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p e r f u m e  c o m p u t e d ?
One day it is sure to happen. Someone will 
devise a method by which a computer may be 
programmed with perfumery components . . .  for 
ylang ylang, read 00/426/33... so that it will 
produce formulations to order. "A medium- 
heavy compound for use in a face powder; price 
ceiling 72/6d per pound? Certainly." Buttons 
are pressed, switches are thrown, needles on 
dials quiver and rest. Hey presto! Bouquet 
FP/725/9931
But where will be the human quality of artistry? 
a b r a c  perfumers can produce a perfume to 
order, and within the cost limitations of the end 
use. And artistry will be there in full measure.

A. BOAKE, ROBERTS & CO. LTD. 
LONDON E.17. LARkswood 5454 
M em ber o f  the Albright & W ilson Group 
o f  Com panies

Computer photographed at A.E.I. London Computer Centre



How are scents captured? Certainly not like that. You don't need a 
butterfly net. You do need expensive, shining apparatus, large laboratories, 
and the experience of many decades. In other words, you need everything 
Haarmann + Reimer has In order to supply the cosmetic industries of the 

i world with first-class perfumes. We have captured many scents.
We have captured good scents. Our perfume oils will make your next 
cosmetic product a great success!

Haarmann + Reimer GmbH, Holzminden/Germany
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MOISTURIZERS
amerchol® — sterol extracts. 
Amerchols such as L-101, CAB, 
C, H-9 and BL are a family of 
hypoallergenic lanolin derived 
products designed to provide a 
wide range of moisturizing and 
other valuable effects. Amerchol 
L-101, for example, is a superb 
emulsifier, emollient, stabilizer, 
and a powerful free sterol de
pressant of interfacial tension. 
amerlate® P — isopropyl lano- 
late. Emollient ester of lanolin 
fatty acids. A particularly ef
fective conditioner, lubricant 
anti softener, functions as a 
moisturizer by holding water to the skin in emulsified form. Melts at body temperature to 
form a nongreasy protective 
film.

SOLUBILIZERS
solulan® —ethoxylated deriva
tives. Water soluble, yet emol
lient! Solubilizers of great gen
eral utility. Impart excellent 
plasticizing, lubricating, condi
tioning and pigment wetting 
qualities at low concentration.

SOFTENER
ACETUEAN® _  acetylated lano- 
lin alcohols. Nonoily hydro- 
phobic liquid emollient. Soft
ens and lubricates, leaving a persistent velvety afterfeel that 
is truly remarkable.

EMOLLIENT
modulan® — acetylated lano
lin.+ Skin protective emollient 
with decided advantages over 
lanolin. Hypoallergenic, almost 
odorless, nontacky. oil soluble, 
and hydrophobic. Excellent for 
emulsions, soaps, baby oils, and 
brilliantines.

ENRICHERS
viscolan® — dewaxed lanolin. 
Supplies all the natural bene
fits of lanolin in intensified, 
convenient liquid form. Oil 
soluble, low odor and color. 
WAXOLAN® — lanolin wax frac
tion. Adds gloss and grooming 
effects. Stabilizes emulsions. In
creases melting point, viscosity 
and consistency. 
cholesterol usp — pure white and practically odorless. Suit
able for the most exacting uses 
in pharmaceuticals and cos
metics.
UNSATURATES
POLYLAN® — essential polyun
saturate. Liquid wax ester. Com
bines the natural benefits of 
linoleic acid with the softening, 
protective, and conditioning 
properties of lanolin’s most ac
tive components. 
ricilan®— lanolin ricinoleates. 
Provide valuable new skin ori
ented properties. Unusual com
binations of selected lanolin 
alcohol and castor oil com
ponents designed especially for 
lipsticks.

ANS WE RS
waiting for problems
AmerchoP lanolin derivatives have been developed for specific 
functional effects in formulations, and we have these shelves 
of finished, tested preparations which may be the answer to 
your formulation problem.
If the answer to your particular problem isn’t here, we are 
prepared to put our extensive experience in formulating with 
Amerchol lanolin derivatives and other cosmetic raw materials 
to work for you. There is no cost or obligation for this con
fidential service.

Cfimerchol
\ y l f r  A M E R IC A N  C H O L E S T E R O L  P R O D U C T S , IN C .

Technical data and samples available 
from D. F. Anstead Ltd., exclusive 
sales agents in the United Kingdom.

A m e r c h o l  P a r k E d is o n ,  N e w  J e r s e y

iii
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64 EXP II 21

raw materials for

P R E P A R A T I O N  
O F  C U R L I N G  
S O L U T I O N S
Ammonium Thio lactate
5 0 %
O p a le s c e n t  B a se  R. P.

P R E P A R A T I O N  
O F  C R E A M S ,  
M A K E - U P S ,  ETC.
I s o p r o p y l  L a u r a t e
- Isopropyl Palmitate - 
G ly c o l  M o n o s te a ra te  
Glyceryl Monostearate
- Iso p ro p y l  S t e a r a t e  - 
I s o p r o p y l  M y r l s t a t e  
I s o p r o p y l  A d i p a t e  
Fatty acid esters on request 
O n c t u r o n e  
S t e a r o n e  c.

P R E P A R A T I O N
O F
D E P I L A T O R I E S
S t ro n t iu m  Thio lactate  
specia l for depilatories. 
As well as raw materials 
for Perfumery & Speciality 
bases

SOCIÉTÉ DES USINES CHIMIQUES

R H O N E - P O U L E N C
PARIS/FRANCE

Telex : RHOOIA-PARIS 20 923

Sole importers for U. K. : 
Messrs. WILSON & MANSFIELD LTD. 
48 Gresham Street. LONDON E.C.2. 

tel : MONarch 0781



f ;
r a g r a n c e  o f  o u t s t a n d in g  b e a u t y  

t h e  i n d i v id u a l i t y —  t h a t  c a n
c o s m e t i c  . . .  o r  a  c o m p l e t e  l in e !

