USP units/kg) had no effect when administered via the intestinal lumen. 

Saffran et al. (5) looked at the effects of aprotinin, a potent inhibitor of trypsin, on 
the absorption of the peptide honnones lysine, vasopressin (L VP) and (1-deamino, 
4-valine)-8-D-arginine-vasopressin (DDAVP) after inttagastric administration. The 
results showed that inclusion of the protease inhibitor enhanced the oral activity 
of both vasopressin and the synthetic analogue, increasing both the intensity and 
duration of effect. 

(c) The use of absorption enhancers 

Cenain chemicals and drugs can increase (and decrease) mucosal permeability. 
Drugs such as oxyphenisatin, dihydroxy bile salts, ricinoleic acid and long- chain 
fatty acids have all been shown to increase the penneability of the colon and the 
use of long-chain fatty acids to increase the absorption of cefmetazole has been 
studied recently (6). Penetration enhancers are of four major types: chelators 
such as EDTA, citric acid, salicylates, N-acyl derivatives of collagen, and 
enamines; surfactants such as sodium lauryl sulphate, polyoxyethylene-9-lauryl 
ether, and polyoxyethylene-20-cetyl ether; bile salts such as sodium 
deoxycholate; and fatty acids such as oleic acid and monoolein . Whether these 
agents act on the cell (transcellular route) or the junctions (paracellular route) is 
not clear. The incorporation of penneation enh3.ncers i..1to a dosage fonn may be 
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essential in the systemic delivery of macromolecules. 11iese chemicals would need 
to be co-released at the site of drug absorption. The risk involved, however, is 

increased absorption of potentially toxic or immunogenic substances from the 
GIT. The ideal absorption enhancer should be highly permi-selective. 

(d) Site specific delivery 

The colonic route of drug delivery can be used for systemic administration of 
drugs. Protecting peptide and protein drugs from hydrolysis in the duodenum 
and jejunum and subsequently releasing these agents in the ileum or colon may 
result in greater systemic bioavailability. There is also evidence to suggest that 

the proteolytic activity of the colonic mucosa may be much less than that 
observed in the small intestine 

It would be predicted that absorption of most drugs would be slower from the 
colon by comparison with that in the stll2ll intestine, since the colonic mucosa has 
a much reduced surface area being flat with fewer folds and the absence of villi. 
Furthermore, the lumen of the colon is wider, movement more sluggish and the 
volume of dissolution fluid available is low. However, transit through the colon is 

considerably slower than that through the small intestine and thus the mean 
residence time of a drug in the colon can compensate possibly leading to greater 

amounts of drug being absorbed than might be expected. 

Factors affecting residence in the colon are dependent on gastric filling and 
emptying, on rates of passage in the small intestine and on colonic metabolism 
(7 ,8). The !'ate can vary greatly from individual to individual and even in the same 
person (9). Transit can be relatively short (8-10 h) or as long as 78 h. The 

residence time in the various regions of the colon is a further factor which is 
expected to be important in influencing drug delivery. In most individuals the 

ascending colon is sufficiently liquid to allow diffusion of dissolved drug across 
the lumen to the epithelium, whereas further along the colon as more water and 
electrolytes are absorbed, the milieu becomes dryer, hindering diffusion (Figure 
2). Residence time in the colon has been calculated to be 31.9 ± 17 .8 h. for 
American males and 38.8 ± 18.5 h. for females ( 10) with 18-19% of the time 

.... s~~nt in the ascending colon giving a calculated transit time of between 5.8 and 7 
hours. 
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Scintigraphic studies conducted within our laboratories on the behaviour of 
sustained release dosage fonns have shown that the ascending and transverse 
limbs of the colon are important and under-rated sites of drug absorption (11,12. 
13). Scintigraphic data also suggests that to opti."llise the delivery of drugs to the 

proximal colon a multiparticulate preparation should be considered which remains 
intact for approximately 5 hours after administration to the fasted patienL This 

would allow time for gastric emptying and transit through the small intestiae. 
The drug preparation should then disperse allowing release of the material over 

the following 10 to 12 hours in the ascending and transverse colon. Residence 
times indicate a figure of 12.9±3.7 hours (range 9.7 - 23.2 hours) for the proximal 

colon and a further 12 hours for the descending colon (14). Additionally, the 

right colon exhibits an adaptation for capacitance (15) by comparison with the left 

colon where motility patterns are strongly propulsive (16). Extending the release 
profile over longer time periods would not give an added advantage, due to the 

progressively slower diffusion of drugs through consolidating lwninal contents 
and to the variability of excretion patterns. 

The use of enteric coating in formulations of drugs which are unstable in gastric 
acid or for preparations which cause nausea or irritation when they disintegrate in 
the stomach is well established. More recently, polymer coatings have found 

application in the construction of fonnulations whose delayed release presents the 
drug to the distal regions of the gut, rather than the upper small intestine. The 

application of such a principle, which minimises systemic absorption from the 

small intestine, is obvious in the treatment of diseases affecting the colon. The 

success of such therapy is dependent on two physiological principles; namely that 
the pH of the small intestine will be sufficiently high to ionise the carboxylic acid 

moieties of the polymer ( 17) and secondly that small intestinal transit is relatively 
unaffected by eating, nature of the diet and nonnal everyday activity to ensure 

that sufficient reproducibility in man. Numerous studies employing gamma 
scintigraphy have demonstrated that small intestine transit is generally a 

remarkably robust parameter in gastroenterology and influences of diet, daily 
habits, posture and even phannacologically active materials are confined to the 
stomach and the distal ileum and colon. Davis and others (18) have summarised 
the data on many investigations completed by the Nottingham group which have 
shown small intestinal transit to be around four hours with little variation due to 
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size of meal. Thus the use of a gastroresistant formulation with an appropriate 
thickness of polymer to deliver drug to the terminal ileum and colon appears to 
be a workable premise. 

Dew and co-workers had shown using X-contrast agents that positioned release 
could be achieved for capsules and tablets using Eudragit S polymer at a coating 
thickness of 120 µ.. (19). Using an alternative polymer system, our own group has 
demonstrated caecal release of capsule contents in nonnals treated to simulate a 
dianhoeal state similar to that noted in dianhoea predominant irritable bowel 
syndrome (20). 

Research on site specific delivery- new methodology 
A recent development involving neutron activation techniques, allowing 
controlled-release dosage forms to be radiolabelled under conditions where 
conventional methods with short-lived gamma-emitting radioisotopes are 
impractical, has significantly increased the potential for in vivo analysis of delivery 
systems under physiological conditions. Such techniques allow the incorporation 
of a stable isotope, such as barium-138, samarium-152 or erbium-170, into the 
formulation prior to manufacture in the same manner as any other excipient. 
Subsequent neutron activation of the intact dosage fonn thus permits the 
manufacture under industrial scale conditions at a time not determined by 
proposed study dates and without the risk of contamination to personnel and 
equipment. This teclmique also has the advantage that it is applicable for 
radiolabelling enteric coated capsules without compromising the integrity of the 

dosage fonn (21 ). 

A major problem with the utilisation of neutron activation is the high cost of the 
enriched erbium needed for tablet preparation. Recent studies in our laboratories 
(22,23) have investigated the possibility of using non-enriched substrates. 
Samarium contains a natural abundance of 26.7 % 1s2sm, and when irradiated 

produces 1 S3Sm, a gamma emitter with a half-life of 46.7 hours. Although peptide 
delivery systems has not yet been investigated, we have utilised a preparation 
consisting of samariwn oxide -loaded drug polymer microspheres (Eudragit RS/ 
sulphasalazine). Samples were irradiated for 90 minutes at a neutron flux of 
1012/n/cm2/s. Drug release profiles indicate a satisfactory labelling efficiency with 
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minimwn radiolysis of drug. This system was used to investigate models of 
bowel disease in man (24 ). 

Pulsatile systems based on a swelling hydrogel have been discussed earlier in the 

course by Professor Graham. This system has bc.'en commercialised (Scherer 
DDS Limi~ Clydebank, Scotland) and was recently used by Davis and 

colleagues to investigate the absorption of an angiotensin-converting enzyme 
infnbitor, captopril [ (l-(D-3-mercapto-2-methyl-l-oxopropyl)-L-proline (S,S­

isomer)] in 8 volunteers (25). The unit was loaded with 25 mg captopril and 5 
mg 11 tJn-labelled diethylenetriaminepentaacetic acid (I MBq) and sealed by 

me.ans of a hydrogel plug. In six subjects, the drug was delivered to the colon and 
in two subjects, the terminal ileum. Absorption was extremely variable and it 

appears that the drug is poorly absorbed in the distal gut, perhaps by metabolism 
by the gut flora. 

This study may reveal a final problem in the delivery of Grogs to the colon; the 

colonic microflora. The human alimentary canal is highly populated with bacteria 
and other microflora. The density is greatest in the colon/rectum but there is a 

surprising diversity of organisms in the buccal cavity. In the gastrointestinal tract 
between these two sites, the GIT is very sparsely populated with microorganisms. 

The gut bacteria are capable of catalysing a wide range of metabolic events. 
Many colon- specific drug delivery systems for conventional drugs rely on 

enzymes unique to gut microflora to release active agents in the colon. However, 
only two or three enzyme systems have been exploited in this area: azoreductases 

and glycosidases (including glucuronidase). A large nwnber of polysaccharides 
are actively hydrolysed by gut microflora leading to the possibility of using 

naturally occurring biopolymers as drug carriers. In addition, etheral sulphate 
prodrugs or carboxylated prodrugs may be metabolised in the ::olon to the parent 

drug leading to local delivery in the colon (26). Perhaps the utilisation of a 
delivery system based on a fennented prodrug approach will be the method of 

choice of the future, provided that the released peptide survives the bacterial 
endopeptidases. 
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THE DEVELOPMENT OF ADVANCE> PllARMACElTDCAL FQDfUIADOl!S 

REGUIATORY CQNSIDER,\DONS 

1!J Ro1Jert F Weir 

1. Jatrodlldioa pd History 

In the development of pharmaceutical production and marketing, government 

intrusion is a relatively modem phenomenon. 

The exception is the United States. In 1937Samucl Massengil distnbuted anelm.r 

of sulfanilanidc. Included in the formulation as a solvent was dicthylcne glycol. 

107 people died as a consequence, including many children. This prompted the 

passing of the 1938 Food Drug and Cosmetic Act which necessitated the approval 

of any new medicinal product by the FDA before marketing. 

Elsewhere in the world the trigger for government controls was the thalidomide 

tragedy. In 1957 the German company Chemic Grunenthal marketed thalidomide 

as Contergan in Germany. The product was licensed to various overseas 

corporations, such as Distillers in the UK and Homer and Merrel in Canada. One 

of the attractions of Contcrgan was its claim to be free from toxic effects. However, 

in 1959 the first reports of CNS interactions appeared and in 1960 phocolmenia 

(scaled limbs) was reported in Germany. Funher reports of tcratogcnicity (that 

is, causing congenital malformations in children) led to the withdrawal of the 

product from the German and British markets in 1961 and to a similar fate in 

Canada in 1962. 



Thalidomide was still awaiting approval in the United States at this time. The 

appointed assessor bad had concerns about repons of peripheral neuritis and for 

that reason had delayed approval of the prcx!uct. 

The thalidomide tragedy generated world-wide effects. Thus. in 1962 the Food 

Drug&. Cosmetic Act in the United States was strengthened. demanding (among 

other thifl '.;S) that any proposed clinical trial be approved through the submission 

of an Invcstigational New Drug Application (IND), that adverse events be notified 

to the FDA and that standards of Good Manufacturing Pra~icc (GMP) be 

implemented. 

In the United Kingdom in 1963 the Committee on Safety of Drugs (The Dunlop 

Committee) was formed. Submission of pre-marketing data to this body was 

voluntary, but the industry acted in a responsible way. Only in 1971, following 

the passing of the Medicines Act, did statutory controls come into force, 

necessitating a major review of the safety implications of a proposed new 

compound prior to marketing. 

Holland, Germany and other European countries introduced similar regulations 

for pre-marketing approval. Today every country exerts some measure of control. 

As this paper will illustrate, there are significant moves towards a harmonisation 

of standards on a world-wide basis. 

For completeness it should be stated that the United Kingdom had introduced 

controls for a limited range of products as early as 1925. The Therapeutic 

Substances Act was inspired by the problems of quality control connected with 

biological products, or products requiring biological testing. The Act, which 
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applied to such products as vaccines and scra, antigens and insuli~ included 

controls on the release of each batch by an independent state laboratory and the 

right to inspect manufacturing faalitics. 
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2. latra-Compuy Goftnuneat lnitiatms 

2.1 Operating Standards 

Increasingly on an international basis governments arc setting standards 

for research development and production. These standards have been 

embodied in codes or guidelines (depending on the panicular country) 

known as: 

Good Manufacturing Practice (GMP) 

Good Laboratory Practice (GlP) 

Good Clinical Practice (GCP) 

We will discuss later the actions which governments may take in order to 

ensure compliance wilh the standards. All scientific and technical aspects 

of company operations arc embraced and may be summarised as follows: 

a) People A company must employ individuals of adequate 

academic experience according to the tasks in question. These 

individuals must be exposed to appropriate industrial experience 

and trained accordingly. Records of their training must be 

maintained. 

b) Facilities Buildings must be adequate in terms of quality and 

space. They must provide the environment appropriate to the 

operation; this means control of the microbiological 

surroundings and of the paniculate content of the air. 
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The housing and use of animals in experimental programmes is 

similarly standardised in terms of environment. hygiene. 

segregation and humane systems. 

Production facilities must be designed to avoid 

cross-contamination. In particular cases, such as the 

manufacture of penicillin containing produ~ significant 

physical separation is demanded by certain government 

authorities. 

Equipment and instrumentation must be adequate for the stated 

tasks. Documented procedures for cleaning, calibration and 

routine maintenance must be in place, and there must be 

evidence that staff have been trained to a sufficient level of 

competence to handle the equipment and instruments. 

c) Documentation The adequacy of operating systems is proved 

by the quality of documentation. Similarly, records must be 

generated and maintained for all relevant activities. 

d) Operations Unit operations in manufacturing and in laboratories 

must be validated in order to prove their adequacy and 

correctness. The actual manufacturing processes must comply 

with the information submitted to the government as pan of the 

original pre-marketing approval. 
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Oinical operations, whether within the company or in hospitals, 

must similarly be controlled in order to confirm compliance with 

the original approved protocol. 

2.2 'lbe Qualified Persoa 

For the purpose of maintaining the quality of pharmaceutical products 

throughout the European community, an EC directive was established 

creating the role of Qualified Person. This demands that within each 

pharmaceutical company one individual is responsible for the decision to 

release a !:upply of sales gcxxls to the marketplace. 

This role was first conceived in France in the form of the "Pharmacien 

Responsible". With the creation of the Single European Market on 31 

December 1~ and consequent steps towards the free movement of 

goods, the Qualified Person becomes an extremely critical function for 

the healthcare industry in Europe. 

National governments are charged with approving individuals as Qualified 

Persons. For this purpose, academic attainmen~ industrial experience 

and targeted training are defined. In the United -Gngdom an individual 

meeting these standards and wishing to become a Qualified Person must 

undergo assessment by one of the professional bodies charged with the 

maintenance of standards. 
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3. Goverameat Inwlftlllent in Manufacturiac Authorisation 

Prior to the approval for marketing of a new pharmaceutical product, systems 

exist for the authorisation of the actual manufacturing facility. However, there 

is great country to country variation in the associated procedures, and 

harmonisation is far from complete. 

Just as government demands that standards of Good Practice (GMP, GLP and 

GCP) be maintained, so many governments demand the right to inspect facilities. 

This generally takes place prior to marketing authorisation and may be repeated 

from tim~ to time. Compliance may lead to the provision of a specific licence. 

Failure of compliance leads to government actions in order to generate 

improvements and will normally lead to a delay in the grant of marketing 

authorisation. Failures of compliance have necessitated the withdrawal of 

products from the market from time to time. 

In the United Kingdom a specific Manufacturer's Licence is issued, granting 

permission for the manufacture of certain products. This is linked with the 

marketing authorisation for the products themselves. Inspection systems similarly 

exist in continental Europe. There is a measure of cross-acceptance of National 

Inspection Reports within and beyond Europe, frequently through the medium 

of the Pharmaceutical Inspection Convention (PIC). The US Inspection systems 

are considered to be the most intensive and far reaching. frequently being 

undertaken prior to the grant of clinical trial permission (that is, pre IND 

inspection) as well as before marketing authorisation. 
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4. Government Inmlvement in the Authorisation of Buman Studies 

Studies on human beings are generally categorised into four groups: 

Phase 1 studies, involving kinetic examinations on healthy human volunteers. 

Phase 2 studies, for dose ranging investigations. 

Phase 3 studies, involving major clinical investigations. 

Phase 4 studies, post-marketing clinical investigations. 

Phase 1 studies are universally free from government intrusion, but generally 

require some form of local hospital approval, such as by an Ethical Review 

Committee. Government controls of clinical studies are far from universal, and 

even in Europe where relatively sophisticated systems of market authorisation 

exist, it may not be necessary to seek approval to commence studies on patients. 

The original (but not commonly used) system for approval in the United Kingdom 

involves an application for a Oinical Trial Cenificate (CTC). In order to accelerate 

the commencement of clinical studies, the UK government introduc-.ed a system 

rather similar to that of the US lnvestigational New Drug (IND) arrangements. 

The UK system is known as the Oinical Trial Exemption Procedure (CTX). 

Both the crx and IND systems involve negative vetting. This means that clinical 

studies may commence assuming no objections are raised by the authority within 

a cenain number of days (35 in the case of the UK). 

An application for an IND or CTX approval must be made according to the stated 

government requirements. The degree of novelty of the active constituent 
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influences the extent and nature of data required. Also critical arc the intended 

route of administration, the dosage, frequency of administration and the duration 

of the proposed clinical study. The use of a novel excipient or drug delivery system 

would a1so require documentation. 

The UK government authority (the Medicines Control Agency) may determine 

that a CfX application is inappropriate. In such an example there is no right of 

appeal and the corporation must either submit a modified CfX or revert to a full 

ere application. 

Where the proposed product is based on biotechnology or involves a novel drug 

delivery system, it is preferable not to submit an application without pre-discussion 

at the government agency. Failure to do so will almost certainly lead to delays. 

Informal discussions or a pre-planned seminar for government agency reviewers 

should serve to develop a mutual understanding of the critical issues involved. This 

should also serve to accelerate the review and approval process. 
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5. Govenament lnYOlvement in Marketinc Authorisations 

The three major marketing targets for a multinational corporation are undoubtedly 

United States, Japan and Europe. Although the European community does not 

have a single marketing authorisation system yet it moves relentlessly, albeit rather 

slowly, towards that goal. 

The data requirements for the three blocks are rather similar but not identical. 

The US may demand more toxicity and clinical data, with an emphasis on bio 

statistics. The Japanese authc. rities generally demand toxicity and clinical 

information oriented to their own population. 

The standard format for EC applications is as follows: 

There are five parts listed I - V. 

Part I :S a summary of the dossier comprising: 

I( a) Administrative Data. This includes information on the name of the 

product, its active ingredien~ the dosage form, the name and address 

of the company and the official signatures. 

l(b) Summary of Product Characteristics. This includes qualitative and 

quantitative particulars of the composition, covering both active 

ingredient and excipients. The dosage form and route of 

administration are stated together with information on the 

pharmacology and clinical indications, contra indications, 
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precautions and special warnings. The dosage should be defined in 

this section, together with relevant information about storage 

limitations. 

I( c) C.O.taias the Espert Reports. Under EC legislation it is ncccssary to 

file 3 Expert Reports covering chemical and pharmaceutical 

information, toxicological and pbarmaoological documentation and 

clinical documentation. These reports, prepared by an internal or 

an external Expert, are expected to review the relevant sections of 

the main dossier in a critical way. Guidance notes exist for those 

embarking on the writing of Expert Reports. 

Pan II comprises chemica~ pharmaceutical and biological documentation. 

II( a) Covers the composition of the product as well as the containers and 

closures. 

Important within this section is the development pharmaceutics 

information. This would descnbe the problems encountered during 

development and the means by which they were overcome. 

Information on incompatibilities and interactions should be included 

as well as data on variations between clinical trial formulations and 

final compositions. 

The incorporation of a unique delivery system would be discussed in 

detail in this section. 
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Il(b) Descnbes the method of manufacture and the dosage form. This 

would include information on batch size and unique equipment 

required for successful manufacture. The individual stages in 

processing would be described and the validation of these would be 

discussed in detail 

II( c) Concerns the control of starting materials. For new actiYe ingredients 

much detail would be expected here about the~ description, 

deYelopmcnt chemisby, controls during synthesis, impurities, batch 

analysis and specifications. 

II( d) Descn"bes the controls on intermediate products. This may be 

important where the manufacturing technique generates a controlled 

release formulation and in-process controls become critical. 

II( e) Descn"bes the controls on the finished product. These would cover 

physical tests such as., dissolution, microbiological procedures and 

chemical control tests. The results of batch analyses on preferably 

five consecutive full-scale production batches should be incorporated. 

II(t) Descn"bes the stability of the product. Justification for the design and 

protocol of the studies may be required, panicular1y where these vary 

from normal standards. The objective is to prove that the product 

remains adequately pure and potent during its shelf-life. Stability 

data may be required on a new active ingredient as well as the finished 

product. 
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Pan III provides pharmaco toxicological documentation divided as follows: 

III(a)-Singlc Dose Toxicity. 

Ill(b) - Repeated Dose Toxicity. 

III( c) - Reproduction Studies. 

Ill( d) - Mutagcnic Potential 

Ill( e) - Carcinogenic Potential 

Ill(f) - Pharmacodynamics 

ffi(g) - Pharmacokinetics 

Ill(h) - Local Toleranccff oxicity 

Pan IV provides the clinical documentation divided as follows: 

IV(a)-Oinical Pharmacology 

IV(b)-Oinical Experience 

IV( q) - Other Qinical Information 

Part V provides for special paniculars. 

V(a) Relates to the dosage form and would provide information on 

packaging together ·with a draft of the label and the package insen. 

V(b) Refers to samples which are required for applications in some, but 

not all, EC territories. The size of the sample, when required, also 

varies. 

V( c) Relates to manufacturing authorisation. A copy of the manufacturing 
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authorisation should be provided where it already exists for the 

product in any EC territory. 

V( d) Qmccrns marketing authorisation. Copies of any existing marketing 

authorisations from countries within or outside the EC should be 

pl'O"ided 

Corporations operating within the EC now have a choice. They may elect to file individual 

market authorisation requests ir. each member state. Alternatively, they may choose (and 

are increasingly choosing) to follow the so-called CPMP or multi-state route. They may 

actually elect to initiate both procedures and cancel one or the other at a later time period. 

The single state procedure clearly involves the submission of an appropriate dossier to each 

regulatory agency. Since there is limited standardisation between the member countries 

this is a cumbersome and costly process for the corporation. The CPMP multi-state 

procedure is almost certainly the precursor of a single EC market authorisation process 

and is becoming the route of choice for most of the pharmaceutical companies. The 

procedure operates as follows: 

The first step is achieved when market authorisation takes place in one member 

state. Thereafter, the multi-state system would begin. The rapponeur, that is 

the acting agent in the outgoing member state (that is the country which has already 

granted marketing authorisation) is a key individual and should be consulted prior 
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to the initiation of the relevant documentation. 1be rapponeur obtains an 

assessment report about the product within his own state and sends this to the 

authorities in the other concerned member states. 

The corporation files its application in all of the concerned member states. with 

a copy to the Secretariat of 1bc Committee for Proprietary Medicinal Products 

(CPMP). When all of the oonccmcd member states have rccciw:d the valid 

application, the 120day approving period begins. During this time each concerned 

member state must notify their reasoned objections to the granting of an 

authorisation. If no objections arc raised the state is obliged to grant marketing 

authorisation. All reasoned objections are sent to the rapporteur and the company 

involved. Following consultations with the rapporteur, the applicant may appeal 

agair.st the objections. After submitting the appeal documentation a minimum 

of 30 working days arc required before the CPMP Meeting can review the 

information. Prior to the meeting. and through the mediation of the rapponeur, 

the company may elect for a personal hearing. including the presence of Experts 

to address the CPMP Meeting. 

Certain categories of products may not be processed according to the multi-state 

system. However, this procedure is gaining in popularity because the approval 

times are generally much less than those recorded for single-state applications. 
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A significant advance took place in July 19ff7 with the establishment of the EC 

Directive for ccnain high technology medicinal products. This has become known 

as the "High-Tech Directive". This conccrtation procedure has certain~ 

including the following: 

1. To allow an early exchange of views among assessors in European 

Regulatory Agencies alx>ut the content of romplcx submissions. 

2. To accelerate the EC approval process. 

3. To present a lOycar protection against a second applicant from the date 

of granting the first marketing authorisation. 

The High-Tech Directive divides the relevant products into List A and List B 

products: 

List A products arc developed by means of the following: 

Biotechnological processes; recombinant DNA technology; controlled 

expression of genes coding for biologically active proteins in prokaryotes 

and eukaryotes, including transformed mammalian cells; and hybridoma 

and monoclonal antibody methods. Companies wishing to obtain EC 

approval for products in these categories must follow the High-Tech 

Directive route. 
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List R products arc: 

Other high technology medicinal products that, in the opinion of the 

competent authority concerned, constitute a significant innovation or area 

of significant therapeutic interest. These include other biotechnological 

processes; medicinal products administered by means of a new delivery 

system; medicinal products containing a new substance or for an entirely 

new indication; new medicinal products based on radio-isotopes and 

medicinal products manufactured using processes that demonstrate a 

significant technical advance. The use of the High-Tech Directive is 

optional for products based on List B. 

The obligation falls to the company to prove that the High-T cch route is 

appropriate for the product in question. The timetable for the consultation 

procedure is 180 days. However, the clock may be stopped when the obligation 

turns to the applicant to provide supplemental information. A period of 4 - 6 

weeks is normally required to enable the rapporteur Member State to produce an 

initial asscs.~ment report. As for the general CPMP Multi-State Application (sec 

Chapter 5), a rapporteur is selected and becomes a key individual. 

An Appeals procedure exists, similar to that for products in the multi-state CPMP 

system. 

Experience with the High-Tech concertation procedure is limited so far. A large 

proponion of applications have been from smaller companies aiming for 
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specialised markets. 1be benefits from the processing of difficult biotcch 

applications by this route remain to be determined. However, the system appears 

to be an important step in the CYOlution of the EC market approval arrangements. 
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7. later - Go!enmmt laitiatiftS 

The previous chapters have indicated some of the steps which arc taking place 

towards a common EC registration system. More details of these may be gained 

by studying the EC publications (sec Outpter 9). 

Outside of the EC, the Product Evaluation Repon (PER) scheme was founded 

in 1979 within the European Free Trade Association (EFT A). This scheme aims 

to simplify the registration process, and thereby facilitate intercompany trading 

in pharmaceutical products. The initial member countries were Aus~ Finland. 

Norway, Sweden and Switzerland. Germany, Italy, the Netherlands and United 

Kingdom have joined. After a lengthy period of collaboration with Sweden, 

Australia joined the scheme in 1990, as did Canada. It is likely that Hungary has 

now been accepted into the PER 

The scheme which is controlled from EFI"A headquarters in Geneva operates 

through the exchange of Evaluation Reports ou pharmaceutical products with the 

objective of speeding the individual state registration proce~. 

Various consultation documents descn"be further steps towards simplification of 

the government role in marketing authorisation throughout the EC. These include 

the establio;hment of the European Medicines Evaluation Agency (EMEA ). Th~ 

body, which is intended to be responsible for both human and veterinary 

pharmaceutical product~, would not replace national authorities but function as 

a co-ordination point for scientific and technical asse~mcnt of quality, safety and 

efficacy. It would also co-ordinate the reporting of adverse events 
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(pharmacovigilence ), a subject of increasing concern to regulatory authorities. In 

the long term the EMEA could be expected to grow and become the registration 

authority for the EC. 
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8. Other Replatory Considerations 

8.1. Medical De¥ices 

In most countries a distinction is drawn between a pharmaceutical product 

and a medical device. In the United States a simplified form of processing 

exists for-recognised devices which are considered to be 1ike and similar' 

to those previously marketed. Marketing authorisation is achieved 

through the use of the St OK documentation system. 

Within the EC attempts are being made to standardise the approach to 

the authorisation of devices. It is possiNe that certain novel drug delivery 

systems may be categorised as devices. 

The Active Implantable Medical Device Directive was published in 1990. 

A medical device is defined as an instrument, apparatus, appliance, 

material or any other article whether used alone or in combination, 

together with any accessories or software for its proper functioning 

intended by the manufacturer to be used for human beings in the diagnosis 

prevention monitoring treatment or alleviation of disease or injury, 

investigation, replacement or modification of the anatomy or of a 

physiological process and the control of conception, and which does not 

achieve its principal intended ac.tion by pharmacological, chemical, 

immunological or metabolic means, but which may be assisted in its 

function by such means. 
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An active medical device is defined as any medical device relying for its functioning 

on a source of electrical energy, or any source of power other than that directiy 

generated by the human body or gravity. 

An active implantable medical device is defined as any active medical device which 

is intended to be totally or partially introduced surgically or medically, into the 

human body or by medical intervention into a natural orifice and ·.vhich is intended 

to remain part of the procedure. 

In tota~ a series of four directives should cover the complete field of medical 

devices and will lead to a standardisation in EC authorisation. 

8.2 Dru& Master Files 

It is important to bear in mind that, in making a request for market authorisation, 

a company is obligated to submit "all relevant information". On occasions this 

may be difficult because part of the "relevant information" has not been made 

available to the company. For example, the basic details of a drug delivery system 

which the company has licensed-in may be covered by strict confidentiality 

arrangements, preventing the company submitting sufficient details to the 

government agency. 

In these circumstances, the difficulty is overcome by the use of the Drug Master 

File system (DMF), which enables the out-licensing company to provide, in 

confidence, an information package to the government agency with a 

cross-reference to any marketing authorisation request. 
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The EC system was revised in 1992 and the concept of a European Drug Master 

File (EDMF) was initiated. Confidential information covering a delivery system. 

a unique active constituent, or an excipient is provided in EDMF format in parallel 

with the submission of the marketing authorisation request. 

Under US regulations two types of Drug Master Files exist. The so-called Type 

2 DMF fulfils the same role as the EDMF and operates in essentially the same 

pattern. The close association between the EDMF and the marketing 

authorisation request within the EC is not necessarily so strict under US rules. 

Additionally, the FDA recognises a Type 1 DMF which descn'bes the facility 

prepared and proposed for pharmaceutical manufacturing. This latter submission 

should stimulate a visit by the FDA Inspector, leading to a decision about the 

acceptability of the facility. Deficiencies will be listed on document 483 and 

classified according to severity. Correction of these deficiencies may be necessary 

before the approval of a New Drug Application (NOA) can take p!ace. 

8.3. Abridced Ap,plications 

In most western countries the opportunity exists to recognise the case for appm~-al 

of certain products on the basis of a limited supply of information. This is known 

as an Abridged or Abbreviated Application (an ANDA according to the US 

procedures). 

In order to achieve classification as an Abridged Application, the proposed new 

product must comply with one of several classifications. Thus. the active 

constituents should have been approved already in comparable dosages, the 
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proposed therapeutic indication may be different or the combination of known 

and approved active constituents is different. As justification for such applications 

already published data may be submitted. The abridged application system 

recognises the ethical considerations of avoiding unne~ry repeat animal and 

human studies. It is conceivable that, in certain circumstances, it may be justified 

to seek marketing authorisation under these rules for a product based on a unique 

drug delivery system. However, the definitions, as outlined in the previous 

paragraph, must be taken into account. 
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Volume I ''The Rules Governing Medicinal Products for Human 
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Volume II 

Volume ID 

Volume IV 

VolumeV 

Use in the EC'. Published in English, Spanish, Danish, 

German, French, Italian, Dutch and Portugcse. 

"Notice to Applicants for Marketing Authorisation for 

Medicinal Products for Human Use in the Member 

States of the EC'. Published in English. Spanish, 

German, French and Italian. 

"Guidelines on the Quality, Safety and Efficacy for 

Medicinal Products for Human Use". Published in 

English. Spanish, German, French and Italian. 

"Guide to Good Manufacturing Practice for Medicinal 

Products". Published in English, Spanish, Danish, 

German, Greek, French, Italian, Dutch and Ponugese. 

'The Rules Governing Medicinal Products for 

Veterinary Use in the EC'. Published in English, 

Spanish, Danish, German, Greek, French, Italian, 

Dutch, Portugese. 

An addendum to Volume IV has been published containing guidelines on 

such topics as Analytical Validation, European Drug Master Files, 

Production and Quality Control of certain products using biotechnological 

processes and human monoclonal antibodies, Good Oinical Practice and 

Oinical Testing. 
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These publications may be obtained from: 

UNIPUB 

4611 F Assembly Drive 

Lanham 

MD 207~391 USA 

Tel: (800)274 4888 

Kinolruniya Company Ltd 

17-7 Shinjuka 3-Chome 

Shinuku-ku 

Tokyo 160-91 

Tel. (03) 3540131 
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TIBTECH - DECEMBER :987 !Vol SJ 

Guidelines on the production and 
quality control of medicinal products 

derived by recombinant DNA 
technology 

Commission of the European Communities notes to 
applicants for marketing authorizations* 

Committee for Proprietary Medicinal Products Ad Hoc Working 
Party on Biotechnology/Pharmacy 

l lnlroduction 
Developments in molecular genetics 

( ·, and nucleic acid chemistry now enable 
' the genes coding for naturai. biologically 

active proteins to be identified. analysed 
in fine detail, transferred between organ­
isms. and expressed under controlled 
conditions so as to obtain synthesis of the 
polypeptide for which they code. 

A common strategy in the development 
of recombinant DNA (rDNA) derived 
products is the insertion of naturally 
occurring or synthetic nucleotide se­
quences into a vector which is introduced 
into a suitable host organism so as to 
ensure the efficient expression of the 
desired gene product. Many vectors in 
use at present are bacterial plasmids and 
much gene cloning has been carried out 
in Escherichia coli and other prolcaryotes. 
However, other vector-host cell systems 
involving eukaryotes. including yeasts 
and cell lines of mammalian or insect 
origin. have been de~·~loped and are. in 
some cases. in use for production. The 

\_ factors affecting the expression of foreign 
genes introduced into a new host using a 
suitable vector are complex and the 
efficient, controlled expression of stable. 
cloned DNA sequences is an important 
aspect of current research. 