a d d s  th e  d is t in c t iv e  c h a r a c t e r —  

b r in g  s u c c e s s  t o  a p e r f u m e  o r

G i v a u d a n ’s d e m o n s t r a t e d  c r e a t iv e  s h i l l ,  its  u n u s u a l  v a r ie t y  o f  

f r a g r a n t  m a te r ia ls ,  its  w o r ld -w id e  a f f i l ia t i o n s  a n d  its  m a r h e t  

k n o w - h o w  a re  a ll  c o - o r d i n a t e d  t o  b r in g  y o u  f r a g r a n c e s  o f  
u n iq u e  n e w  b e a u t y  a n d  o r i g i n a l i t y —  m a d e - t o - m e a s u r e  f o r

WHYTELEAFE • SURREY • PHONE : UPPER WARLINGHAM 2241



R eplica  o f  p erfu m e b o ttle  
used in th e y e a r  1768

SINCE 1768 the House of Chins 
has dedicated itself to the Fifth 
Sense. In the development of 
Essential Oils, Floral Absolutes, 
Chemical Isolates, Synthetic 
Chemicals, and all those 
creations and specialties which 

combine industrial aromatics with 
natural products and produce 

fragrance, the House o f Chiris has 
a cherished history. Today Chiris 

maintains laboratories headed 
by experienced chemists who have 

available to them not only the 
accumulated knowledge o f generations 

of Chiris perfumers and chemists, but 
also the research facilities of five modern 

laboratories located in Grasse and Paris, 
London, Sao Paulo (Brazil), and New York 

City. Whether Essential Oils, Isolates, or 
combinations thereof are used as fragrance 

constituents by the perfumery, soap, cosmetics or 
allied industries, we are happy to be consulted.

B R I D G E  H O U S E ,
T A D W O R T H ,  S U R R E Y

GRASSE • PARIS ■ N EW  Y O R K  • SAO PAULO

vi



Croda's new booklet on 
Polawax Emulsifying Wax
brings you up-to-date on 
emulsions with over 100 
tested formulations 
write for free copy and 
generous testing sample

C r o d a London New York 
Milan Dusseldorf

Croda Ltd 
Cowick Hall 
Snaith Goole 
Yorkshire 
Tel Snaith 277

Vll

W
ilson



GENERAL NOTICES
Publication dates: The “ Journal of the Society of Cosmetic Chemists” is published every four weeks. 

Five issues for the Society of Cosmetic Chemists of Great Britain 
by Pergamon Press Ltd., Headington Hill Hall, Oxford, England.

Six issues by the Society of Cosmetic Chemists
from 201 Tabor Road, Morris Plains, N.J., U.S.A.

Two issues by the Gesellschaft Deutscher Kosmetik-Chemiker, e.V. 
from Hamburg-Grossflottbek, Beselerstrasse 1, Germany.

Issue No. Publication Date Country of Origin
1 8th January Great Britain
2 5th February U.S.A.
3 4th March U.S.A.
4 1st April Great Britain
5 29th April Germany
6 27th May U.S.A.
7 24th June Great Britain
8 22nd July Great Britain
9 19th August U.S.A.

10 16th September U.S.A.
11 14th October Great Britain
12 11th November Germany
13 9th December U.S.A.

Advertisements : All enquiries regarding advertisements in the British Editions of the Journal should 
be addressed to Mr. J. V. Robinson, Pergamon Press, Ltd., 4 & 5 Fitzroy Square, London, W.l.

Subscription : All members of the Society of Cosmetic Chemists of Great Britain receive one copy of 
each edition free. Further copies at non-member rates. Non-members : £10 per annum, 
post free, or £1 per issue, post free.

Missing Numbers : Journals are despatched at Printed Paper rate. Claims for missing numbers can 
be entertained only from subscribers in the country of origin of the particular issue, and must be 
made within 30 days from date of issue. Members and subscribers are urged to give notice of 
change of address to the Publication Offices.

Responsibility for statements published : The Society of Cosmetic Chemists of Great Britain and its 
Hon. Editor assume no responsibility for statement or opinions advanced by contributors to this 
Journal.

Lectures : The Society shall have the right of first publication of any lecture or address delivered 
before it, but does not undertake to publish any given matter.

Copyright : Reproduction of synopses, duly credited to the authors and T he J o u r n a l  of th e  So c ie ty  
of Cosm etic  Ch e m ist s , is permitted. Digests of articles not exceeding 400 words may be 
published, duly credited to the author and T he  J o u r n a l  of  th e  So c ie ty  of  Cosm etic  Ch e m ist s . 
Reprinting or extensive copying (whole pages or articles) is forbidden, except by special permission 
in writing, from the Hon. Editor. Any republication must indicate the source of the original 
paper. The copyright of all papers published in the British Edition belongs to the Society of 
Cosmetic Chemists of Great Britain. Authors must obtain written permission from the copyright 
holder to reproduce illustrations or quotations from other sources.

Manuscripts : These should be in accordance with the “Directions for Preparation of Manuscripts,” 
copies of which are available from the Hon. Editor, Ashbourne House, Alberon Gardens, London, 
N.W.ll.

4TH I.F.S.C.C. CONGRESS
The 4th I.F.S.C.C. Congress will take place in June 1966, in Paris. 

Anyone wishing to submit a paper should contact the Société Française 
de Cosmétologie, Maison de la Chimie, Rue Saint Dominique, Paris V ile , 
France.
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F - A N S T E A D  L T D .
VICTORIA M F u ii w i

Telephone: Romford 44216-7 Cables : Anstchem, Romford 
U.K. Agents for Whittaker, Clark & Daniels, Inc., New York
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S C H IM M E L  I N T E R N A T I O N A L  L T D .
Stirling Road, Slough, Bucks. Slough 26864 

Cables: Coschimmel Slough-Bucks

E s s e n t ia l  O ils  a n d  

A ro m a t ic  C h e m ic a ls

fo r  a l l  p u rp o se s

THIS COMPANY IS A W H O LLY O W NED SUBSIDIARY  

OF

Schimmel and Company, Inc., le w  York



S e n d  f o r  y o u r  c o p y  o f  o u r  n e w  c a t a l o g u e  GUIDE FOR THE PERFUMER t o - d a y

Sole selling agent fo r the United Kingdom and Eire

P .  T .  P e t l e y  &  C o .  L t d .
9 St. Cross Street, London, E.C.I

Telephone : HOLborn 4771 T 6  N IN TH  A V E „  N E W  Y O R K , N .Y . 10011

fo r  c r e a t iv e  p e r fu m e r y



COLOURS
F O R  C O S M E T I C S

M A N U F A C T U R E D  A T  H O U N S L O W

I n c l u d i n g  certified D .  &  C .  c o l o u r s

R a n g e s  f o r  a ll  t y p e s  o f  c o s m e t i c s

Lakes Dyestuffs Iron Oxides 

Inorganic Pigments

WILLIAMS ANSBACHER LTD .
HIBERNIA ROAD HOUNSLOW

MIDDLESEX
Phone: HOUnslow 7766 Telex: 262002



Distillates for  sale
w e  a r e  n o t  o n l y  p e r f u m e r s  -  we are manufacturing chemists in steady pro
duction with a range o f  Aromatic Chemicals and Specialities which we both use 
ourselves and sell to other Perfumers all over Europe. In these 
Stills we make a variety o f standard Perfumery ingredients 
which we can supply o f consistently high quality because o f the 
scale o f our production and the advanced techniques we use.
W e can also supply a number o f Specialities o f our own devising 
-  not, as far as we know, obtainable anywhere else. Standard or 
Special, by the ton or by the kilo, we can give you keen quota
tions, and quick deliveries.

P R O P R IE T A R Y  P E R F U M E S  L IM IT E D
A S H F O R D  • K E N T  * E N G L A N D  * Telephone: Ashford 2181. Telex: 89129

xiii



‘Vcritone’ *, with its rich, sweet odour, is unique 
in its versatility and persistence, and in its ability 
to exalt and enhance other fragrances. In the 
creation o f  distinctive compounds for cosmetics, 
perfumes, soaps and aerosols, ‘Veritone’ can be 
used with flair and with confidence.

M&BBRAND
PRODUCTS

M A Y  & B A K E R  L T D  • D A G E N H A M  • E S S E X
Tel: DOMinion 3060 Ext: 355

*  trade m a rk  a a  647
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ANY 
RESEMBLANCE 
TO THE 
ORIGINAL 
IS DEFINITELY 
INTENTIONAL !

Such  is the ingenuity of man that even the glittering beauty of the diamond 
can be reproduced so as almost to defy detection. Q  In the field of perfumery

Bush have long been masters in 
recreating fragrances which are 

amazingly true to those created by Nature herself. Such  
scientific skill is the result of painstaking research and 

continuous experiment — backed by over a century of 
experience. Today, the authority which we command in the 

realm of aromatics is acknowledged 
by customers far and wide. No wonder 

that Bush is the ally of so many 
of the finest creative perfumers.

P e r f u m e r y  B a s e s  ■ Essentia l O il s  ■ Isolates
\ y /   W. J. Bush & Co. Ltd. • Ash Grove. Hackney. London • Tel: CL11234

X V



A  V i t a l  N e w  
P e r g a m o n  P u b l i c a t i o n

Advances in Biology of Skin
Volume 6—Aging
Proceedings of the Symposium held at the University of Oregon 
Medical School, 1964
Edited by W . M ontagna, University o f Oregon Medical School

The progressive deterioration of his skin Is one of the most direct 
indices of man's age. Changes occur at all levels in the skin, 
from the physicochemical properties of the connective tissue to 
the population density and the function of the adnexa. In 
spite of extensive and diversified studies, progress in our 
understanding of aging skin has been slow. Th is book brings 
together some of the varied disciplines which have been used in 
the study of aging phenomena, and covers morphology, 
biochemistry and physiology.

C ontents:
Morphology of the aging skin: the cutaneous appendages;
Effects of aging on the papillary body of the hair follicles and on 
the eccrine sweat glands; Age changes in the human melanocyte 
system; Nerve changes in aging skin; The effects of aging on 
the receptor organs of the human dermis; The anatomy of 
the human scalp ; The effect of aging on the activity of the 
sebaceous gland in man; The effect of age on human eccrine 
sweating; Effect of aging on human dermis. Studies of thermal 
shrinkage and tension; Percutaneous absorption in aged skin; 
The effect of topical steroids on the aged human axilla; i
Alterations in human dermal fibrous connective tissue with age 
and chronic sun damage; Human cutaneous acid mucopoly
saccharides: the effects of age and chronic sun damage; 
Temporal changes in collagen—aging or essential maturation?; 
Biophysical aspects of aging in connective tissue ; The chemistry 
of elastin and its relationship to structure; Structure and 
metabolism of skin polysaccharides.
A p p ro x . 300 pages/Autum n 1965 
A p p ro x . 100s./Approx. $15.00.

Offered for sale in the bookshops of

R o b e r t  M a x w e l l  &  C o .  L t d .
4/5 Fltzroy Square, London W 1; Waynflete Building, Oxford;
2/3 Teviot Place, Edinburgh 1; 2/3 Richmond Street, Glasgow C1 ; 
44-01 21st Street, Long Island City, New York 11101; 24 rue des 
Ecoles, Paris Ve; Kaiserstrasse 75, Frankfurt-am-Main; and ail 
other reputable bookshops throughout the world.

xvi



D o  y o u  realise G L O V E R S  T e c h n i c a l  I n f o r m a t i o n  
B o o k l e t s  m a y  have  t h e  a n s w e r  to y o u r  p r o b l e m ?  
H a v e  y o u  received c o p i e s  o f : —

“ T E X O F O R S  A N D  F O M E S C O L S "  giving information and advice 
concerning the use of these 100 Polyoxyethylene Non-Ionic Surfact Active 
Agents in

OINTMENT AND EMULSION B A S E S  (CETO M A CRO G O L 1000 BPC ) 
CO LD W A V E EM ULSIONS 
CO LD W A V E N EU TR A L ISER S  
E S S E N T IA L  O IL SO LU B IL ISA T IO N

" C O L L O N E S ”  An ionic, Cationic and Non-Ionic Self-Emulsifying Waxes 
for Cosmetic and Pharmaceutical preparations. This Booklet highlights:—

C O LLO N E N I (C ETO M A C RO G O L EM ULSIFYIN G W A X BPC )

“ M O R P A N S ” —“ LO N G  C H A IN  Q U A T E R N A R Y  AM M ONIUM  CO M 
P O U N D S ”  describes the uses of eleven Quaternary Ammonium 
Compounds and detailing applications in Pharmaceutical and Cosmetic 
formulations. Information includes specific advice on the use of 
“ M O R PA N  C H S A ”  (CETRIM ID E PO W D ER BP) and “ M O R PA N  B B  
(G R A D E  A )”  (BENZALKON IUM  BROMIDE BPC)

“ S O LU M IN S  IN B A C T E R IC ID A L  P R E P A R A T IO N S ”  cites the use 
of Solumin Anionics in Antiseptics, Surgical Scrubs and Hand Washing 
Liquids.