The ability to synthesize and manipu­
late nucleic acids allows the construction 
of genes coding for modified products 
possessing enhanced biological artivity 
and/or diminished undesirable ch racter­
istics. or entirely novel products. In 
addition. large quantities of useful 
medicinal products which were pre· 
viously difficult r.o prepare from natural 

•This document is lhe /ma/ draft generated 
by the Ad Hoc Working Porty on Bil>lech· 
nology!Pharmacyand appro~·cd (in June l 987} 
by the European Committe for Proprietary 
Medicinal Products. Address for correspond· 
ence: Pharmaceutical Division. DClll/816. 
Commission a/ the European Communities. 
200 Rue de lo Loi. B-1049 Brussels. Bel~ium 

sources can now be manufactured using 
such rONA technology. 

A flexible approach to the control of 
these products should be adopted so that 
requirements can be modified in the light 
of experience of production and use. and 
with the further development of new 
technologies. Implementation of these 
requirements for an indi,·idial product 
must reflect its intended clinical use. 

This document is not intended to apply 
to the control of genetically modified live 
organisms designed to be used directly in 
man, for example as live vaccines. 

2 Points to consider in manufacture 
This document is intended to facilitate 

the collection and submission of data 
to support applications for marketing 
authori7.ation within the EEC for med­
icinal products derived by rDNA tech­
nology and intended for use in man. 

Extensive ·scale-up· may be required as 
laboratory developments progress to full 
scale commercial production. and this 
may have considerable consequences for 
the quality of the product and thus 
implications ior control testing. Although 
comprehensive characterizaUon of the 
final product is essential. considerable 
emphasis must also be placed on 'in­
process· control. a concept which has 
been highly effective in the quality 
control of bacterial anc! \•iral vaccines 
prepared by conventional methods. 

Requirements relating to establish­
ments in which biological products are 
manufactured (e.g. Revised Require­
ments for Biological Substances No. 1: 
WHO TRS 323) will apply to products 
derived bv recombmant D:'\t\ method­
ology as ·will several of the general 
requirements for the quality control of 
biological products. Thus. appropriate 
attention needs to be given to the quality 
of all reagents used in production. 
including components of fcrmentallon 
media: specifications for these are to be 
included in documentation and they 
must comply with any ;2levant EEC 

requirements. Tes ts for potency. ab­
normal toxicity. pyrogemc1ty and ster· 
ilit\· e:c .. which apply to products made 
by con·.-entional methods. will also apply 
to products made by recombinant OX.-\ 
technology. lt is undesirable to use in 
production agents which are known to 
pro,·oke sensiti\·i:y reactions in certain 
1:td1,·iduals. such as. for example. peni­
cillin or other ll-lactam antibiotics. 

Certain factors may compromise the 
safet\· and efficac\· of rDXA-deri•·ed 
prod~cts: these sho~ld be given special 
attention and are outlined below: 
Iii Products from naturally occurring 

genes expressed in foreign hosts may 
de•·iate structurally. biologically or 
1mmunologically from their natural 
counterparts. Such alterations can 
arise either at the genetic or post­
translaHonal le"·1:1 or during produc­
tion or purification. Other products 
mav be entireh· novel in structure. 
produced by m"anipulation of natur­
ally occurring genes or by chemical 
synthesis of ne"'. ones. These pro­
ducts may have enhanced biological 
features and.·or diminished undesir­
able effects compared with their 
naturally-occurring counterparti:. It 
should be recognized. however. that 
they may also have unexpected and 
undesirable biological properties. 

(ii) The ch:-ice of manufacturing pro­
cedure mav influence the nature 
and range· of potential contami­
nants. Thus rD:\A-derived products 
may contain potentially hazardous 
contaminants not normally present 
in their equivalents prepared by 
conventional methods and which 
the purification processes must be 
shown capable of removing. Ex­
amples of these are endotoxins in 
products expressed in bacterial cells 
and DNA oi oncogenic potential in 
products expressed in transformed 
mammalian cells. 

(iii) Cnintended •·ariability in the culture 
during production may lead to 
changes which favour the expression 
of other genes in the host\·ector 
svstem or wh1r.h cause alterations in 
the polypeptide product. Such vari· 
at ion might result in decreased yield 
of the product andior quantitative 
and qualitative differences in the 
impurities present in the product. 
Consequently. procedures to ensure 
consistency of production condi· 
tions as well ·~the final product are 
imperative. 

Whilst the requirements set cut below 
should be considered lo be generally 
applicable. individual products may 
present particular quality control prob­
lems. Thus. the production and control of 



each product r:1~->~ ~ .. • ~n.:t'n (.l:,~tuI 

1nd1ndual cons:tlera:wn :ai..in!! fu!!~- m:n 
account an:• spec1.1: ft>a'.ures 

3 Strategy for cloning and expression 
3. l £xpress10n .-.~ctor and host c~Jl. :\ 

description of rhe ho:;~ cell and expres­
sion "·ector used in production should be 
gi\·en This should include details of the 
origin and 1dentifica!10n of the gene 
which is being cloned and the construc­
tion. genetics and s:ructure of the 
expression vector The method b~- which 
the "·ector is introducl'd into the host cell 
and the state of the \"ector within the host 
should be described Thi' assodation 
or the "·ector and hosr cell may be 
permanent. allowing continuous expres­
sion of the product: or self-limiting_ for 
example where the "·ector is an accept­
able q1opathogenic nrus. 

3.2 Sequence of the clcned gene. Full 
details of the nucleotide sequence of the 
gene insert and of flanking control 
regions of the expression "·ector should 
be pro\•ided. All relevant expressed 
sequences should be clearly identified. 
The O:-.:A sequence of the cloned gene 
should normalk be confirmed at the seed 
lot stage and at ieast once after a full scale 
fermentation. In certain svstems. for 
example where multiple copies of the 
gene are inserted into the genome of 
a continuous cell line. it ma\- be 
inappropriate to sequencP. the cioned 
gene at the production le\·el. 1.Jnder these 
circumstances Southern blot analvsis of 
total cellular D~:\ or sequence anairsis of 
the mRNA may be helpful and particular 
attention should!>¥. paid to the character­
ization of the final product. 

3.3 Expression_ The strategy by which 
the expression of the relevant gene is 
promoted and controlled during produc­
tion should be described in detail. 

4 Control of seed lot 
It is essential that production is based 

on a well defined seed lot svstem 
involving a master seed and manufac­
turer's working seed bank. During the 
establishment of the seed no other cell 
lines should be handled simultane0uslv 
in the same laboratorv suite or b\· the 
same persons. The origin. form. storage. 
use and details of life expectan::y at the 
anticipated rate of use must be described 
in full for all seed materials. :\tlenllon 
should be paid to the stability of the hosr­
vector expression system in the seed 
stock under conditions of storage and 
recovery. t\ny known instabilirv should 
be reported. New seed iots should be fullv 
characterized. 

/\ critical part of quality control will 
involve the full characte::zati'Jn of seed 
material. Where hiither eukaryotic: cells 
are used for production. dii:linguishm~ 

:~L'~n::\ rr:~ a:--.d u:1munol0..;:H-a~ it!a:ures 
o: i-.a~;.·0:-1~-. \•::!! be use:':/ m t>S~Jblish-
m~ the •C?"r!":::. of the s~d De:a1is of !he 
tti:-:'lnt;r1~~:1L!:\· of con~!nucus cPll hnes 
sho;.ic a:~ J oe obtained and reported. 
L:\...,-.·.-:5,, · •. ·'.-!er<? microoia! cultures are 
u:;ed. s;:if'·~:~:: pheno:rp1c features \,·h:ch 
!or:-n ,! !:>as!s for I<i~:ttifica!ion should be 
d~SG::_,t':; 

En<ie:lce tna: the see<i lo: 1s free from 
po:.-n:1~!:y :'J:tcogenic. \\"here appro­
pr;.!te. o: 1:ife..:ti\·e ad\·en:itious agents 
:n:aL oaGer;al_ fungal or mycoplasmall 
must be pro,·ided. Special am~r.!1on 

should bi' ~:,·en to "-iruses which can 
co!':'lmonl\ contaminate the animal spe­
cies from \\·iuch the cdl !me has been 
deri\·ed Fc.r ;nstance. cell lmes of murme 
ongm should be checked for contamma­
tio~ acco:<im~ to .-\ppend1x I of the ."-.:otes 
to :ipplzcan:s fo: .\farkerzng :\uthoriza­
tior.s :: :: Reauirements for the Production 
and Qualii_,- Controi of .\fonocional 
Anubod1es of .\!urine Orii?in Jn:ended for 
L"se in .\tan 1 Trends in ~Biotechnolo~-­
in press). Certain cell lines contain 
endogenous "·iruses. e.g. retrm·1ru!les. 
which may no: read ii~- be eliminated The 
expre:.;sion of these organisms. under a 
variet\' of conditions known to cause 
their induc:ion. should be tested for and 
reported. F ur:hermore. the purification 
process should be shown to be capable of 
remo\·ing and or inacti\·atmg any such 
\·rrus which may ine\·itably be present in 
the ~eed as an endogenous agent or part of 
the expression "·ector. 

5 Production 
Ideally no: more than one cell lme 

should be ::u!ti\·ated simultaneous!\- m 
the same production area. If other -cell 
lines are cul:i\·at,.d in parallel. records 
must be kep: of the cell line~ handled and 
endence pres"!nted for the absence of 
i:ross-contammatron between them 

5. l Production nt f·n1te passage. 
Details of the fermentation or culture 
used to manufacture the product should 
be prO\'ided For each production run. the 
presence. e:r.!ent and nature of any 
m1crob1al conrammatlon m the culture 
vessels immediately prior lo all harvest­
ing must be thoroughly examined De­
tailed mforma:1on to confirm the ade­
qua:e ~e:tslt1\·1ty of the methods used ro 
detect contamination should be pro\"1ded 
and acceprab:P limits of contamination 
set 
~lax1mum permitted passagP levels for 

production should b,. defined and should 
bP basPd on information concerning thl' 
J;tabilirv of :he ho~t cell vector svstr.m 
upon ~ena: sub-r.ulth·at1on up t~ anrl 
beyond thP level of produc!1on Data on 
c:onsistencv of growth of the rullure and 
on thP maint•manc;P of \"Ir.Id of the 
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Master Seed Bank - A homogenwu 
suspension of the original cells alread 
transformed by the expression vect' 
containing the desired gene. aliquoted int, 
individual containers for storage (e.g. in 
liquid nitrogen refrigerator). In sorr.e case 
it may be necessary to establish separat· 
master seed banks for the expressior 
vector and the host cells. 

Manufacturer's Worfcing Seed Bank - J 

homogeneous suspension of the see< 
material derived from the master seet 
bankls) by a finite passage level. aliquotet 
into individual containers for storage (e.g 
in a liquid ni!rogen refrigerator). 

I ·. both seed banlcs. all containers ar 
treated identically during storage. and ono 
removed from stor~ge. the containers ar• 
not returned to the seed stock. 

Production at Finite Passage - Thi: 
cultivation method is defined by a limite< 
number of passages or population dout­
lings which must not be exceeded c ,, 
production. 

product should be presented. Criteria for 
the rejection of culture lots should b" 
established. 

Monitoring of the host cell vector 
character:s:1cs at the end of production 
cycles should also be undertaken. For 
e'!tample detailed information on plasmid 
copy number and degree of retention of 
<he expression \"ector within the host cell. 
as well as restriction mapping of the 
vector containing the gene insert. may bP 
of "-alue. 

5.2 Continuous culture production 
This approach should only be undertaken 
\-'hen special consideration has been 
g1\·en to the control of production based 
on continuous cuhure. Where it 1s 
undertaken monitoring of the prodi;ction 
system is necessary throughout the I ife of 
the culture. The required frequency and 
type of monitming will depend upon 
several factors including the nature of the 
expression system and product. informa­
tion should be octained on the molecula~ 
integrity of the ~ene being expressed 
and of the phenotypic and genotypic: 
characteristics of the host cell after loni: 
term culti\'a!ion. E\'id•mce should bf' 
provided that the ~-ield does nor \·ary 
bevond defmeci limit~ and that the nature 
and quaht\' of the product does noi 
change with respect to specified para­
mr.ters. The arceptance of harvests for 
furthP.r proc:r.ssinio: shculd be clearly 
linked 10 the schedule of momtonns: 
applied. The period of r.ontmuous r.ulfl· 
;·ation should he sper.1fied and this 
should be based on information con­
cerning the stabilrtv of the svslem and 
consistency of th!!. product up to and 
r.eyond this limit. In cases of long term 
continuous c:u(tivalion. the cell lrne and 
product should br. r.ompletelv rp-rvalu-
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Continuous Culture Production - The 
number of passages or population doub­
lings are not restricted from the beginning 
of oroduction. Criteria for the termination 
of production h.-.ve to be defined by the 
manufacturer. 

Bult Harvest-This is a homogeneous pool 
of individual harvests or lysates which is 
processed i:'I a single manufacturing run. 

Bulk final processed product - This is the 
finished product. after completion of the 
manufacturing process, obtained from a 
bulk harvest. It is maintained in a ·single 
container and used in the preparation of the 
final dosage form. The generation of 
this final batch has to be dearly defined 
and unambiguously recorded by the 
manufacturer. 

Final dosage form - The finished product is 
formulated and filled into final, sealed 
containers which hold the product in its 
final dosage form. The containers of a 
filling lot are processed together and 
a ...... 1"form in their contents and biological 
~--ncv· 

ated. as set out in sections 3.1, 3.2. 7.1 
and 7 .2. at intervals based on informa­
tion concerning the stability of the system 
and the character of the product. 

A clear definition of a 'batch' of product 
for further processing should be pro· 
vided. Regular tests for microbial con­
tamination should be performed in 
relation to the strategy for harvesting. 
Criteria for rejection of ha.-vests and 
premature termination of the culture 
should be defined. 

6 Purification of the product 
6.1 Methods. Methods used to purify 

the product should be described in detail. 
Procedures w-hich make use of affinity 

• chromatography. for example employ­
t ing monoclonal antibodies. should be 

accompanied by appropriate measures to 
ensure that these substar.ces. or any 
additional potential contaminants arising 
from their use. do not compromise the 
quality and safety of the final product. 
Attention is drawn to the Notes for 
Applicants for Marketing Authorizations 
on Requirements for the Production and 
Quality Control of Monoclonal anti· 
bodies of Murine Origin lntend~d for Use 
in Man (Trends in Biotechnology. in 
press). 

6.2 Validation of the Purification 
Procedure. The capacity of the purifica. 
tion procedure to remove unwanted host 
cell derived proteins. nucleic acids. 
carbohydrates. viruses and other impuri· 
ties should be investigated thoroughly. as 
should the reproducibility of the purifica­
tion process as regards its ability lo 
remove specific contaminants and the 
consistent composition of the purified 
product witii respect to ar.y impurities 
which may be present. Pilot scale studies 

using. for examplt". a carefully selectec 
group of \"iruses which exhibit a ran~e 
of physico-chemical features rele\·ant 
to their beha\·iour on purification. o: 
radioactively labelied D~A intentionally 
mixed with the c.rude preparation (s;:>i~­
ingl should be undertaken. A reduction 
factor for such contaminants a: each stage 
of purification. and O\·eralL should be 
established by using. if necessary. con­
centrations of o:-.;A and ,·iruses in excess 
of that expected during normal produc­
tion. 

7 Final processed product 
7.1 Charactenzation of the Purijied 

Actfre Substance. Rigorous characteriu­
tion of the active substance bv chemical 
and biological methods will ~ essential. 
Routine detailed characterization of the 
final product ma~· be required if the 
nature of the expression system makes it 
impossible to characterize the gene at the 
production level. Particular attention 
should be given to using a wide range of 
analytical techniques exploiting different 
pbysico-chemical properties of the mol­
ecule; for instance. size. charge. iso­
electric point. amino acid composition 
and hydrophobicity. It may be desirable 
to include suitable tests to establish that 
the product has the desired conform· 
ational structure and state of aggrega· 
tion. Examples of techniques suitable 
for such purposes are: polyacrylamid~ 
gel electroph;,resis; isoelectric focusing: 
size exclusion. reversed phase. ion 
exchange. hydrophobic interaction or 
affinity chromatography; peptide map­
ping: amino acid analysis; light scatter­
ing; UV spectroscopy; circular dichroism. 
and other spectroscopic techniques. 
Additional characterization of the pro· 
duct using for example. electron micro· 
scopy or relevant immunochemical tech­
niques may provide valual>le inform-

. ation. Biological and immun:>logical 
characterization should include as wide a 
range of techniques as possible appro­
priate to the anticipated biological 
activity. use. system of administration of 
the product and duration of treatment. 
The determimstion of the specific acti\·ity 
of high!)" purified material will be of 
particular value (units of activityfweight 
of product). . 

Sufficient sequence information to 
characterize the gene product adequately 
should be obtained. The degree of 
sequence verification required will de­
pend on the extent of other characteriza­
tion tests. For somt" purposes partial 
sequence determination and peptide 
mapping may suffice. for others full 
sequence determination may be neces­
sary. Attention should be paid to thr. 
possible presence of N-terminal methio­
ninr.. signal c.r leader sequences and other 

poss1E,;~ :"'- and C-:ermm;il moJ1::.:;i:ur.s 
(for instance acetylat1on. iimtda:ton o~ 
partial degradation by exopep:1dases1 
Other post-trarulational modifica:1ons. 
such as glycosylation should be md1-
cated. Special consideration should be 
given to the possibility that such moeiii­
cations are likely to differ from those 
found in a natural counterpart and may 
influence the biological and pharmaco­
logical properties of the product. 

7.2 Puriw. Data should be pro\·ided on 
contamii:ants whose presence is a:lti­
cipated in the final processed product. 
The le\-el of cont.lmination considered as 
acceptable. end criteria for accei:itance or 
rejection of a production bate!> ;;1. •JUld be 
given. It is important that the techniques 
used to demonstrate purity be assessed 
using as wide a range of methods 
as possible. including ph~-sico-chemical 
and immunological techniques. Par­
ticu!ar emphasis should be placed on 
tests for viral and nucleic acid contami· 
nc.tion and for other unwanted materials 
of host origin. as --11 as on materials 
which may have been added during the 
production or purification proc~sses. 

8 Routine batch control of bulk final 
processed product 

A comprehensive analysis of the initial 
batches of a product should be under­
taken to establish consistency with regard 
to identity. purit)' and potenq·. There­
after. a more limited series of tests ma\' be 
appropriate as outlined below. • 

8.1 Ccnsistency. An acceptable num­
ber. for example five. of successive 
batches of the bulk processed product 
should be characterized as fullv as 
possible to determine consistency of 
composition. The studies should include 
biological. chemical and immunologi :al 
methods to characterize and assay the 
active si:bstance and methods to detect 
and identify impurities. Any differences 
which occur between batches should be 
noted. The data obtained from these 
consistency studies should be used as the 
basis for product specification. 

8.2 /dentin•. A selection of the tests 
used to characterize the purified active 
substance (see 6.1) should be used to 
confirm the product identity for each 
batch. The methods employed should 
include tests for the anticipated bio­
logical activity as well as physico­
chemical and immunological methods. 
Depending on the extent of other 
identification tests. sequence verification 
of a number of amino acids at the fl.:. and 
C-terminus or other methods such as 
peptide mapping should be performed. 

8.3 Purity. The- degree of purity 
and also the degree of consistency of thr. 
production process. In general. a \'ery 
high def.ree of purity can be ar.!1ieved for 
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desirable and altainable wili depend on 
se,,·eral factors: these include the nature 
and intended use of the product. the 
method of its production and purification 
most products by modem manufacturing 
.procedures. 

The purity of each batch should be 
established and b~ within specified 
liiilits. The analvsis should include 
~nsilive and reliable assavs for o~.-\ of 
host cell origin applied to ·each batch of 
product prepared from continuous lines 
of transformed mammalian cells. Strict 
upper limits should be set for DNA in the 
product. It is recommended that DNA 
analyses are also performed on each 
batch of product obtained from other 
eukaryotic cells. and limits set for ONA 
content. until further information on 
safety is obtained. D~A of prokaryotic 
expression systems (e.g. of vector or 
plasmid origin) :;hould be tested for 
wherever appropriate to considerations 
of the quality and safety 11f the product. 
For products lo be administered ·for an 
extended period of time. or in high doses. 
the residual cellular proteins should also 
be determined by an assay with appro­
priate s.ensitivity (e.g. ppm) and strict 
upper limits set. 

8.4 Potency. The potency of each batch 
of the produc.t should be established 
(e.g. units of biological activity per ml) 
using. wherever possible. an appro­
priate national or international reference 

prepar.ttion calibrated in units o: ino­
logical acti\·ity (set? Section 9). 

In addition. information or. specific 
acti\·ity (units of biological actinty per 
unit weight of product\ will be of con­
siderable \·alue and should be reported. A 
highly purified reference preparation is 
required to standardize measurements of 
specific activity (see Section 9}. 

It is recommende.-i that correlations 
between potency measurements. in­
vol\·ing biclogical tests. and the results of 
physico-chemical methods of assay are 
made and the information reported If 
possible. batches should be calibrated 
using accurate ph)-sico-chemical tests. 
and the biological assays used to confirm 
- within stated limits- that the product is 
biologically potent. 

9 Specification and reference materials 
The studies described in Section i will 

contribute to a definitive specification for 
the product when considered together 
with the information obtained from the 
examination of successive batches. as 
indicated :ind.er Routine Batch Control 
(Section 8). 

A suitable batch of the product. 
preferably one which has been clinically 
evaluated. should be fullv characterized 
in terms of its chemicai composition. 
purity. potency and biological acti\·ity, 
including where possible full amino acid 
sequencing. and retained for use as 
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a chemical and biological referen.:~ 
material. 

When appropriate the 010logi1.:al ac:­
ivity of the product and its physica: 
characteristics. includine the amino ac:.: 
sequence. should be co~pared with tha: 
of a highly purified preparation of t'.;.~ 
naturally occurring molecule. 

10 finished product 
The product in final containers shou:~ 

be shown tc comply with the requi:E­
ments of the EEC directin:~ whe:E 
appropriate. In circumstances where th!s 
is not possible the omission of tes:s 
should be justified bi; the manufacture: 

11 Pre-clinical safet\" tests 
The requirements for a particda: 

product need to be carefully e•aluated ::i 
each case. In general. classical toxico­
logical studies in animals may be of on:y 
limited relevance. However. some safe:·.· 
testing "'ill usually be required for me;: 
products. Reference should be made :: 
separate Notes to Applicants on the Pr~­
clinical Biological Testing of .\tedicin=: 
Products Deri\'·ed by Biotechnolo~·- . 

Acknowledgements 
The Ad Hoc Working Party thani:.s 

members of unh.-ersities. the pham:a­
ceutical industrv and control institutio~; 
for helpful comments rtceived during::.~ 
preparation of these guidelines. 

Subscription Information Trends in Biotechnology 

n 

t_ 



BIODEGRADABLE POLYMERS FOR DRUG DELIVERY 

CONTE1''TS 

Introduction 

T. L Whateley 

Department of Pharmaceutical Sciences 

University of Strathclyde 

Glasgow, GI IXW 

Polymeric Implants for Delivery of Protein and Polypeptide Drugs 

Biodegradable Polymers 

Polyanhydrides 

Poly(lactic-co-glycolic acid) 



2 

INTRODUffiON 

Recent advances in genetic engineering recombinant DNA technologies has led to 

the development of novel therapeutic protein and peptide drugs. A partial list is shown in 

Table 1. However. these therapeutic agents are difficult to administer due to their 

molecular size, susceptibility to proteolytic breakdown. rapid plasma clearance and 

denaturation. Due to these properties protein and polypeptide drugs are currently 

generally administered by non-oral routes. Developments in the oral and nasal delivery of 

proteins and polypeptides will be discussed elsewhere in the Course. 

Possible parenteral methods of administration include: 

I) Soiutions : i/v. sic or i/m : frequent administration necessary 

: controlled infusion pump. 

2) Oil based depot : i/m or sic : possible, discussed in more detail under 'Multiple 

Emulsions' 

3) Polymeric Implants or Depot of Microspheres : this approach has proved 

successful for the delivery of polypeptides and will be discussed in detail. 

Polymeric Implants for Delivery of Protein and Polypeptide Drugs 

Some non-biodegradable polymeric implants systems have been investigated for the 

sustained release of polypeptides e.g. 

Cross-linked poly(vinyl alcohol) hydrogels (Langer & Folkman. 1976). 

Ethylene/vinylacetate copolymer (Langer. 1984 ). 

Silicone elastomers (Hsieh et al. 1985). 

However. the major disadvantage of non-biodegradahle systems is that the implant 

has to be surgically removed once their lifetime has expired. It is also difficult to achieve 

a constant rate of release (zero-order release). 

A numher of macromolecular. naturally occurring materials have also been 

considered. e.r. ?.lhumin. gelatin. collagen. etc. In general these can be immunogenic when 



TABLE I: A PARTIAL LIST OF PROTEIN DRUGS APPROVED FOR USE OR UNDER INVESTIGATION 

PROTEIN 

Human insulin 

Human growth hormone 

Alpha interleron 

Hepatitis 8 vaccine 

Tissue plasminogen activator 

Ery1hropoietir1 

Murinc monoclonal antibody 

Gamma interferon· 

Granulocyte colony-stimulating factor 

Granulocyte-macrophage colony-stimulating factor 

lnterlcukin-2 

Factor VIII 

Macrophage colony-stimulating factor 

Monoclonal antibodies 

USfJFUNCTION 

Treatment of diabetH mellitus 

To 11upplement inadequate levels or endogenous growth hormone iiecretion in 
chiltlren 

Treatment ot' hairy cell leukemin nmJ l\llJS-relnted Karo"i'" Hnrcomu 

Vaccination against infection caui1ed by hepatitis B \'irus 

Lysis of thrombi obstructing coronary arteries 

Stimulation of red blood cell production 

As immunosuppressant to prevent kidney iramplant rejection 

Treatment of chronic granulomatous di11easc 

Promotes production of granulocytes; AF. nn adjunct to chemotherapy in correcting 
neutrophil deficiency 

Promotes production of granulocytes and macropha1es: Treatment or non­
Hodgkin 's lymphoma, acule lymphoblastic leukemia and Hodgkin's disease 
a!ISociated with bone marrow transplantation 

Modulates immune function: Renal call carcinoma 

Treatment of blood clotting factor deficiency in hemophiliacs 

Promotes production of macrophages: Treatment of fungal infections: Wound 
healing 

Bind to and inactivate endotoKins to prevent septic shock: As cancer-imaging 
agents 
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cross-linked. 

Biodegradable polymers are clearly the materials of choice for implantation for 

sustained drug delivery. The polymeric drug carrier needs to be treated as a drug itself in 

terms of the safety. biocompatibility and lack of toxicity of the polymer and its degradation 

products. In general. there are two processes of biodgradation - surface erosion and bulk 

hydrolytic degradation. Polymers where degradation is hydrolytical ly rather than 

enzymi~ly controlled are preferable in that there will be less patient-to-patient varinion. 

In general. polypeptide and protein dregs are too large to show significant diffusion 

through polymer matrices : thus the release of drug can be contro!led by the degradation 

of the matrix. This can allow a more constant rate of release (i.e. closer to zero order 

release) than with a diffusion controlled release device. where the rate of release tends to 

decrease with time and fraction released (e.g. Higuchi diffusion control release). Unstable 

drugs can also be protected from the surrounding environment until released. 

Biodegradable Polymers 

A range of biodegradable polymers have been considered for the sustained release of 

protein/polypeptide drugs : e.g. 

Poly( alkyl-cr-cyanoacrylates) 

Poly( ortho-esters) 

Poly(amino acids) i.e. polypeptides 

Poly( dihydropyrans) 

Poly(anhydrides) 

and the group of 

Aliphatic polyesters : 

Poly(lactic acid) or poly(lactide) 

Poly(glycolic acid) or poly(glycolide) 

Poly(lactic-co-glycolic acid) or poly(lactide-co-glycolide) 
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Poly( e-caprolactone) 

Poly(hydroxy bucyrate) 

Some structures are shown in Figure l. 

Biodegradable polymers for drug delivery have been reviewed by Leong ( 1991 ) and 

Smith et al ( 1990). 

Attention will be focused on the aliphatic polyesters. in particular on the 

poly(lactic-co-glycolic acid) polymers which are used in current clinical practice for 

controlled drug delivery. having received regulatory acceptance for long-term parenteral 

use, in particular for once-a-month sub-cutaneous administration of LHRH agonists for the 

treatment of prostatic cancer (Zolad\!x and Prostap SR). They are inert and biocompatible 

and degrade to the naturally occurring lactic and glycolic acids. 

The only other type of biodegradable polymer to be considered in detail is the 

polyanhydride group as controlled drug delivery systems using these ?Olyrners have been 

taken through to Phase 3 Clinical Trials. 

Polyanhydrides 

This class of polymer has the general structure shown here in Figure 2. 

Polvanhvdrides . .. 

FIGURE 2 



Poly( ortho-esters) 

Poly(a-hydroxy acids) 

poly(lactic acid) poly(glycolic acid) 

poly( e-caprolactone) 

FIGURE 1 
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A particular polyanhydride has received much attention recently with its application 

in the controlled delivery of the cytotoxic nitrosourea. BCNU {or carmustine) to treat brain 

tumours. This work has been pioneered by Brem and his group at John Hopkins Medical 

Center. Baltimore, USA (Brem, 1990; l 990a) using the biodegradable polymer developed 

by Langer and co-workers at MIT. (Langer. 198.8). 

The particular polyandride used is poly{p-carboxyphenoxypropane-<:o-sebacic acid) 

PCPP-SA whose structure is shown in Figure 3. 

0 0 0 0 

f 11 . 11 'f U II _, C~O-(CHlh-O~C-07. C-(CHi),-C-07; 

FIGURE 3 

This is a hydropnobic, surface eroding polymer and hence can protect the BCNU 

(which has a half-iife of only 12 min. in plasma and aqueous systems) until it is released 

in the proximity of the brain tumour. Implants are inserted at surgery into the cavity left 

by the removal of the tumour. Lack of toxicity of the polymer has been shown. as has the 

efficacy of the drug loaded implant : multi-centre Phase 3 Clinical Trials are being 

undertaken. 

In the Department of Pharmaceutical Sciences at the University of Strathclyde we are 

following a similar approach but using the non-toxic. acceptable PLGA polymers loaded 

with carboplatin. which, being water soluble should not re-distribute from the brain. being 

unable to cross the blood-brain-barrier. 

The degradation rate of PCPP-SA co-polymers can be controlled hy the sebacic acid 

c0ntent, as shown in Figure 4. Thus, ·as the release rate is determined by surface 
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erosfrm/degradation. a range of release rates r::n be readily achieved. 

The rate of degradation of PCPP-SA polyanhydrides is sensitive to pH as shown in 

Figure 5. An increase in pH values causes a faster rate of degradation (Laurencin et ai. 

1990). 

Poly(Lactic-co-Glycolic Acid) Polymers 

The structure of the monomeric lactic and glycolic acids is shown in Figure 6. It 

should be noted that lactic acid can exist in both D and L stereo isomeric forms: the L 

being the form occurring in-vivo. Both lactic and glycolic acids occur in vivo and are 

utilised in normal function. 

The polymers and co-polymers are available commercially. They can be synthesised 

via the dimeric lactide and glycolide. whose structures are shown in Figure 7. 

The structure of PLGA co-polymers is shown in Figure 8. 

H 0 l H 
I II I 
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CH3 J CH3 
x 
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FIGURE 8 

The poly(glycolic acid) polymer is very crystalline and insoluble in solvents other 

than fluorinated ones. The poly(L-lactic acid) polymer is more crystalline than the 

poly(D.L-lactic acid) material where the chains cannot pack so well. Crystallinity 

decreases as glycolic acid is introduced into the poly(lactic acid) systems. 
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The PLGA ~o-polymers degrade by a hydrolytic mechanism. which occurs 

throughout the matrix i.e. it is not an enzymic or surface ewsion mechanism. There is an 

increase in rate of hydrolysis at high and low values of pH typica! of acid-base catalysed 

ester hydrolysis (Makino et al. 1985). 

A typical in vitro degradation curve at 37"C and pH 7.4. as measured by molecular 

weight decrease, is shown in Figure 9 (Fildes et al. 1991 ). 

There are three major variables which can affect the properties of the co-polymers 

i.e. molecular weight; ratio of lactic to glycolic acid and 7-irradiation. Each of these 

parameters has an effect on the degradation rate. which in many cases is the major factor 

controlling the rate of drug release 

Figure 10 illustrates that an increase in molecular weight of PLA decreases tile rate 

of degradation whilst Figure 11 shows that an increasing content of glycolic acid (up to 

60-70%) causes an increase in the rate of degradation (Kaetsu et al. 1987). It should be 

noted that the rate of degradation decreases again as the percent of glycolic acid 

approaches 100%, due to the greater crystallinity in these materials. 

The effect of 7-irradiation (often used for terminal sterilisation of PLGA systems) on 

the polymer molecular weight {as indicated by the intrinsic viscosity), as illustrated in 

Figure I 2. shows a near-linear decrease in molecular weight with increasing irradiation 

dose. Thus. ;--irradiation sterilisation has the effect of reducing the molecular weight of 

the polymer. with consequent effect on the rate of degradation. as previously discussed. 

These three factors allow control of the rate of degradation of PLGA polymers and 

consequently on the rate of drug delivery. 

Figure 13 shows the process for the preparation of Zoladex ll'.12.e implants for the 

once-a-month administration of LHRH agonists (Asano ct al. 1991 ). The mixture of high 

and low molecular weight poly(lactic acids). tailored to give the correct degradation and 

release rate, are melt mixed prior to a further melt mixing with the LHRH agonist. This 
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mixture is warm-pressed at 60°C and sterilised by ,-irradiation. A special SFinge delivery 

system has been devised for the Zoladex product : however. a 16 gauge needle is needed 

and this can necessitate the use of a local anaesthetic for the sub-cutaneous injection. 