These interesting Booklets are available from:—

GLOVERS (CHEMICALS) LIMITED,

WORTLEY LOW MILLS, WHITEHALL ROAD, LEEDS 12

IN THE UNITED KINGDOM— Our local Chemist/Representative will be 
pleased to visit those seeking specialised advice.

OVERSEAS—Local Agents in Australia, Bergen, Durban, Gothenburg, 
Milan, New York, Rotterdam.

XVII



F o o d  a n d  C o s m e t i c s  
T o x i c o l o g y
Ed ito r : L . Golberg 
Assistant Ed ito r : A . J . Cohen

This outstanding journal, published for the British Industrial 
Biological Research Association, will be of great value and 
interest to those scientists who need to be fully informed 
of the current trends in food and cosmetics toxicology.
The subject is discussed under the following headings :

Research Section : contains original research articles that 
will keep toxicologists and other scientists abreast of the 
most recent advances in the field.
Review Section : provides information on papers dealing 
with the biochemical, pharmacological, toxicological, 
medical and veterinary aspects of the subject.
Inform ation Section : divided into the following 
sub-headings— Legislation : deals with world changes in 
legislation relating to food additives and contaminants, 
cosmetic and toilet preparations, etc.
Articles of General Interest :—discussions of more general 
topics and of papers appearing in other journals reflecting 
progress and opinion in toxicology.
Toxicology : Abstracts and Comments :—These are more 
than mere digests of papers published throughout the 
world ; they are invariably more lengthy than orthodox 
abstracts, containing all the salient facts to be found in the 
original article plus the comments of the Editor and his 
colleagues.
Summary of Toxicological Data
Letters to the Editor Book Reviews Forthcoming Papers

Bi-Monthly
Write n ow  fo r  S p e c im e n  C o p y  a n d  d e ta i l s  o f  s u b s c r ip t io n  r a te s

P ER G A M O N  PRESS
Headington Hill Hall, Oxford, England
44-01 21st Street, Long Island City, New York I I 101, U.S.A.



T H E  P U R S U IT  O F
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To assure the technical excellence of its 

creations, IFF's world-wide application 

and technical service laboratories utilize 

the skills of 32 people for the express 

purpose of testing flavours and fragrances 

specially designed for consumer products.

INTERNATIONAL FLAVOURS & FRAGRANCES I.F.F. (Great Britain) LTD

Crown Road, Southbury Road, Enfield, Middlesex. Tel: HOWard 5331-5 
Creators and Manufacturers o f  Flavours. Fragrances and Arom atic Chemicals

A R G E N T I N A  A U S T R I A  B E L G I U M  B R A Z I L  C A N A D A  F R A N C E  G E R M A N Y  G R E A T  B R I T A I N  I T A L Y  

J A P A N  M E X IC O  N E T H E R L A N D S  N O R W A Y  S O U T H  A F R I C A  S W E D E N  S W I T Z E R L A N D  U S A



Creators and M anufacturers o f  Flavours, Fragrances and Aromatic Chemicals
ARGENTINA AUSTRIA BELGIUM BRAZIL CANADA FRANCE GERMANY GREAT BRITAIN ITALY JAPAN MEXICO NETHERLANDS NORWAY SOUTH AFRICA SWEDEN SWITZERLAND USA



SYNOPSES FOR CARD INDEXES
The following synopses can be cut out and mounted on 5" x 3" index cards for 

reference, without mutilating the pages of the Journal.

The preservation of ophthalmic preparations: M. R. W. B r o w n  and
D .  A. N o r t o n .
Journal o f  the S o ciety  o f  C osm etic C hem ists 16 369-393 (1965)
Synopsis—The chemical and physical factors involved in ophthalmic 
formulations have been considered briefly. The problems of sterility for 
ophthalmic preparations have been discussed and the evidence relating to 
the activity of several preservatives examined. Chlorocresol, chlorbutol, 
benzalkonium chloride and chlorhexidine were shown to have scientific 
support for use as ophthalmic preservatives.

Hygiene in manufacturing plant and its effect on the preservation of 
emulsions: D o r e e n  L. W e d d e r b u r n .
Journal o f  the S o ciety  o f  C osm etic C hem ists 16 395-403 (1965)
Synopsis—Emulsions, which under normal circumstances are adequately 
preserved against microbial decomposition, can and often do break down 
when unusually large numbers of micro-organisms are accidentally intro
duced. The origins of excessive contamination frequently lie in the resin 
beds of demineralized water units, in filters, and in poorly designed plant 
which cannot be cleaned and sterilized effectively.

Precautions can be taken to avoid circumstances in which bacteria and 
fungi can multiply in manufacturing plant, and the best ways of guarding; 
against this are the elimination of “ blind ends”  and dead spaces in equip
ment, and meticulous attention to plant cleaning and sterilization. The 
washing of machinery with warm detergent solutions is often inadequate 
because residues of emulsion diluted with the wash-solution can provide a 
favourable environment for rapid microbial growth in stagnation areas.

Lessons in good plant design and hygienic practice can be learned from 
the food industry where good housekeeping is essential in the avoidance of 
spoilage. Modern pharmaceutical and cosmetic emulsions are more 
susceptible to microbial decomposition than they were in the past, because 
many new materials are biodegradable, and consequently more rigorous 
standards of cleanliness, and sterility are now needed in manufacture.

The sebaceous glands: F .  J. E b l i n g .
Journal o f  the S o ciety  o f  C osm etic C hem ists 16 405-411 (1965)
Synopsis—The structure, mode of secretion, distribution and development 
of the sebaceous glands are reviewed, the composition of sebum is des
cribed, and its function is debated. The actions of androgens, oestrogens, 
and progestogens on the sebaceous glands are discussed. It is concluded 
that while traditional views of the function of the sebaceous gland may be 
challengeable, the gland is far from vestigial in structure and, moreover, its 
sensitivity to male hormones is no less than that of the accessory male 
sexual organs. For these reasons a functional status for the gland ought 
to be assumed, though it is possible that this is not yet fully understood.