Microsphere suspension preparations have been developed. as discussed in the lecture on 

•Microencapsulation and Microspheres" which can be injected using smaller needles of 21 

to 23 gauge. An excellent review of the development of Zoladex is given by Fildes et al, 

( 1991 ). 

The general properties of the release of drugs from PLGA systems is well-illustrated 

in the data in Figures l 4a and l 4b. These systems are cis-platin loaded microspheres of 

75:25 PLGA of molecular weight 58.000 prepared by the oil-in-water emulsion solvent 

evaporation method with the external phase saturated with the water-soluble cis-platin 

(Spenlehaner et al., 1988). 

Figure 14a shows the release over a 48 hour period for three different drug loadings 

( 18~. lowest curve: 32%, middle curve and 4 l 9L top curve). This data illustrates the 

general phenomena that a faster rate of relPase is found with higher drug loadings, over 

the initial stages of release where degradation of the matrix is not rate-controllng but 

release is determined by a diffusion-dissolution mechanism. The explanation can be 

understood by consideration of figure 15 which shows the distribution of drug crystals 

(cis-platin and mitomycin C will be insoluble in the polymer and dichloromethane solvent 

and will be present in the matrix as dispersions of crystals) within the polymer matrix at 

the 3 different drug loadings. At the highest drug loading, crystals in contact with the 

surface can dissolve and form channels for water to leach out crystals in the interior. 

Essentially all the crystals can be part of a network connected to the external aqueous 

phase. 

In the case of medium loading ony a limited number of crystals are in contact with 

the aqueous phase. Isolated crystals in the interior can only release drug via the diffusion 
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of water through the matrix and dissolution. clearly a slower process. At low loading of 

drug. essentially all of the drug particles in the interior are isolated and as shown in Figure 

l 4a only 10% is released at 48 hour. 

Figure 14b. shows data for the same systems of Figure l 4a over a time period of 

more than 30 days (the rightmost curve is for a loading of 9.1 St. which showed zero 

relea~e over the initial 15 day and hence is not included in Figure l 4a). 

The rapid increase in the rate of release at 20-30 day for the two lower loadings of drug is 

due to the massive collapse of the polymer matrix due to its hydrolytic degradation. The 

curve for the drug loading of 18% shows a typical 3 phase release pattern i.e. (I) an initial 

burst due to material at or close to the surface. (2) a phase of very little release. followed 

by (3) a rapid release on collapse of the matrix following hydrolytic degradation. The 

question of the importance of diffusion on degradation controlled drug release has recently 

been discussed by Shah et al. ( 1992) and Bodmer et al. ( 1992). 

The effect of gamma-irradiation on drug release from PLGA matrices is 

well-illustrated in Figure 16 for PLGA microspheres loaded with 2.9% cis-platir.. 

y-irradiation does not affect the rate of release in the initial few days. It is the 

massive release on collapse of the matrix which is dramatically affected : y-irradiation 

(37 .7 kGy) causes the matrix collapse to occur at 10-15 days rather than at 60-70 days in 

the un-irradiated materials. These results correlate with the data previously presented 

(Figure ?) where the molecular weight (as indicated by intrinsic viscosity) of PLGA was 

shown to decrease essentially linearly with y-irradiation dose. 

An injectable 90 day delivery system for testosterone based on PLGA has been 

reported (Atkins. 1992). 

The factors influencing the rate of release of thyrotropin releasing hormone (TRH) 

from poly(d,1-lactic/glycolic acid) has been investigated in detail recently (Heya et al, 1991, 

1991 a). In particular, the ionic interaction between the basic group of TRH and the 
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carbox·ylic end group of PLGA affected both the rigidity of the microsphere matrix and the 

rate of release. 

The effect of various additives on the release rate of drugs from PLGA systems has 

been investigated by a number of groups. The effect of the additon of a low Mw.PLA 

(2,000) to thin films of a high Mw PLA ( 120.000) on the release rate of salicylic acid 

(6.7% loading) is shown in Table 2. Increasing amounts of the low Mw PLA increase the 

rate of release and the glass transition temperature is reduced (Bodmeier et al. 1989). 

TABLE 2 

High . LowMwPLA 5t Released at 24 hr . 

100 0 15 

75 25 20 

50 50 40 

25 75 70 

0 100 92 

The addition of the Pluronic LIOI to PLA films eliminated the burst effect for the 

release .:>f BSA. With 30% LI 0 I there was 15% hydration at 30 days and no loss of 

LIOI. The formation of a liquid crystalline phase of H
2
0-Ll01 was postulated (Park et al, 

1991 ). 

The incorporation of basic amine drugs, can enhance the rate of polymer hydrolysis 

due to microenvironmental pH effects e.g. thioridazine reduces the polymer molecular 

weight to one half during the preparation of microspheres. The drug is releac;ed rapidly, 

i.e. 50% in 3 days at pH 7.4 : if the amine group is blocked, the release time is extended. 

The effect of drug loading on release rate is clearly seen for tluphenazine in 

poly(D.L-lactide) microspheres. For polymer of molecular weight. 2,000. the T~0 values for 

loadings of I 0, 20 and 30% were 5, 17 and 48 days respectively. A similar effect was 
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found for polymer of 16,000 molecular weight (Rarntoola et al 1992). 

A number of interesting aspects with regard to the degradation of PLGA have been 

reported. 

(a) glycolic acid is released faster than lactic acid. 

(b) Degradation is faster in the interior (of implants) due to the lower 

microenvironmental pH following chain scission but before oligomers in the interior 

are able to diffuse out (Vert, 1992). 

(c) two types of water have been shown by NMR to be present m melt-pressed 

implants: either dissolved or as water in pores. 

(d) free radicals (OH) have been shown to increase the rate of degradation in vitro Ali et 

al, 1992). 

In general the 50:50 lactide/glycolide co-polymer shows the lowest crystallinity, 

highest hydrophilicity and maximum rate of degradation. However. samples of 50:50 

PLGA of similar molecular weights can show different solubility properties due to the 

presence of blocks of glycolide (as opposed to a random distribution of glycolide and 

lactide). Glycolide is highly crystalline and blocks of glycolide result in reduced solubility. 

Large differences in the 'blockiness' of a sample can be detected by 13C-NMR (Bendix, 

1990). 

The question of the stability of the drug in the PLGA matrix has obviously to be 

addressed. For example the cytotmdc drug. etoposide, was found to degrade with a similar 

mechanism as ir. aqueous solution, over a period of days in a PLA matrix (Aso et al, 

1992). 
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I. INTRODUCTION 

Multiple emulsions arc emulsions in which globules of the dispersed phase encap­
sulate smaller droplets. which nomially consist of a liquid miscible and. in most 
cases identical with. the continuous phase. 1 The two ma.ior types of multiple emul­
sions are water-in-oil-in water t wio/w) in which the internal ;:md external aqueous 
phases arc separated by an oil !Jycr and oil-in-water-in oil (o;w/o) in which water 
separates the two oil phases. Because of this structure and the presence of the 
liquid barrier. multiple emulsitms arc also kno~:n as liquid membrane systems. A 
typical pholomicrograph of a w.n,w emulsion is shown in Figure 5-1. The internal 
droplets that usually contain the therapeutic agent are Ji:'pcrsed in the oil phase 
(the primary w/o cmulsificati<'ll ~t:ige) which in turn ic; dispersed in the external 
a"lueous phase (the secondary i:mulsificarion stageJ. Drug 1s released either by 
internal droplet co:ilcsccnce w1th the external aqueous phase nr in stable systems 
by diffusion across the liquiJ membrane. Obviously if pr0l('ngcd release is to be 
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MULTIPLE W/O/W Efv\ULSlO:'IS AS DRUG VEHICLES 

II. COMPOSITION OF THE MULTIPLE EMULSION AND 
STABIUlY: INFLUENCE OF THE NATURE OF OIL PHASE 

A number of factors ha,·c b\!en id!!ncified as affecting the: stability of wi'o.:w emul­
sions. Th~sc include their flll!thoJ uf preparation. the nature of entrapped materi­
als. particularly the effect of electrolytes. thc:ir phase volumes. :md the concentr.t­
tion and type of emulsifiers. 1 ~ The intluence of the oil phase on the stability of 
the resulting emulsion has until recently received liule attention. 

Davis and \Valker 13 used 6-carboxytluorescein as an imem:il marker to mea­
sure the yield of multiple emulsion droplets prepared from miner.ii oils (liquid 
paraffin and squalenc) and \'Cgctahle oils (sesame oil, maize oil. and arachis oil). 
The yidd of multiple emulsion droplets was found to be dependent upon the na­
ture of the oil and decreased in the urder liquid paraffin > squakne > sesame oil 
> maize oil > arachis oil. Magdassi et al. 1"' observed that optimal stabilities of 
multiple emulsions were obtained when there is a similarity between the hydro­
phobic part of the emulsifier and the oil phase. This suggests. not surprisingly. 
that the stability of multip!e emulsions depends to a large extent like ordinary 
emulsions on the adsorption of the emulsifiers at the oil-water interface and on 
the properties of the adsorbed layer at that interface. The nature of the oil phase 
affects the nature of the interfacial film and together these are of crucial impor­
tance in determining globule size and stability. 

The stability of multiple w/o/w emulsions prepared with isopropylmyristate 
and a range of pure hydrocarbons has been studied by the present authors. 15 Both 
the internal aqueous droplets and che multiple oil drops varied in size according 
to the nature of the oil used in preparing the emulsions and a correlation between 
the interfacial tension at the oil-water interface and the droplet size was reported. 
Figure 5-2 shows the change in number of multiple oil drops wich time. There is 
no significant change m number of multiple oil drops prepared with hydrocar-

FIGURE 5-2 
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Stability of multiple w/o/w emulsions prepared with hydrocarbon 
oils: (0) octane. (e) dodec~ne, (.•) cyclohexane, (<;) 
hexadecane. ( '/. ) toluene. Emulsions were prepared ~ ith 2.53 
span 80 and 0.2?:, BSA as ~rimary emulsifiers and 1 ·-:, polysorbate 
30 as secondary emulsifier. f='rom Ref. 15. ' 
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AGURE 5-3 
Release of 5-FU from multiple w/o/w emulsions. The emulsions 
contained 2.53 Span 80 and 023 BSA as primary emulsifiers. 
with 5-FU ( 1 mg ml- 1) in the internal phase and the following oil 
phases: (8) octane. (0) cyclohe.1Cane, (u) dodecane, <•> 
hexadecane, (0) toluene. I 3 polysorbate 80 served as the 
secondary emulsifier. From Ref. 15. 

bons indicating stability in these systems. In 1·irro release studies of 5-fluorouracil 
(Figure 5-3) from \i,,·/o/w emulsions showed that release was faster fer those ws-
tems with sma11er internal droplets due to increased interf acial area. 

15 
• 

Ill. METHODS AVAILABLE FOR STABILIZING w/o/w MULTIPLE 
EMULSIONS 

In spite of the potential applications of multiple emulsions. there have been very 
few reports in the literature of auempts to improve their stability. The principal 
modes of breakdown involve coalescence of internal or external droplets. expul­
sion of the internal droplets. or osmotic swelling or shrinkage.'" The methods in 
the literature can be classified into three: gclation of either internal or external 
phases. fonnation of interfacial complex stabiiizing films. and the detern1ination 
of the optimal HLB of surfactant mixtures for the primary and secondary cmulsi­
fic::ition steps. each of these being combinc:<l ~ensibly with attempts to minimize 

the osmotic gradient across the liquid mcmhr;:rn::. 



MULTIPLE W/O/\V Ef'\ULSiONS AS DRUG VEHICLES 

A. Gelation of Either Internal or External Water Phase 

Following an earlier attempt to impnwc the stability of a w,o,.w emulsion by use 
of an .. oil .. that solidified at room temperature (e.g .. octadecane>. Florence and 
\Vhitchill 17 investigated the possibility of stabilizing multiple systems by fom1ing 
a polymeric gel in either the internal or external aqueous phasc 15 u'.'ing a nonionic 
surfactant-a peloxamer that could be polymerized in situ. 111 Irradiation of the 
system resulted in the bulk polymerization of the stabilizer (the poloxamer). with 
the consequence that the multiple globules became enmeshed in a network of 
cross-linked surfactant molecules. Polyacrylamide has also been used to demon­
strate this technique. but less toxic systems are required for pharmaceutical use. 
The main disadvantage of the use of -y irradiation is that the dru2 has to be incor-- -
porated at the primary emulsification step and is therefore exposed to -y irradiation. 
To overcome this difficulty a series of acryolyl derivatives of poloxamer (Plu­
ronic) surfactants (including Pluronic L44) was found to increase the stability of 
wlolw emulsions following cross-linking by irradiation at the interfacial polymer­
ization oil-water intcrface. 19 The primary w/o emulsion in a typical fonnulation 
contained 5% Span 80 in isopropylmyristate and 0. 9% of the diacryloyl derivative 
of Pluronic L44 in the aqueous phase with 4% (NH4)~S~011 as initiator. Polymer­
ization in the external aqueous phase increases its viscosity. increasing stability 
by reducing the close approach of particles. However. a polymerized interfacial 
membrane has been found to he more effective in providing stability. 

B. Formation of lnterfacial Complex Films 

During recent years. work in our laboratory has focused on the fom1ation of stable 
interfacial films. Surfactants from a series of chemically modified polymerizable. 
nonionic surfactants can form in siru cross-linked membranes after adsorption at 
the o/\v interface. ::?o The resulting intcrfacial membrane was found useful for main­
taining the stability of the liquid membrane. This approach. like the previous one. 
suffers from the disadvantages <.1f possible drug degradation during the polymer­
ization process and/or the presence of residual polymerization initiator in the final 
product. 

Another approach to the fornrnlation of stable interfacial membranes for im­
proving the stability of w/o/w emulsions is by interfacial interaction between a 
macromolecule such as albumin. or a polyanion such as polyacrylic acid in the 
internal aqueous phase an<l a lipl1philic nonionic surfactant in the oil phase. :!I.:?:? 

The formation of an interfacial ((1mplcx at the primary water-oil interface was 
found to enhance the stability l'l the w/o/w emulsion and to cause a delayed re­
lease of solutes entrapped in the internal phase of the emulsion. Herc. increased 
stability allows the film to withstand thinning. but unfor1unately this stable film 
acts as an inadequate barrier IP ~()lute transfer when it has thinned. :\ range of 
PEO-PPO-PEO hind~ copolymers ( poh1xamcrS) \i,·as fpund t1i fonn a stable inter· 
facial membrane with cit ha pPi: ;11.."rylic ;1cid or ;ilhumin. :? :: 
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AGURE 5-4 (left) 
The effect of Span BO concentration on the entrapment of NaCl in 
w/o/w emulsions of constant BSA concentration in the internal 
aqueous phase: (0) no BSA; (0) 0.053 BSA; (e) 0.13 BSA; 
( x) 023 BSA; (e) 13 BSA; (e) 2~ BSA. from Ref. 23. 

AGURE 5-5 (right) 
The effect of BSA concentration on the NaCl entrapment in 
w/o/w emulsions: Ce) 13 Span 80: (0) 2.53 Span 80: 
<•> 53 Span 80; {~) 103 Span. From Ref. 23. 

In a multiple wio/w emulsion stabilized by interfacial interaction between 
Span 80 and albumin. the entrapment efficiency of a w/o/w emulsion was studied 
by incorpora.ting NaCl in the internal phase of the emulsion. 23 Increasing the con­
centration of Span 80 from I to I 0% (Figure 5-4) O\'er all the bovine serum 
albumin (BSA) concentrations increased the amount of NaCl entrapped. which 
appears to parallel the observed increase in the number of internal aqueous drop­
lets in the emulsions. The effect of BSA on the quantity of NaCl entrapped is npt 
linear (Figure 5-5); there is a region of rapid increase in yield (at all Span 80 
concentrations) within the range of 0.05-0.2<;(. BSA. This is followed by only a 
gradual increase in yield at BSA concentrations above 0.2%. The quantity of NaCl 
initially entrapped (Figure 5-6) increased with increasing concentration of NaCl. 
probably due to the formation of a rigid interfacial layer as a result of the salting 
out effect of NaCl at the inner water-oil interface. 

Two compctiti\'e effects of NaCl in the internal phase of w/o/w emulsion can 
be distinguished: because of the .. salting out" effect. NaCl has a stabilizing innu­
ence on wfofw emulsions. However. the presence of NaCl in the internal phase of 
the emulsion could create an osmolarity difference between the two aqueous 
phases of the emul~ion that would induce osmotic flux of water from the external 
phase to the internal phase of the emulsion. The influx of water into the internal 
droplets results, in th~ c,ontinuous thinning 0f the oil layer. Successive growth of 
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FIGURE 5·6 
The effect of NaCls concentration in the inner aqueous phase on 
the entrapment efficie:ncy of w/o/w emulsions prepared with 0.23 
BSA in the internal aqueous phase and varying cancentrations of 
the Span 80 in the isooropyl myristate phase. 
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FIGURE 5-7 
Upper: phase contrast photomicrograph of a swollen w/o/w 
emulsion containing 1.25~ NaCl in internal phase after 4 weeks 
storage. 0.2';;, BS.A. was included in the internal aqueous phase of 
1 'ro Tween 80 1n the octane (oil) phase. Lower: a similar system 
after aging for 4 weeks. Bar marker: 10 11.m. The very thin e:-.1ernal 

lamellae can be seen. 
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,~\ULTIPLE W/0/W ~ULSIONS AS DRUG VEHICLES 

the internal droplets will depend on the dasticity of the intcrfacial film and the 
extent to which it could maintain a low interfacial te~sion as t!ie interfaciJI area 
increases. Unstable systems will break J0wn. thereby releasing the encapsulated 
salt to the external phase. i\1ulliplc oil droplets carrying such thin oil memhrancs 
were prepared by int~rfacial interacti0n between S~·an SO and BSA and were found 
to be stable for se,·eral weeks (Figure 5-7). 