2
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The Preservation of Ophthalmic 
Preparations

M . R . W .  B R O W N  a n d  D . A . N O R T O N *

Presented at the Symposium on “Preservatives and Antioxidants”, 
organized hy the Pharmaceutical Society of Great Britain and the Society 
of Cosmetic Chemists of Great Britain, in London on 17th November 1964.

Synopsis— The chemical and physical factors involved in ophthalmic formulations have 
been considered briefly. The problems of sterility for ophthalmic preparations have been 
discussed and the evidence relating to the activity of several preservatives examined. 
Chlorocresol, chlorbutol, benzalkonium chloride and chlorhexidine were shown to have 
scientific support for use as ophthalmic preservatives.

O phthalm ic preparations should  be m ade so as to  preserve them  
against physical, chem ica l and b io log ica l changes w hich  m a y  m ake them  
less effective therapeutically . T he pharm acist m ust form ulate such 
preparations w ith  attention  to  m an y factors, m ost im portant o f w hich 
are ton icity , p H , stability , v iscosity  and sterility. It is proposed briefly 
to  consider the chem ical and physica l factors in v o lv ed  in  ophthalm ic 
form ulations and to  investigate m ore fu lly  the problem s o f sterility  and 
preservation  against m icro-organism s.

P h y s ic a l  a n d  Ch e m ic a l  F actors 

T onicity
L achrym al fluid is isoton ic with b lood  and has a ton icity  equivalent 

to  that o f 0 .9 %  sodium  chloride solution. R iegelm an and V aughan (1) 
have qu oted  results o f their ow n, and o f other workers, show ing that an

*School of Pharmacy, Bristol College of Science and Technology, Bristol 7.
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ophthalm ic solution  m a y  safely  range from  the equivalent o f 0 .7 %  to
1 .5%  sodium  chloride. M ost ophtha lm ic drugs have high m olecu lar 
w eights, and m ay usually be added  to  an isoton ic vehicle w ithout altering 
the ton ic ity  to  pain fu l levels. This applies particu larly  to  eye drops used 
in sm all volum es ; large volum es o f eye lotions should be a pprox im ately  
isotonic.

Hydrogen ion concentration
N orm al tears have a p H  o f about 7.4. T h ey  have the ca p acity  to  

bring the p H  o f an unbuffered solution  at pH  as low  as 3.5, or as high 
as 10.5, to  w ith in  tolerable lim its instantaneously (1). M ost ophtha lm ic 
drugs, e.g. alkaloidal salts, in distilled w ater or isoton ic saline have a 
negligible buffer ca p acity  a lthough som e drugs, n ota b ly  salts o f p ilocarp ine 
and epinephrine, m ay overtax  the buffer capacity . The U nited  States 
N ational F orm ulary  X I  recom m ends a 2 %  boric acid solution  (about 
p H  4.7) as a general ophthalm ic vehicle. This solution w ill tend  to 
neutralize alkali leached from  the glass container, it has a satisfa ctory  
ton icity , and is at a p H  where m ost ophthalm ic drugs are stable to  au to
claving as w ell as being therapeutically  active. T he U nited  States 
Pharm acopoeia  X V I  recom m ends an isoton ic phosphate buffer as an 
ophthalm ic veh icle in add ition  to  b oric  acid  solution.

Stability
The stab ility  o f ophthalm ic preparations during prolonged  storage, and 

the effects o f heat sterilization processes, m ust be considered during form u 
lation. The effects o f tem perature and p H  are particu larly  im portant. 
Buffering certain  drugs in the physiological p H  range m akes them  unstable, 
particu larly  at high tem peratures. M ost o f the com m on  ophthalm ic drugs, 
how ever, in 2 %  b oric  acid  solution  can be autoclaved  w ithout seriously  
affecting their therapeutic a ctiv ity . The U .S .N .F . X I  states that the 
ox ida tive  d iscolouration  o f physostigm ine, epinephrine and phenylephrine 
under these circum stances m ay be reduced  b y  the add ition  o f 0 .2 %  sodium  
bisulphite to  the vehicle. A lkaline drugs such as the sulphonam ides and  
fluorescein sodium  should  be prepared in sterile distilled water.

Viscosity
M ethylcellu lose is som etim es added to  ophthalm ic solutions to  increase 

con tact tim e with the cornea. C alculated quantities o f a concentrated , 
hydrated  s tock  solution o f m ethylcellu lose m ay be added  to  norm al
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ophtha lm ic vehicles w hich m a y  then be autoclaved , coo led , and the 
coagu lated  m ethylcellu lose re-dispersed b y  agitation.

P r e s e r v a t io n  a g a in s t  M ic ro -O r g an ism s

There has recently  been m uch  discussion about the difficulties o f pre
serving ophthalm ic solutions against m icro-organism s. The m ain problem  
is the exception a lly  high  resistance o f Pseudomonas aeruginosa to  chem ical 
antibacterial agents. This pathogen  causes serious difficulties in the 
con tro l o f cross-in fection  in general (2,3) bu t especia lly  in op htha lm ology  (4). 
Som e species o f Aerobacter are eye pathogens (5), and the problem  is further 
com plica ted  b y  the existence o f pathogen ic strains o f the spore form ers 
Bacillus subtilis (6) and  Clostridium welchii (7).

Pseudomonads have been  isolated  from  m ost naturally occurring 
w aters (8), and Ps.aeruginosa in particu lar has exception a lly  sim ple require
m ents and w ill grow  in m any ophtha lm ic solutions. This organism  has 
been show n to  use the h yd roxyben zoates as a sole source o f ca rbon  (9). 
In  addition , the tem perature requirem ents for grow th  are w ide. It is a 
virulent pathogen  causing severe ocu lar in fections (10). R e la tive ly  sm all 
inocu la  o f abou t 50 -10 0  cells have been  show n to  produce in fection  in 
ra b b its ’ eyes (11,12). Fisher and A llen (13) have show n that Ps.aeruginosa 
produced  an enzym e w hich destroys the cornea b y  degradation  o f  corneal 
collagen.

Ps.aeruginosa has consequently  been  recom m ended as the m ain refer
ence organism  when selecting chem ica l preservatives for ophthalm ic 
solutions. A n  adequate preservative should  also be effective against a 
w ide range o f gram -positive  and gram -negative organism s.

The case for sterility
A n  in jured  eye has less resistance to  in fection  than the b loodstream , 

so that at least the sam e precautions should  be taken  in preparing 
ophtha lm ic solutions as in preparing solutions for intravenous use (14). 
The U nited  States N ational F orm ulary  X I  states that all solutions for 
surgical use should  be sterile, and prepared w ithout a preservative because 
o f danger o f chem ica l dam age to  the inner structure o f the eye. I t  has 
frequen tly  been  show n that a significant p rop ortion  o f used, and unused, 
ophtha lm ic solutions were con tam inated  w ith  Ps.aeruginosa, and that eye 
ointm ents are also liable to  con tam ination  (15,16,17). There is n ow  w ide
spread agreem ent that idea lly  ophthalm ic m edicam ents should  be dispensed 
in a sterile con d ition  (11,15,18,4).
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T he U nited  States Pharm acopoeia, the U nited  States N ational F orm u l
ary  and the International Pharm acopoeia  all specify  sterility  for ophthalm ic 
solutions. The B ritish P harm aceutical C odex 1963 stipulates sterility  for 
eye drops on ly.

A u toclav in g  in the final container is the m eth od  o f choice  because o f 
the danger from  pathogen ic spore form ers. This is still so w ith  chem ica lly  
preserved solutions because o f the possib ility  o f germ ination  on the cornea, 
w hich  can  apparently  elim inate the carry -over a ctiv ity  o f a w ide range 
o f antibacterial agents (11). It is, how ever, unlikely that pathogen ic 
spores w ould  germ inate in the ophtha lm ic container in the presence o f an 
antibacterial agent, and at room  tem perature. G am m a radiation  has 
proved  a useful sterilizing agent for som e heat labile ophthalm ic prepara
tions and m ay p rove  to  be o f w ide application  (19).

Eye drop containers
N orton  (20), and R ichards et al (21) have show n that eye d rop  con 

tainers available then in B ritain for extem poraneous preparations were 
not satisfactory, and that closure units m ust be m odified  to  prov ide  
satisfactory  sealing during autoclaving. B ritish Standards Institution  
C om m ittee P .188  is n ow  engaged in p roducing a specification  for  a suitable 
m ultidose eye drop  container.

It seems possible, and desirable, that in the field o f ophthalm ic pre
parations, as w ith  other classes o f m edicam ents, there w ill be progressive 
m ovem ent aw ay from  extem poraneously  prepared products. The tim e is 
opportune for bulk -m anufactured  sterile products o f standard form ulae, 
packed  in sim ple p lastic single and m ultidose containers. Several m anu
facturers do this using m ethods w hich  w ould  norm ally  be u neconom ic for 
the individual pharm acist in a sm all business (22). N evertheless, there 
is n ow  available relatively  inexpensive equipm ent for sm all scale ex tem 
poraneous sterile filtration em ploy ing a m odified  syringe w ith  m em brane 
filter (15).

Preservation of oils, creams and ointments
There is little published w ork  on the preservation o f oils, cream s and 

ointm ents. R id ley  (16) has isolated  Ps.aeruginosa from  eye ointm ents on 
several occasions. H e proposed  to  elim inate the use o f oils b y  replacing 
them  w ith ointm ents dispensed in sterile tubes. The a ctiv ity  o f 
bactericides in o /w  dispersions has been  show n to  be influenced b y  m any 
interacting factors and the ad hoc addition  o f preservatives show n to  be
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unsatisfactory  (23). A  practica l ideal at present w ould  appear to  be the 
aseptic preparation  o f ophthalm ic ointm ents, using sterile ingredients.

Preservation of solutions
The possib ility  o f contam ination  from  pathogen ic organism s subsequent 

to sterilization m akes it necessary for m ultidose containers to  be preserved 
using a suitable antibacterial agent.

The ca p acity  o f sm all inocu la  o f Ps.aeruginosa to  cause infection , 
together w ith  the neutralizing properties o f the cornea tow ards anti
bacterial agents, m ake it preferable that these agents be capable o f 
m aintaining sterility.

M uch o f the earlier w ork  assessing preservatives is o f reduced  value 
because o f inadequate experim ental procedures. R iegelm an et al (11) 
quoted  num erous papers w hich d id  n ot state the precautions taken  to 
ensure the absence o f bacteriostatic concentrations o f preservative in sub 
cultures testing for recovery . T h ey  discussed the inadequ acy  o f d ilution 
techniques designed to  inactivate preservatives and in troduced  in vivo 
procedures as w ell as in vitro tests in vo lv in g  chem ical antagonists. T h ey  
consisten tly  fou n d  that organism s w ou ld  produce infections, and cou ld  be 
recovered  from  the cornea while in vitro cultures were apparently  negative. 
Subsequent im provem ent o f the antagon ist /recovery  b roth  reduced  the 
d iscrepancy. K oh n  et al (24,25) further developed  this im portant princip le 
o f com paring in vivo w ith  in vitro procedures and obtained  exact correlation.

Several chem ical agents have been proposed  as suitable ophthalm ic 
preservatives and it seem ed appropriate to  consider each separately.

Esters of p-hydroxybenzoic acid
A  com bin ation  o f m ethyl and p rop y l ^ h yd roxyben zoa tes  has been used 

in the form  o f “ Solution  for E ye D rop s”  until this preparation  was rep laced  
b y  ch lorocresol in the B ritish Pharm aceutical C odex 1963. Subsequently  
this C odex was am ended (26), and Solution  for E ye  D rops reintroduced . 
B row n et al (4) have com m ented  on these changes. K lein  et al (27) tested  
tw o com binations o f the esters at three concentrations up to  0 .1 6 %  against 
108/m l Ps.aeruginosa present in three eye-drop  preparations— Sodium  
fluorescein 2 % , atropine sulphate 0 .5 % , eserine salicylate 0 .2 5 % . C ontact 
tim es were up  to  24 hr after w hich  subcultures were m ade testing for 
sterility. T h ey  foun d  that both  com binations 1 (Nipasept) and 2 (Nipa 
82121) were ineffective at all concentrations in fluorescein drops, and 
grow th  occurred  after subculture at each con tact tim e up  to  24 hr. 0 .16 %
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Nipasept was necessary to  produ ce  sterility  a fter 1 hr con tact in atropine 
drops, while 0 .10 6%  sterilized after 2 hr. In  eserine drops 0 .1 6 %  Nipasept 
sterilized after 3 hr, and 0 .10 6%  after 5 hr. C om bination  2 was m ore 
effective than Nipasept in the presence o f atropine and eserine, and 0 .0 8 %  
sterilized after 1 hr. T he esters were effective in som e cases at 0 .1 6 % , 
but nevertheless it was fou n d  that this strength caused som e burning 
sensation when in troduced  on  the eye. The value o f  their results is reduced  
because th ey  used a broth  d ilution  experim ental procedure, and inactivation  
o f the agents was uncertain . N on ion ic detergents are generally know n to  
inactivate  ^»hydroxybenzoic acid  esters (28) and K oh n  et al (24) have 
recom m ended  Tween 20 as an antagonist o f these esters.