C. Hydrophilic-Lipophilic Balance (HLB) Approaches 

Multiple emulsions consist of w/o and o/w emulsions and require at least two 
stabilizing surfactants. a low HLB one to form the primary cmulsi0n and a second 
higher HLB to achieve the secondary emulsification. ~.i Migration of surfactant 
from one interface lo the other on formation of the compkted muhiple system is 
one cause of instability. Solubilization of molecules of the primary (lipop!iilic) 
~urfo:tant in the external aqueous phase when the concentration of secondary ( hy­
drophilic) surfactant exceeds its critical micellc concentration can also contribute 
to instability. As the concentration of secondary hydwphilic surfactant increases. 
more of the primary surfactant may be incmporated into the secondary surfactant 
micelles. causing the concentration of primary surfactant at the interface to fall. 
and leading to rupture of the oil layer. which results in the loss of the internal 
aqueous drops. This has led to studies into the optimal HLB required for both 
primary and secondary emulsification steps in the formulation of multiple emul­
smns. 

Inversion of multipie w/o/w emulsion to o/w emulsion was studied as a func­
tion of the HLB of the external emulsifier. its concentration. and droplet sizes. :.i 
lm·ersion was found to occur 0nly when droplet size is reduced below a critical 
size or if the weighted HLB 0f the total emulsifiers present in the system <ip­
proaches the required HLB of the oil phase. Magd<issi and co-workers ha\'c stud­
ied the HLB shift caused by emulsifier migration to the external pha~c. ::~ They 
obsen·ed the optimal HLB for multiple emulsions to 1'e dependent cm 1he concen­
tration of both primary and secondary emulsifiers. A linear correlation was re­
ported between the optimal HLB. the concentration of hydrophilic emulsiflcr. and 
the reciprocal concentrations of the lipophilic emulsifier. 

\\'hen multiple emulsions were prepared with 0. 7-1.5 wtc;c. of secondary 
emulsifier. the yield of preparation did not change significantly (70-80fk) at any 
HLB of the secondary emulsifier. However. at higher concentration of secondary 
emulsifier ( > 1.5 wt%). there was only one <lptimal HLB the yield of the multiple 
emulsion. decreasing with increase in secondary emulsifier. :o The difference in 
behavior of the two multiple emulsions formed from the two concentrationc; was 
attribuied to the significant difference in the multiple droplet size. Low concentra­
tions of seconJary emulsifier produced multiple droplets of high droplet size (low 
surface area) whereas high seccmdary emulsifier concentrations produced ~mailer 
multiple droplets (large surface area!. which have a greater tendency of being 
expelled from the multiple oil dr0ps. 

In a later report. l\1agdassi ~c :d. invcstig:ited the dfrct nf emulsific~ type on 



lhe prep~ralion anJ ~t;ibiii:y uf mulliplt.: t.:rnui~:>1L1 :>. ::. Tht: intlut:nce tilt.' HLB Llf 
secondary emulsifi;;!r on th.: yie!J uf rm:para!iOi> ;inJ Stability W~lS found to bt: 
Jiff erent for each emulsili;!r. It is ob nous from th~st! scuJic!s lhal in optimizing 3 

mulciple emulsion formublion, both the HLB valu~s and surface activities ot lh.: 
surfactant have to be cons id.: red. 

IV MECHANISMS OF TRANSPORT OF SOLUTES 

Mechanisms of transport of solutes from the. inner aqueous phase ro the exremal 
aqueous phase are not well undep:;tood. In emulsions where breakd0wn and co­
alescence of the internal droplets arc minimized. diffusion of unionizeri materials 
represents the most important route of release anJ will be affected by the nature 
of the solute (its size. Jipophilicity or affinity for the particular oil phase, and its 
dissociation constant). Other factors that can affect the release rate include the pH 
of the internal phase and the nature of the oil. 

To deal with the kinetics of solute release from w/o/\v emulsions, the emul­
sion is usually simplified such that the ink.rnal drops are assumed to form one 
large coalesced subdrop with the oil phase fom1ing a spherical shell of thickness 
(l) around the internal phase. As both the internal drops and the multiple drop are 
in constant motion. the internal aqueous phase is assumed to be well 
mixed, transport of the solute from the bulk of im:mal drops to the w/o interface 
is considered to be very fast with the middle liquid membrane serving as a barrier 
against transport. Furthennore. the oil membrane thickness is assumed to be neg­
ligible compared to the drop radius, so that it may be considered that the mass 
transfer area is constant, i.e .. uniform flat membrane thickness (Figure 5-8). The 
equation governing the release from a slab with a nonconstant source has the 
fom1~7 

(5-l) 

where Afr is the amount of drug ret:.iined in the internal drops. ,Hr. is the initial 
:.imount of drug, A is the surface area of the multiple oil drops, K is the partition 
coefficient of the solute in the oil phase, L is thl! thickness of the liquid mem­
brane, v. is the internal volume of the w/o/w emubiun. an<l v~ is the sink solution 
volume. Sirce V 1 3> Vi th~ equation simpiifies to 

(5-2) 

or 

log Afr - log M :k (5-3) 
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AGURE 5-8 
Uniform planar-sheet model of a w/o/w emulsions. in which 
internal droplets are assumed to have coalesced into one subdrop 
with the oil phase forming a spherical shell of thickness, I. 

This equation is in the form of a first-order kinetic expression and pem1its evalu­
ation of release rate constants. It can be seen that the rt:kase rate of entrappe<l 
solute from w/o/w emulsion will be <!ffccted by the diffusion coefficient, the par­
tition coefficient of the solute in (he oil phase, and the emulsion droplet size. 

A. Micellar Transport 
Simple diffusion accounts for th<! transport of substances retwt:en the= two ;14ueous 
phJses of w/o/w emulsions but is of itself insufficient :v a~:('ount for the obscrwd 
facts particularly with tr;rnspl'rt of water and electwlytes. Transport : in wata­
load:i:d invcrsl! micelles ~mJil'r ~wulkn micellc.:s of hoth h~Jrophilic anJ, lipophilic 

' 



surfactants has b.:~n su~~~st-;:J. ~~ :.:viJi:ne1: ol \\ ilid1 was fuunJ t>y Florence and 
\Vh1tehilL 1 The tlux oi" watt!r through th.: oil ph;.i~e will afkcl tht: rekase of ion­
ized species. Tne pt:nn::;.ibility of the oil byer l't" multipk emulsions to water has 
been slu<lieJ by using O!>motic flux produced hy a solute to which the oil mem­
brane is impem1eabh:: chis- osmotic flux mcthoJ yidds an osmotic pameability 
coefficient. :<1 \\'ata tlux through layers of isopropylmyristalc and hexadecane has 
been measured using th:! microgravimetric method of Schatzberg30 and Petersen. 31 

The total. flux (11) is th:! sum of the flux dul! r0 micellar transport Uni> and that 
contributed by the mokcular diffusion (}~): 

If Fick's law is assumed Equation (5-4) can be w1j_tten as 

dC, 
D-

1 dx 
dC~ 

-D-+ 
~ dx 

(5-4) 

(5-5) 

where Dm is the diffusion coefficient of the micelk, Cm is the increase in solubility 
due to the presence of surfactant, Cs is the solubility of water in the oil phase, 
and Ds is the molecular diffusion of water in the oil phase. It is assumed that the 
diffusion layer thickness (cfx) is identical for eJch species. It CJD be seen that the 
steady mass loss of water through the oil layer depends on the Jmount of water 
carried by the micelles, on their saturation, and the rate of diffusion. 

Higuchi32 has discussed the concept of an effective diffusion coefficient <Dr:n) 
that is particularly useful in a system with more than one diffusing species. 

Deer - (5-6) 

where C, - C5 + C01 • The water permeJbility P is given by 

p = (5-7) 
L 

where L is the thickness of the oil layer. In the absence of surfactant the penne&t­
bility coefficient of 8.29 x 10- 9 cm sec-· 1 yieJJs a value of Jiff usion coefficient 
for water in hexadecane of ..+. 10 x I 0 - 5 cm1 sec - 1

• In the presence of Span 80, 
the permeability coefficient increases to 12. 7 ;,~ 10- 9 cm sec - 1

, illustrating the 
additional contribution to tr~msport of water uf !-Wollen inwrse micelles. Addition 
of hydrophili<.: surfac:tanb into the: oil layi::r cont<iining Span 80 significantly in­
<.:rease<l the flux of water (Figure 5·9). The prc:sence of hydrophilic surfa1.:1ant in 
combination with lipophilic surfactant in the oil pha~e would facilitale the forma­
tion of swollen mixed micelks:'l which L"ou!J solubilizt: water-~oluble compo-
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The influence of Span 80/T ween 80 and Span 80ff ween 85 
combinations on the flux of water at 25° C through a thin layer of 
isopropylmyristate concentration of Span 80 kept constant. 

nents. The large micellar units uf both lipophilic and hydrophilic surfactants could 

act as carrier of water and ionized species. 

B. Facilitated Transport 
This mechanism of solute rdeJse involves the incorporation of some material into 
either the internal aqueous phase or membrane phase. which reacts with the per­
meating compound to render it soluble in the middle! liquid phase. The carrier 
compounds facilitate the= tr~rnspon of the permeating compound across the mcm­
brnne. This upproach has founJ widespread use in hyJrometallurgical recovery t>f 

mct~sl ions. 
Mw:!1 of tht: puhli-.hcd \\Mk in the literature Jcals with liquid mcmhr:mc 

formulations for Cu~ .. rccon~ry. Such formulations usually ":ontair' an ~1quco11-. 
solution of sulfuric ~1cid in 1hi: internal drnplc:ts thar is emulsified in hydroc..:arhon 
solvent containing a c..:ommor hydromctallurgical \."l1mpll!xing agt:nt :.uc..:h as ~-
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AGCIRE 5-10 
Simplifiej diagram of liquid membrane for copper extraction. From 
Ref. 35. 

hydroxyoxime. :;~ Other chelating agents for copper extraction have been reponed: 
Kondo and co-workers35 formulated liquid membranes for extraction of copper 
using liquid surfactant membranes containing benzoylacetone as a mobile carrier 
(Figure 5-10). Copper ions in the external aqueous phase diffuse toward interface 
I where the complex between copper ion and benzoyl;icetone was formed. Diffu­
sion of the complex cakes place in the membrane and on reaching the interface 2. 
a stripping reaction takes place co liberate copper ion into the internal aqueous 
phase. The rate-controlling step in the extraction procedure was considered co be 
the chelating complex formation and diffusion process in the aqueous phase close 

3. 
to the interface. ' 

V. IN VIVO STUDIES 

Oil-in-water emulsion systems have been popular as dosage forms normally for 
oral administration of oils. as parenteral drug delivery systems. or in the form of 
cosmetics. \Vhereas w/0 emulsions have high potential as vehicles for lipid-solubk 
materials and to pro\'ide a sustained rckase dosage system, their high viscosity. 
which makes them difficult to inject, has limited their use. Discrete depots may 
be forr.ied and occasionally lesions appear after subcutaneous or intramuscular 
injection of the emulsions. 36 Multiple (w10:\1,·) emulsi~.ms have low viscosity and 
initially after injection will form diffuse O;!pots as multiple oil drops; the external 
aqueous phase would be miscible with the body tluids anJ so diss,ipatc l~:..:ving 
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globult!s of waler in oil emulsion dispersed in the boJy r1uiJs. Such sysrems might 
be expecred 10 behave like w. o emulsions except that the Jrug released to thl! 
external phase during the secondary emulsification step would provide.: fr\!c Jrug 
for rapid release. Because of these apparent advantages w/o/w emulsions have 
potential to provide controlled release of ancigenic materia1 whose immunogenic 
response is enhanced by the presence of oil adjuvants and of anticancer drugs in 
cancer chemotherapy. 

A. Fonnulation of Antigenic Material in w/o/w Emulsions 

A sustained adjuvant effect due to delayed diffusion through the oil layer v.:as 
reponed when a w/o/w emulsion containing ovalbumin in physiological salin·e in 
the internal phase was inoculated subcutaneously into mice. 36 Mice treated wich 
antigen in the multiple emulsion exhibited a slightly better response than those 
treated with w/o emulsion. Taylor and coworkers2 studied in humans a comparison 
of the antibody response and reactions to aqueous influenza vaccine, influenza 
vaccine containing a mineral oil in simple emulsion, and influenza vaccine con­
taining mineral oil as on multiple emulsion. The antibody response induced by che 
multiple emulsion preparation was found to be very satisfactory, greater than the 
response to the simple emulsion vaccine and substantially greater than the aqueous 
vaccine. 

The stimulation by endotoxin encapsulated in a wio/w emulsion of the non­
specific resistance of mice to bacterial inf eccions was investigated by Hill and co­
workers. 37 These workers actempted to encapsulate a bacterial endotoxin in a mul­
tiple emulsion in the hope chat the administration of the endotoxin to mice would 
lead to reduced toxicity and a prolonged activity while maintaining the resistance 
of mice to bacterial infections. They found, however, that the multiple emulsion 
was as toxic as endotoxin dissolved in saline. This was attributed to the presence 
of nonencapsulated endotoxin in the external phase. While the protective action 
of the multiple emulsion was not observed, the n)ultipie emulsion considerably 
enhanced the nonspecific resistance of mice to bacterial infections. 

B. Cancer Chemotherapy 

Emulsion systems have been used experimentally in c~ncer chemotherapy as a 

means of enhancing the uptake of anticancer agents into the lymphatic sys­
tem. ~!!- 42 Takahashi and co-workers investigated the possibility of selectively lar­
~etim! 5-fluorouracil (5-FU) contained in o/w, w/o, and w/o/w emulsion systems 
~o th; lymph nodes. 43 The w/o. w and w/o emulsions were eight and three times 
more dfective. respectively. than an aqueous solution of the drug. The same 
group of workers also found the.! concentration of bleomyl:'in in •he tumor tissuc ol 

rats was two to seven times as high after intratumoral injection of w/\) and w/o/\v 
emulsion than those produced by local administration l'f aqueous solution of the 

+.$ drug. In rats bearing subcutJnt:ous tumors AH-66. 1.mly trace amounts of blt:o-
mvi.:in could bl! Jcmonstrat~d in rhc tumor tissth! .~t) min after iriiiatu111or;d . ' 



inj::ction of an :.iqueous solution. whereas .:-LmsiJcrably higher concentrations of 
the antitumor :.igent were founJ in the tumor up to 3 hr following local injection 
in the form of an emulsion. f n the clinical trials six of eight patients with either 
squamous cell carcinoma of skin or local r.:currcncc of adcnocarcinoma of the 

breast responded favorably to this treatment. 
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Oil 

Mineral oil 
Palmitic acid 

Palmitic acid 

Palmitic acid 

Drakeol 6 \"R 
Drakeol 
Peanut oi! 
Peanut oil 

Light mineral oil 

Sesame oil 
lsopropy lmyristate 
lsopropylmyristate 
lsopropylmyris1a1e 

Oil 

Sesame oil 
Peanut oil 

Octane 
heudecane 
dodec~nc. 

cyclohe,.anc 
toluene 

lsop1opylmyn ,tatc 

Td>le 5-1 
StudiE>s with Drug lncorporauon in Multirie Emulsions 

Surfactam Type Drug 

Arlacel A. T'll.CCn 80 \\'.'\)/\,\" O\'albumin 
Trioctanoin!)odium WIO'W Imuhn 

lauryl sulfate 
Octyl-decyl trigl~·r.eridc. w:oiw ln)ulin 

sodium lauryl sulfate 
Octyl-decyl triglyceride. \.\"10'W Insulin 

sodium laur:l )Ulfate 
Arlaecl A. Tween SO \\'10/\.\" Influenza ,-accinc 
Arlaeel A. Tween SO "11.;0'11. EnJotoxm 
Span 80. Tween 80 o'w/o l'altrexone Tylmol 
Span 65. Span 80.'Tween 80 w/o.:w l'altrcxone 

hydrochloride 
Span SO. Tween 20 \,\,/Q.'W Ephedrine 

hvdrochloride 
Span SO. Pluronic F68 w/olw 5-6fJFluorouracil 
Poloxamers Triton X series wio/w Sulfane Blue 
Polollamers \.\·fo.'w Sulfonamides 
Span 80. Tween SO. w/o.'w Methotre:..ate 

Triton X-165. 
Pluromc FS7. 88 

Table 5-1 (continued) 
Studies with Drug Incorporation in Multiple Emulsions 

Surfactant 

Sorbitan 
monoolcate. 