Law rence (29) fou n d  that a m ixture o f 0 .1 6 %  m ethylparaben  and 0 .0 2 %  
propylparaben  sterilized  w ithin  1 to  6  hr in every  case with 26 strains o f 
Ps.aeruginosa, and four species o f Proteus in sim ple buffer at p H  6.2. 
H e used undilu ted  24 hr cultures as inocula . A ctiv ity  was also tested 
against four strains o f Ps.aeruginosa in the presence o f non  buffered 
aqueous solutions o f several drugs. S terility  was ach ieved  in less than 
30 m in in  several cases and never a fter m ore than 6 hr. H e d id  n ot use 
inactivating substances in  the recovery  broth  for the parabens.

R id ley  (16) stated  that 0 T %  m ethyl ji>hydroxybenzoate had  been  used 
successfu lly as a preservative in hospital practice  fo r  three years. H e 
stated  that 0 .1 %  m ethyl ji>hydroxybenzoate was " . . .  effective against a 
w ide range o f bacteria  tested , including Ps.pyocyanea, Streptococcus 
pyogenes, and Staphylococcus aureus at room  tem perature, in con jun ction  
w ith  the drugs com m on ly  used and in norm al clin ical concentrations, in 
three h ours.”  N o experim ental evidence was prov id ed  to  support this 
statem ent and the definition  o f “ e ffective”  was n ot given.

K oh n  et al (24) foun d  that a m ixture o f 0 .2 %  m ethyl paraben and
0 .0 4 %  p rop y l paraben sterilized  Ps.aeruginosa suspensions (2 x  108/m l) 
in 3  hr. A  m ixture o f 0 .1 8 %  p rop y l paraben sterilized in 6 hr. These 
workers used 13 strains o f Ps.aeruginosa, and the effectiveness o f the 
inactivating agents in their recovery  broth  was established b y  a correlation  
betw een  in vivo and in vitro results.

A nderson  et al (30) tested  0 .1 %  m ethyl h yd roxyben zoa te  in six  final 
eye drop  preparations using Staphylococcus pyogenes, Proteus vulgaris and 
Ps.aeruginosa in concentrations o f about 5 x  104/m l. T h ey  fou n d  that 
sterility  was ach ieved  w ith in  one d a y  in every  case except tw o. The 
v iab le  count increased during 11 days w ith  Ps.aeruginosa in gelatin eye 
drops, and sterility  was achieved after tw o days but n ot a fter one d ay
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w ith  Pr.vulgaris in glycerine eye lotion . M ore useful in form ation  m ight 
have been  obtained  if tests had been  m ade at intervals less than 
daily .

H ugo and F oster (9) have show n that the rate o f grow th  o f one strain 
o f  Ps.aeruginosa was little  a ffected  b y  the presence o f the concentration  
o f  esters used in Solution  for  E ye D rops B .P .C . (0 .0 34 % ), and that th ey  
cou ld  be used as a sole carbon  source at the sam e concentration . These 
w orkers, [Foster (31), H ugo and F oster (32)], foun d  that a m ixture o f 
tw o  parts m ethyl and one part p rop y l ^ h yd rox yben zoa te  sterilized aqueous 
suspensions conta in ing 10 and 100/m l Ps.aeruginosa cells o f one strain 
in 30 m inutes at 18° using concentrations o f 0 .12 5%  and 0 .2 %  respectively . 
T h ey  d id  not use an inactiva tor in the recovery  m edium .

Chlorocresol
^>Chloro-ra-cresol was the first official ophthalm ic antibacterial preser

va tive  used in B ritain. Its present replacem ent b y  Solution for E ye  D rops 
in the B .P .C . has been  discussed (4).

D avis (33) found that 0 .0 5 %  ch lorocresol was as effective against 
Staph.aureus as was 0 .5 %  phenol. In each case, sterility  was ach ieved  
w ithin  one day. D etails o f reaction  m enstrum  and recovery  cond itions 
were not given.

K lein  et al (27) used a b roth  dilu tion  procedure and fou n d  that 0 .1 %  
ch lorocresol sterilized broth  suspensions (108/m l) o f three strains o f 
Ps.aeruginosa. T h ey  also tested  0 .1 %  and 0 .0 3 %  ch lorocresol in the 
presence o f three eye drop  preparations. In each case, sterility  was 
ach ieved  w ithin  1 hr using 0 .1 % . 0 .0 3 %  ch lorocresol sterilized  atropine 
drops w ithin  4 hr, while fluorescein and eserine were sterilized betw een 
6  and 24 hr. T h ey  foun d  that 0 .1 %  ch lorocresol caused sm arting. 0 .0 5 %  
ch lorocresol sterilized inocu la  o f 10/m l Ps.aeruginosa cells o f one strain in 
aqueous suspensions at 18° w ith in  30 m in, but 0 .0 7 %  was required to  
sterilize 100 cells /m l w ithin  the sam e tim e (32).

C rom pton and A nderson  (34) have reported  that in jections o f 0 .0 5 %  
ch lorocresol in norm al saline into  the anterior cham ber o f rabb its ’ eyes 
caused the cornea to  becom e opaque. This d isadvantage w ou ld  seem  
not to  a p p ly  in ophthalm ic solutions preserved and used w ith  intact 
eyes.