Sorbuan 
sesqu1olcatc 

Span SO. Tween !\O 

Type 

w/o'w 

Drui; 

Cytarabine 
5-fluorouncil 

S-Fluorou1acal 

Test System Refcren.:: 

In 1·i1·0 j6 
In \•i1·0 46 

In lfro 47 

In 1·fro .;s 

In l'il-o 2 
In 1-il"o 31 
In l·itro 49 
In ,-i1ro 50 

Jn l'itro 51 

In l·fro 43 
In 1·i1ro 21 
In ritra 52 
fo vitro 53 

Test System Refercn' 

In 1·i1ro 54 

fir 1·i1ro 15 



StuJics un nk~thum.~x;,itt: ~JJium funnul:it.:J in :: ::iultiplt: will.'w cmulsiun 
~howi:J an l!nhanceJ thi:rapeut:.: :i..::tivity :.tg~1inst L 12 IQ !;:ukt:mia comp:.m:J \\ ith 
tr.:atmt.:1ll with the Jrug in ayu;!OUS solution.-' .-\ ~ingi:;: Josi! of mi:thutre:-..alc ~ll­
Jium formulated as a multiple.: ~mulsion t..:st1.!J in mit:;! implanted with the RI 
lymphoma was found to be more effective in preventing the death of mict:, nut 
only than a single aqueous injection of methotrexate sodium, but also of five daily 
aqueous injections of the drug at the same dose level. 5 

The present authors have studied the in vfrv rele~se of 5-ftuoro[6-JH ]ura..:il 
from w/o/w emulsions stabilized by interfacial compkxation. Comparative ill rfro 

studies of aqueous solution, multiple w/o/w and w/o emulsions showed that for­
mulating the drug in emulsion systems significantly sustained the rdease from 
intramuscular injection sites in the rat (Figure 5-11). Two other factors may con­
tribute to the different release profiles observed between \\'/o/w and w/o emul­
sions: the higher viscosity of w;o emulsion and the presence of secondary hydro­
philic surfactant that could accelerate the dispersion of w/o/w emulsions in the 
muscles. 

\Vhitehill showed that the intestinal uptake of methotrexate was significantly 
increased when administered to mice in multiple w/o/w emulsions. 45 The presence 
of polysorbate 80 in the external phase of the emulsion was thought to account 
for the enhancement of absorption of methotrexate from the gastrointestinal tract. 

C. Insulin Therapy 

Another potential area of interest is in insulin and other protein/polypeptide drug 
therapy. It is known that insulin does not exhibit hypoglycemic activity when 
administered orally. The possible use of w/o/w emulsions to facilitate gastrointes­
tinal absorption of normally nonabsorbed water-soluble biopolymers has been in­
vestigated in rats. Intraduodenal injection of a w/o/w emulsion containing insulin 
resulted in a significant hypoglycemic activity. 46 

The enteral absorption of w10/w insulin emulsions in rabbits has been inves­
tigated. Multiple w/o/w emulsions containing 100 U/ml of insulin when adminis­
tered to the jejunum at doses of I 00 U/kg produced 3 significant and consistent 
increase in plasma insulin followed by a fall in blood glucose. 47 Oral aJministra­
tion of w/o/w emulsion containing insulin produced Jetinite responses in tlm.:e out 
of seven rabbits which indicated a possible means of protecting the insulin mole­
cule from proteolytic destruction and for facilitating intestinal absorption of insu­
lin. The same group of workers investigated the potential dfectiveness of w/o/w 
emulsions as oral insulin preparations for shon-term treatment of alloxan-Jiahetic 
rats. 48 A clear reduction in urinary glucose levels was observed in alloxan-diabt:tic 
rats that received insulin formubced in a w/o/w emulsil)n intrajejunally at a dmt.: 
l>f 25-50 U/ 100 g body weighc. Funher scudies are n~..:essary to elucidate lht: 
possible interaction of surfactants. oil, and Cht!rapcutic Jft!nC. Tahk 5-1 !-iUlllm~1-

rizt!s Sl>me of the multiple cmulsilrn systems that have bet!n stuJicd. 
Whilc problems of the lon:;-cerm stability of multirk emulsions have n~arly 

hc.:cn soh:ed. it is still unlikely th~1t !hcsc system,s ·wi II t-ie :.ihlc! to prnJU1.:c! pro· 
lon~eJ rdcJsc over morl! •han .:bout 6 hr ale hough tlh.'l'r~ti1..·ally. bcc;1usc.: l)f !ht.: 
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:::low dispersal of some oils from the musculature. t Fi~ure 5-1 :::?.) a sysrem ~tabi­
lized by polyml.!rs rather than surfactants might prolong the action of water soluhk 
drugs. The trjditional surfactant stabilizers. by fanning micelles in the oil pha~e 
act as carriers that speed up drug loss from the depot. 

However the protection these systems afford labile drugs from the environ-
ment and the protection afforded the tissues to irritant drugs, might be usdul 
attributes. In addition the lymphotropic properties of these emulsions given orally 
mi~ht also be of value in the formulation of dru2s that should be tar~eted to the 
ly~phatics55 regardless of any susta:ned-releas; potential the emul~ions might 

possess. 
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Automatic Multi-Cell. Multi-Lambda Membrane Permeability System 

Membrane Diffusion 

When a system is at equilibrium. the chemical potential. u-. of the system 
components is the same in all phases. If equilibrium doeJ not exist then 
there will be flow from the phases of higher chemical potential to those 
where it is lower until the equilibrium has been re-established. 

Diffusion is the process by which concentration differences are reduced by 
the flow of matter. Although the driving force for diffusion is the difference 
in the chemical potential of the components it is more usual to consider 
diffusion in !erms of concentration gradients. Fick's first law states ~hat the 
flow of matter is directly proportional to the concentration gradient. 
Equation ( 1 ). 

-D.dc 
1=-­

dx 
(1) 

where J =The Flux of a Component Across a Plane of Unit Area 

D = The Diffusion Coefficient 

de 
- = The Concentration Gradient 
dx 

Fick's second law states that the rate of change of concemration in a volume 
element within the diffusional field is proportional to the rate of change in 



the concentration gradient at that point in the field. Equation (2). 

'? 
de D.d""c 
-= (2) 
dt dx'" 

When a permeable membrane is introduced between two phases which have 
differences in chemical potential. flow between the two phases must occur 
through the membrane phase. Simple diffusion through a membrane is 
governed by Fick's laws. When a subMance enters a homogeneous 
membrane from an external phase it dissolves in the membrane material to 
form a thermodynamically stable mixture. The concentration of the 
substance within the membrane is well defined and determined by the 
activity of the substance in the external phase. This equilibrium solubility of 
a substance within a membrane can be expressed as the Partition 
Coefficient. K. 

Concentration of solute in membrane. Cm 
K=~~~~~~~~~~~~~~~~~~ (3) 

Concentration of solute in ex"temal solution. c0 

The dissolved molecules are able to share in the molecular motion \\ithin 
the membrane phase and so undergo translation within it. \\'hen a 
particular solute has an affinity with the membrane phase. the ccncentration 
of that solute can increase over that in the external phase giving a K value 
of greater than 1. A K value of unity would indicate that the solute has an 
equal affinity to either phase and a K value of less than I would indicate a 
preference of the solute for the external phase or solution. 

The diffusion of a solute through a membrane from one solution to another 
can be shown schematically by Figure I. 
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Fipre 1. The diffusion of a solute through a r.1embrane. 

The flux through the membrane from Fick's first law is 

D.(CmO - Cmc> 
1=------

i 

where Cmo = The Concentration at the Upstream Membrane Surface. 

(4) 

Cm£ = The Concentration at the Downstream Membrane Surface. 

f = The Membrane Thickness. 

By using Equation (3). for the partition coeffbent, K. of the solute between 
the two phases. the following relationships can be obtained 

Cmo = K.C0 upstream surface 

Cm£ = K.Cf downstream surface 

The flux at steady state can be expressed as 

D.K.(CO - Cf) 
1=------

( 

(5) 

(6) 

(7) 



D.K..1C 
(8) =---

f 

where c
0 

= The Upstream Bulk Concentration. 

Cf = The Downstream Bulk Concentration. 

LIC =The Concentration Difference between the two solutions. 

The values of D and Kare not often easily measured and, commonly, values 
of the Permeability Coefficient. P. are used where 

P = D.K (9) 

Thus, the mass transfer of a solute across a membrane :it steady state 
conditions can be expressed by Equation ( 10). 

dMt A.D.K-1C 
- = (IO) 
dt f 

where Mt = The Mass of Solute Transferred. 

A = The Membrane Cross-Sectional Area. 

From Equation (9) 

dMt A.P..1C 
------
dt 

and by rearranging 

P= 

f 

(dMt/dt).f 

A..1C 

( 11) 

(12) 

Thus. we have an expression for the perri1eability of a membrane made up of 
readily measurable experimental parameters. 



Figure 2. shows a typical mass transfer profile for the diffusion of a solute 
through a membrane. The time taken fo; the establishment of a constant 
rate of diffusion. or steady-state. is known as the Time Lag. l'. The time !ag. 
T. the membrane thickness. f. and the diffusion coefficient. D. can be relzted 
by the following equation 

f2 
T=--

6.D 

Tl ME. 

Bpre 2. Typical mass transfer profile for the 
diffusion of a solute through a membrane. 

( 13) 

By extrapolating the steady-state gradient back onto the time axis. a value 
for T can be obtained. Using Equation ( 13), a value for the diffusion 
coefficient. D, can be calculated. The substitution of the values obtained for 
P and D into Equation (9) will yield a value for the partition coefficient. K. 



The Automatic Multi-Cell. Multi-Lambcla Membrane Penneabilitv Svstem 

An automated 6 cell. muJtjwavelength diffusion system has been established 
in conjunction with Dr. R. Paterson's group at The University of Glac;;gow. 
The system consists of a series of up to 6 membrane diffusion cells coupled 
to a UV /Visible spectrophotometer and a computer which permits 
automatic logging of the data and calculation of the membrane 
permeabilities. The system provides a powerful and flexible tool for the 
analyses of up to 6 different sets of data at up to 6 different wavelengths 
(i.e. 6 different species can be analysed at one time). 

The diffusion cell is of the Stagnant Point Flow design. The solution is 
introduced down a central flow pipe to impinge on the membrane surface. 
breaking up any stagnant layers before mixing back dO\\'tl the cell and 
leaving at the rear. The cell has a thermostatic .,;acket for temperature 
control. The cell is assembled with the membrane clamped between t!".c! two 
cell halves using a bull-clip. The exposed membrane area is 2.27cm2 and the 
half-cell volume. 8.0ml. 

Permeability experiments are carried out by firstly circulating distilled water 
or aqueous huffer solution around the downstream or sink side of the 
membranes. The downstream loops are passed through flow-cells in the 
UV spectrophotometer (Cecil. CE 550 l Double Beam UV /Visible 
Spectrophotometer). The spectrophotometer is fitted with a six-cell unit and 
an RS 232 interface which prO\;des the link to an IBM PC. Solutions of the 
solutes under examination aie introduced on the upstream or reservoir side 
of the membranes and the diffusion of solute down the concentration 
gradient for each cell is monitored by the UV spectrophotometer. The data 
is automatically collected by the computer, processed and displayed. The 
mass :ransfer profiles obtained for each diffusion experiment can be used to 
calculate Permeability Coefficients, Diffusion Coefficients. Partition 
Coefficients and Lag Times. 

The rate of mass transfer of a solute is detemined from the gradient of the 
steady-state portion of the mass transfer profile and the permeability can 
then be calculated using Equation ( 12). 

(dMt/dt).f 
P=·---- (12) 

A.LJC 

For experimental purposes, the concentration gradient or difference. LJC. is 
assumed to be equivalent to the concentration of the reservoir solution as 
the concentration of the sink is always negligible relative to the reservoir 



concentration i.e. infinite sink condit!ons were assumed. 

The gradient of the steady-state portion of the mass transfer profile can be 
used to calculate the time lag. r. and consequently. values for the diffusion 
coefficient, D. and the partition coefficient. K. can be obtained. The 
sophisticated computer program enables this information to be calculated 
quickly ar.d easily for up to six cells and six different solutes. 

The automatic diffi~sion cell system is not only suitable for the investigation 
of our own and similar novel membrane materials but may be used for the 
evaluation of existing commercial membranes. The system is capable of 
carrying out continuous analyses over periods lasting from only a few 
minutes. up to several weeks. 

Chris Moran 
University of Strathclyde 
November 1992 



EXPERIMENT AL 

The following experimental data can be entered into the computer and 
processed for the cal~ulation of Permeability Coefficient. Diffusion 
Coefficient. Lag Time and Partition Coefficient. The operation of the 
automatic diffusion cell system will also be demonstrated. 

DATA SHEET 

Name of Operator 

Date 

Experimental Reference UNIDO \VORKSHOP 

Solute Guaiacol Glyceryl Ether 

Molecular Weight of Solute 198.20 

Solute Reservoir Concentration (mg/ml) 10.00 

Solute Sink Volume (ml) 

System Temperature (°C) 

System pH 

System Flow Rate (ml/min) 

Analysis \Vavelength (nm) 

Membrane Reference 

Swelling of Membrane (pph) 

Membrane Thickness (cm) 

Membrane Area (cmz) 

50.00 

37 

5.0 

20.00 

273.4 

PUUII/ I 05tAMG/0.45µmHV 

20.00 

0.015 

2.27 



Exnerimental Dato. 

POINT TIME(s) ABSORBANCE 

I. 0.0 0.000 

2. 313.0 0.003 

3. 701.0 0.006 

4. 1090.0 0.008 

5. 1477.0 0.014 

6. 1864.0 0.023 

7. 2251.0 0.034 

8. 2637.0 0.046 

9. 3023.0 0.061 

IO. 3409.0 0.075 

11. 3794.0 0.089 

12. 4181.0 0.104 

13. 4567.0 0.118 

14. 4952.0 0.133 

15. 5339.0 0.148 

16. 5724.0 0.163 

17. 6112.0 0.179 

18. 6497.0 0.196 

19. 6885.0 0.212 

20. 7271.0 0.227 

21. 7657.0 0.243 

22. 8042.0 0.258 

23. 8429.0 0.275 



Dr. Marion E. McNeill 
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I. Measurement of the diffusion coefficient of proxyphylline in a fully hycf:-ated 
poly(ethylene oxide) hydrogel. 

Theoiy 

The diffusion coefficient. D. of a water-soluble compound in hydrated hydrogels is a 
measure of permeability through water-swollen matrices based on Fick's Laws of 
Diffusion. Crank related the fractional release Mt/M

2 
of a solute from an infinite 

slab of thickness. f, to the square root of time, t0.s. 

Dt o.s Mt 
= 4(-) for - < 0.6 

11
f2 Moc: -

When Mt/Mo: = 0.5, i.e. the half life time. t112, this equation simplifies to 

These equations assume release of solute from the slab into an aqueous sink is 
uni-dimensional from the top and bottom surfaces and release from the edge is 
negligible. 

The value of D depends on the molecular weight of the compound. any interact: on 
between the solute and the polymer, the degree of hydration of the polymer. and the 
temperature. 

Method 

Hydrogel : PE03800/ l HT Composition. PEG Mn 3800. l rnol 1,2.6 hexane 
triol/mol PEG and the stoichiometric equivalence of dicyclohexyl methane-
4 ,4 ·di isocyanate. 

Proxyphylline (Sigma), hydroxypropyl theophylline, MW238 

Xerogel slabs a) 
b) 

thin 1.02 ± 0.02mm x 30mm x 42mm 
thick 2.85 ± 0.05mm x 30mm x 4 I ± 1 mm 

Samples a) were swollen in 6 mg/ml proxyphylline in water at 37°C to equilibrium. 
Samples b) were swollen in 2 rr.g/ml proxyphylline in water at 37°C to equilibrium. 

Caleva Tablet Dissolution Apparat1Js Model 88T conforming to US Pharmacopoeia 
XXI linked to Cecil UV Spectrophotometer 5.50 containing flow cells. Solution 
pumped by a Watson Marlow Peristaltic Pump 503U. 
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;_ max for proxyphylline : 27 3nm 
Volume of sink: 800 ml double distilled water 
Temperature of sink : 37°C 

a) Circulate distilled water through flow cell. 
Set paddle speed to 60 revs/min. 
UV spectrophotometer: Autozero at 273nm 
Read out scale 1 A, Chart speed 60s/cm. 
Scan Mode: Time course, Enter time constant, e.g. 2. 

Remove swollen slab from swelling solution. Blot surface dry with tissue. 
Drop into cell of Caleva. Press scan. When absorbance is changing slowly, 
stop scan. Remove outlet from Caleva cell. Once the tubing has emptied into 
the cell remove inlet. The following morning, measure the absorbance to 
determine M00• Calculate Mt from the At measurements for a range of times. t. 
Plot Mt/Mcxi vs t0

-5. 

For proxyphyJline IA= 25.9 µglml at 273nm 

Results 

t 
(mins) 

When Mt/M
00 

= 50% t11z = 

Xerogel thickness fd = ! .02mm 
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Swelling and expansion of the xerogel is isotropic and depends on the pol}'mer 
composition and the temperature of the water. 

for PE03800/1HT at 37"C the linear swelling factor is !.54. 

Therefore swollen hydrogel thickness, t = 1.02 x 1.54 
= 1.57 mm 
= 0.157 cm 

D = 0.0492f/t1, 2 

= 

b) The effect of thickness on the half life time could be observed by repeating 
experiment a) with a slab 3 times thicker. The half life should then be 9 times 
longer than tt12 for a). In order to fit the second experiment which illustrates 
the effect of an initially dry polymer on the release profile of proxyphylline into 
the 2 hour laboratory session. experiment lb) will be run on a sequential TIME 
PLOT program along with 2a) and 2b). 

t 
(mins) 

MJ/Moc 
(~-) 



\\'hen M 1/M:x = 50~ 
Xerogel thickness fd 
Swollen thickness t 

t112 = 
= 2.85 ± 0.05 
= 2.85 x 1.54 
= 4.39mm 
= 0.439cm 

D = 0.0492 t/ti12 

== xi O"""cm2s-1 

4 
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Release of pro:\.)-p~ylline from a dispersion in a poly(ethykne oxide) xerogel in the 
form of a) a tablet and b) a sphere. 

Theory 

Drugs can be incorporated into hydrogels by swelling the polymer with a solution of 
the drug then evaporating the solvent lea ... ir.g the drug substance trapped in the 
matrix as a uniform dispersion. When the xerogel containing the drug is rcswollen 
in an aqueous fluid the drug dissolves in the penetrating water and diffuses along the 
aqueous pathV1.'Clys and across the device boundary to the surrounding fluid. The 
main effects compared to the fully swollen systems investigated in the first pair of 
e>.periments are prolongation of the period of release which can be seen by an 
increase in the half life time. and also a flattening of the release profile. The release 
kinetics can be described by the following equation. 

M:x: 

\Vhen n = 0.5 the diffusion is Fickian. This was illustrated in Experiments 1 a) and 
I b). When n = 1 the release is zero order i.e. constant. The release profile for 
Experiments 2a) and 2b) will lie between n = 0.5 and n = 1 and is termed 
anomalous. It should be possible to calculate the value of n from the data generated 
by the following experiments. 

Method 

a) Tablet shaped xerogel : I Omm diameter 3.05 ± 0.5mm thick. 
Polymer composition : PE04050/l .2HT 

This composition has a higher Mn than the PEG 3800 used in the swollen 
releases but J.his is compensated by a small increase in the proportion of 
crosslinker so that the 2 compositions have practically the same equilibrium 
water uptake of J 86pph (parts per hundred parts dry polymer) at 37°C. 

Weight of tablets : 280 ± 4 mg 
Swelling solution concentration : 30mg/ml 
Swollen weight of tablets : 814 ± J J mg 
Dried weight of tablets : 300 ± 3 mg 

b) Spheres : 6mm diameter 
Pol}mer composition : PE04050/l.2HT 
\V eight of spheres : J 4 J mg 
Swelling solution concentration : 60mg/ml 
Swollen weight of spheres: 433 mg 
Dried weight of spheres: 143 mg 

For hath 2a) and 2b) and also I b). 

Volume of sink : 800ml 
Temperature : 37°C 
Paddle speed : 60 revs/min. 
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Circulate distilled water from 3 Caleva cells through 3 flow cells in the Cecil 
t.JV. Go to 273nm. Accessories program. Accessories. Autozero. Delay I 0 
minutes. Enter. Delay. Number of Cycles 2'S, Start (blue button). Collect data 
and final absorbance values from all 4 ex-periments, next day iri order to 
calcu;ate M

00
• 

Results 

Tablet design 

to..s At M1 I 100M1 t-t' ln(t-t'; I OOM1 _I OOM..i 
(mins' (mins)0-~ (mg) M

00 
(mins) M M. 

OD OC 

lnrooM,_ IOOM1'] 
Mo: M:x: 

. 

When M,/Moe = 50% t 1
11 = 

Estimated end of burst effect t' = 
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Sphere 

1 I t:l 5 At! Mt 11oo~{tl t-1' 1
1

1n(1-1'> 100~{1_ 100M1• inr100M1_100MtJ 
(mins~ (mins)0 •(mg) M:x , (mins) M:x M:x: l Mx M:x: J 

When Mt/Moo = 50% t•,1 = 

Plot M 1/M00 
vs time t for both the tablet and the sphere 

Is there an initial burst from surface proxyphylline? If yes. decide on the transition 
time, t '. (possibly I 0 minutes) when the release profile becomes anomalous. 

Estimated end of burst effect t' = 

In order to calculate the exponent n. which fits the release profile from t 'until t for 
60% complete the tables for the tablet and the sphere. then plot 
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(

I OOMt I OO~f~ 
In -- ---

M:io M~ 
vs ln(t-t') 

[
I OOMt I OOMj 

In -- ---
M21 Mo: 

= k + n In (t-t') 

Determine the values r• k and n from a regression program. or from the plot. n is 
the gradient and k the ::1tercep:. 

Then IOOMt = IOOM1, + k (t-t')" 
Mex M.x: 

For the tablet 
IOOMt 

(t- ) = + 
Mo: 

IOOM1 For the sphere = 
Moc 

+ (t- ) 
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Theory of the Diaphragm Cell 

In chis example che penneant molecule is an ion. Two eleccrodes sensitive co chis ion (iodide) 

are placed, one in che Top and che other in the Bottom half cell. The difference in electrical 

potential between these two electrodes is measured as a function of time during the diffusion 

experiment. 

Theory n-.quires that (in the sceady state) the permeability of the membrane may be estimated 

by the equation: 

(0+r) In - =PPt 
0-1 

the symbols are defined in the theoretical development given below: 

fmQ[ Consider the Diaphragm Cell - in which the diaphragm is a test membrane 

Nomenclature: C8 • CT Concentrations of diffusant (bottom & top) (mol cm.3) 

llC =C8 -CA 

9=C81CA 

Ve. VT Half cell volumes ( cm3
) 

A Area of diaphragm membrane (crn2
) 

I Thickness " (cm) 

J Flux density (mol cm·2s·1
) defined by Fick's Law 

f Aux (mo1s·1
) = JA 

D Diffusion coefficient of permeanc (cm2s"1) 

Experimental Conditions : 

I. The half-cell solutions are stirred continuously and are regarded as homogeneous. 

2. We consider only the (pseudo) steady state in which there is a linear gradient across the 



diaphragm. 

3. Fick· s Law applies in the membrane so that 

!lC Da 
J =D- = -(C8 -Cr) 

I I (I) 

where a = 11.C I 11..C is the distribution coef~cent for penneant between the membrane and 

solution phases. 

In the steady state the loss of diffusant from the bottom half cell equals the gain in the top, so 

that defining the flux,/, from bottom to top 

dC8 dCr 
f =--V =+-V dt . S dt . T (2) 

(3) 

ddC =dCs-dCr (4) 

d!lC _ dCs _ dCr __ j _!_+_I ) 
dt - dt dt - 1 l Vs Vr (5) 

from equation (1) 

(
DA<X JA 

f = I re= P/lC (6) 

from (5) & (6) 

d!lC = _ J(_!_+_I )]Ile 
dt ·L Vs Vr 

(11V8 ..,.. l!Vr) is a constant - defined as J3, the cell constant. 

!!:tc, ! 

J d!lC • 
t1C = - PJ3 j dt 

&- 0 0 

(7) 



~---------------------------~---- --

since dx/x = dlnx, we obuin, on integration, 

at time zero llC, = 0 = c; in this experiment 

Inc; - ln~C = P~t 

From the emf measured in this experiment we obtain the concentration DUi.Q C81Cr = 6 

where k = RTIF 

k 
E =-ln0 

n 

equation (9) deals with concentration differences llC = C8 -Cr 

(8) 

(9) 

(10) 

We can obtain the final equation - if we remember that the system is sealed, so by conserva­

tion of diffusant (we neglect the very small amount of diffusant in the membrane). 

(11) 

Let the volume ratio of the half cells be V rfV8 = r. Rewriting eqn(l 1) in terms of e and r 

and rearranging gives: 

and 

c;e 
C8 =0C1 =--

0+r 

From equations (3)(9)(12)(13), the working equation is obtained: 

(0+r) ln - =P~t 
0-1 

(12) 

(13) 
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PREPARATION OF LIPOSOMES 

Dr T L Whateley, 
Department of Pharmaceutical Sciences, 
University of Strathclyde, Glasgow G1 1XW. 

The general features involved at the molecular level in the preparation of 

liposome are shown in the following Figure 

0 0 
snaking 

® 

Si layer 



A summary of methods which are generally used for liposome preparation is 

given in this Figure . Some of these will be considered in more detail. 

I Aaueous phase + solution in organic sorvent I I Film casting via crganrc solvent I 

J 
WIO emulsion I Freeze-dried from organic soiVent I 

\--- 1-
\ MLV 

RE>-//SPLV/MW MLV/SUV 

Mixea micellar \ I Lipid particies in 
solution aaueous discersron 

"rgemremoval /~Dbnq 

SW" I 0 ~ /UVnJLV --

0 o 



Perhaps the original method and a simple and staightforward one is the 

Dried-Film method illustrated in the diagram here. This is the method that will be 

demonstrated in the practical session. Several of the stages in this method are 

common to all methods e.~. removal of unentrapped drug and analysis and quality 

control. 

Drying 
~wn 

/"'Q 
Analysis 

Stages common to all med1ods of preparation of liposomcs. 

One method of producing small liposomes is shown in this Figure where a 

Micro-fluidiser is used. 

Filter 

air 
1n 

lnteract1on 
chamber 

air 
out 

Reservoir 



The suspension of large liposomes ,(either LUV's or MLV's) is pumped at 

high pressure into an interaction chamber.here.the flow is separated into two 
streams which collide with each other at high velocity.Large liposomes are broken 

down into smaller vesicles:these may be re-cycled throuh the system until the 

required size is obtained. 

NuclP.opore filter membranes have a pores of uniform diameter wheras 

normal Millipore type filters are of the tortuous path type as illustrated in the Figure 

By extruding large liposomes through Nucleopore filters (perhaps several 

passes).liposornes of a similar size to the membrane pore size and wiih 

reasonable monodispersity can be obtained. 

Tortuous Jmh membr.lnc. Compare the difference in size and shape oflhe pores of dais membrane 

with that of the n·•deation track mcmbr.anc: 

l 
Nitrogen 

,,.-_.II.___ 

........ . .. . . ... . .. . ... . .. . .. . .. . . . . 

........ 
······ ...... -· 

Nucleopore Polycarbonate 

Small 
ML Vs 

Membrane 

LiPfM"'C sizinp: by exrrusiun rhrou~h Nucleporw: mcmbl'2nes. 
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SIZING OF MICROSPHERES AND AEROSOLS 

Dr T L Whateley and Pauline Fallon 

Department of Pharmaceutical Sciences! 
Unirersity of Strathclyde, 
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PARTICLE SIZE DETERMIMATION OF AEROSOLS AND MICROSPHERES 

For particles and droplets in the size range 2-1000 um the same 
method can be used: 

MALVERN MODEL 2600 LASER DIFFRACTIOll PARTICLE SIZER 

A diagram of the insrument is shown below. 

Beam 

expander 

. . 

Fourier Multi-element 
transform detector 

lens 

-I;--
- - - -

Particle stream 
Signal 

processor .__ .. 

r 
Ha~dcopy~ 
pnnt out L..J 

Schc.-m;1lic Ji:t!?ram 11f rhc: !\tal\·crn parriclc and dropkl '17c:r 

Once the sizer has been set up the following sequence of commands 
can be used to size both aerosols and suspensions of micro-
spheres. 

ALI Align 

MEA BAC Measure background 

INS SAM Inspect Sample to adjust cone. of a suspension 

MEA SAM Measure sample {inject aerosol into beam) 

CAL RES Calculate results 

SAVE DAT,l 

DIS RES Display results 

PLO HIS Plot histogram 

PRI Print 



Y. 51 

11~_._..~ ....... .......:~~~~~...--~_,.. ........ ~ ....... --~ 
1 11 118 1888 

Pil'ticle size (UR), 

l'lal•_.e.,.n Inst-ru•ents MASTER Pa-rticle Size.,. l't3.1 Date 01-01-80 Ti•e 02-SS 
-------------------------------------------------------------------------------

Size Size band Result sou-rce=Sa•ple 
Microns % under Mic"l'ons % I Record No. = 1 

----------------------------------------------------! Focal lenqtt = 63 M•-
118.4 100.0 Exper1•ent type pil 

5-4.9 89.g 118.4 
33.7 26.5 54.9 

54.9 
33.7 

10.l 
63.-4 

Uolu•e dist"l'ibution 
I<eaM length = 14. 3 rttM. 

23.7 8.7 33.7 23.7 17.8 Obscu·r"'tion =0.1400 

17.7 8.3 23.7 17. ~· O • .it IJolu•e Cone. = 0.0103 " 
13.6 4.2 17.7 13.6 4. l Log. Di ff. =4.S8 

10.S 2.S 13.6 10.s l. s Model indo 

8.2 2 .:-oJ 10.S S.2 1.). v 
6.4 2.S 8 ,, . .::: 6.4 o.o D (v, O. 5> = 40.4 ~"" 
5.0 2.5 6.-4 s.o 1.). 0 l)(• ... 0.9) = 54.9 \IM 

3.'3 
., . ....... ~.o 3.9 o. ·:> D(v.0.1> = 26.0 ~'"' 

3.0 1. 5 J.9 3.0 0.9 D<4 • .3> = 36.4 UM 

2.4 o.o 3.0 2.-4 l. s D<3.2> = 23. t. ~IM 

1 •• , -o.o 2.4 1 •• , o.o Sp"'n = 0.7 

1.5 -0.•J 1.9 1. 5 o.o Spec. su·rf. a·rea 

1.2 -•:>.O 1. s 1. 2 o.o 0.11 sa. •·/cc. 

-------------------------------------------------------------------------------
Santple details:-ned c~2498v m1cron1sed ip~ tween ao probe sonicated 
22/S/91 
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PREPARATION OF MICROSPHERES 
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METHOD I. Oil-in-Oil 

The oil-in-oil emulsion method (using acetonitrile + 
SPAN-40 in light liquid paraffin, stirring with 
Silverson at 690 rpm for 2 hours at 55°C under N2) 
yielded microspheres of adequate loading for the 
water soluble MMC but was not suitable for the 
preparation of small microspheres (<50µm). 

Oil Phase I Oil Phase II 

a) Light paraffin oil 
{LPO) {250g) 

b) Span-40 (2o/o) 

a) PLGA - (1g) 
b) CH3CH {15ml) 

Add oil phase II to oil phase I 
under constant stirring at 

700rpm at 55°C in water 
bath for 1112hrs under N2. 
Allow to stand for 2 hrs. 

Decant 
Wash LPO (150ml: 55°C) x1 
Wash Pet.Ether {50ml:20°C) x3 
Wash PBS pH7.4 {30ml:20°C) x1 
Vacuum filtered {Whatmans No.1 
filter) and dried. 

Weigh, pack In gl8u vtals .nd 
store at room temperature. 



METHOD II. Oil in Water 

The oil-in-water emul·sion method not previously 
investigated for MMC (using dichloromethane, 
polyvinyl alcohol, and sodium chloride in water 
saturated with MMC stirred at room temperature with 
an overhead paddle at 330 rpm for 4 hrs) yielded 
microspheres of suitable size (40-50µm) and surface 
properties (i.e. hydrophilic) and of adequate loading 
of MMC. Solutions were decanted, filtered and dried 
under vacuum. Release rate studies were 
performed using U.S.P. Method II and HPLC assay. 

Aqueous Phase 

200 ml dist. H20 
2.4g NaCl 

Oil Phase 

O.Sg PLA 

10ml CH2Cl2 4.0g PVA 

Add oil phase at aqueous 
phase under constant 
stirring at 330 rpm at room 
temperature (4 hours) 

Leave overnight to sediment 

Decant 
Vacuum filter using Sum filter 
and wash (1 Oml H20f and 
transfer onto Whatmans No. 1 
filter to dry by air suction for 30 
min. 

Weigh, pack in glass vials and 
store at room temperature 
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METHOD III WATER-IN-OIL-IN-WATER 

WATER OIL PHASE 

+ PROTEIN + PLGA 
10% 

lml lOmi 

WATER-in-OIL 

EMULSION 

AQUEOUS PHASE 

+PVA lOOml 

WATER-in-OIL-in-WATER 

EMULSION 

t 
EVAPORATE ORGANIC 

SOLVENT 



ADVANTAGES 

PROBLEMS 

ADVANTAGES 

PROBLEMS 

. . 

. . 
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OIL IN OIL METHOD 

good tor water soluble drugs 

difficult to prepare small 
microspheres 

aggregate in aqueous solutions due 
to hydrophobic surface 

OIL JN WATER METHOD 

. . 

. . 

good for lipophilic drugs 
wide range of sizes readily prepared 
easily re-suspended (hydrophilic 
surface) 

poor drug loading for water soluble 
drugs 



• 

• 

MICROENCAPSULATION WITH 

ETHYLCELLULOSE 

SUSPENSION OF DRUG IN CYCLOHEXANE 

ATBo" PLUS 

ETHYL CELLULOSE 

cool slowly 

l 
DRUG PARTICLES COATED 

WITH ETHYLCELLULOSE 

~ 
isolate, wash 
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DEMONSTRATION OF GAMMA-CAMERA 

Professor C.G. Wilson 

Department of Pharmaceutical Sciences, 
University of Strathclyde, 
Glasgow G1 1XW . 