R ichards (35) reported  that ch lorocresol was m ore active in term s o f 
reduction  o f v iab le  count in final eye drop  preparations at acid  pH , than 
it was in sim ple solution.
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Cklorbutol
K lein  et al (27) used a b roth  d ilution  test, and foun d  that three strains 

o f Ps.aeruginosa (10s/m l) were sterilized b y  0 .2 %  ch lorbutol. T h ey  found  
that three eye d rop  preparations inocu lated  w ith  108/m l Ps.aeruginosa, 
were sterilized after 1 h ou r ’s con tact with 0 .5 %  ch lorbutol. R ecov ery  
m edia  did not conta in  inactivators. These w orkers fou n d  that heat signi
ficantly  reduced  the antibacterial a ctiv ity  o f this com pound . C hlorbutol 
is slow ly soluble in  water, and heat is often  used. This phenom enon m ay 
account for the con tam ination  o f 0 .2 5 %  ch lorbu tol preserved eye drops 
reported  b y  C rom pton  (6).

A ll o f 35 strains o f Ps.aeruginosa fa iled  to  grow  on subculture after 
24 hours ’ con tact w ith  0 .5 %  ch lorbu tol (36). These workers m easured the 
percentage hydrolysis  o f buffered 0 -5 %  ch lorbutanol solutions after a u to 
claving at 121°. There was about 5 %  hydrolysis  a fter 15 m in at 121° at 
p H  less than 5. A t about p H  6, and higher, the percentage rose consider
ably. T h ey  foun d  that au toclaving at acid  p H  (up to  pH  6) d id  not 
inactivate  the antibacterial effect o f ch lorbutanol. M urphy et al (36) 
reported  an absence o f endothelial dam age or other ill effect upon  the 
tissues w ithin  the eye, despite repeated  use o f 0 .5 %  ch lorbutol lotions 
during anterior cham ber washes. This preservative had been in continuous 
hospital use for tw enty-n ine years.

Law rence (29) foun d  that 0 .5 %  ch lorbu tol sterilized h eavy  inocu la  o f 
26 strains o f Ps.aeruginosa and four species o f Proteus in sim ple buffer 
a fter con tact tim es o f up  to tw o days. The bactericida l action  was m ore 
rapid  in the presence o f non -buffered  solutions o f several drugs, and 
sterility  o f four strains o f Ps.aeruginosa to ok  up  to  6 hr. R ecov ery  m edia 
d id  not conta in  inactivators.

R iegelm an et al (11) foun d  that 0 .5 %  ch lorbutol apparently  sterilized 
b roth  suspensions o f Ps.aeruginosa in tim es w hich varied  w ith  the in
activating recovery  broth . N egative in vitro tests were obtained  betw een 
8 and 24 hr using optim um  recovery  broth , and these were correlated  
with in vivo tests. A pparent sterilization occurred  after 45 m in w hen 
recovery  was m ade in nutrient broth  alone. These workers foun d  that 
concentrations in excess o f 0 .5 %  were irritating to  the eye.

A nderson and S tock  (37) foun d  that ch lorbutol 0 .5 %  in w ater sterilized 
three strains o f Ps.aeruginosa (about 105/m l) w ithin  15 m in, but was 
ineffective against one strain o f Staph.aureus even after 1 hr. These 
workers recovered  in nutrient b roth  w ithout any inactivator.

K oh n  et al (24) used 13 strains o f Ps.aeruginosa and fou n d  that 0 .5 %
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ch lorbu tol sterilized suspensions o f about 2  x  106 cells/m l in 12 hr. These 
w orkers used inactivators in  their recovery  m edia  and  ob ta in ed  g ood  
agreem ent betw een  in vivo and in vitro experim ents.

Organic mercurials
Phenylm ercuric n itrate, phenylm ercuric acetate and thiom ersalate all 

sterilized three strains o f Ps.aeruginosa (108/m l) at a d ilution  o f 1 in 50,000 
in b roth  (27). It was fou n d  that 0 .0 0 5 %  thiom ersalate sterilized this 
organism  in 2 hr in fluorescein drops but a con tact o f 6 hr was necessary to 
sterilize atropine and eserine drops. These sterilizing tim es m ust be v iew ed 
critica lly  because the efficiency o f the recovery  m edia  was apparently  not 
dem onstrated.

Law rence (29) fou n d  that organic m ercurials were less a ctive  in the 
presence o f com m on  ophtha lm ic drugs than in their absence. 0 .0 1 %  
P .M .N . and 0 .0 1 %  th im erosol sterilized four strains o f Ps.aeruginosa in 
several ophtha lm ic solutions in  con ta ct tim es vary in g  up  to  48 hr. In  
the absence o f a n y  drug, 0 .0 1 %  P .M .N . sterilized in tim es vary in g  up  to  
3 hr. R e co v e ry  was in  B rew er’s fluid th iog ly co la te  m edium .

R iegelm an  et al (11) show ed that 0 .0 1 %  P.M .N . p rod u ced  apparent 
sterility  a fter 1 h ou r ’s con ta ct w ith  Ps.aeruginosa (108/m l) w hen sub
cu ltured in to  th iog ly co la te  broth . H ow ever, corneal ulcers were p rodu ced  
b y  these apparently  sterile suspensions. T h e use o f lecith in -polysorbate 
80-th iog lycola te  m edium  elim inated the d iscrepancy betw een  in vivo and 
in vitro results, and the sterilizing tim e was in excess o f a week.

0 .0 1 %  P .M .N . failed  to  sterilize one strain o f Staph.aureus and three 
strains o f Ps.aeruginosa in  con ta ct tim es up  to  1 hr using about 105/m l 
cells (37).

R id ley  (16) stated  that 0 .0 0 4 %  P .M .N . had  been used successfu lly in 
hospital practice  and had been  show n to  be effective against several 
pathogen ic species but om itted  to  give experim ental procedures.

In vitro tests using inactivating  recovery  m edia  together w ith  in vivo tests 
show ed that P .M .N . 0 .0 1 %  and th im erosal 0 .0 2 %  sterilized Ps.aeruginosa 
(2 x  106/m l) in aqueous suspensions in 6  hr. A  tw o-fo ld  d ilu tion  o f these 
m ercurials had  little effect u pon  the sterilizing tim e (24).

A nderson  et al (30) tested  the a ctiv ity  o f P .M .N . (0 .001-0 .004% ) against 
Staph.pyogenes, Proteus vulgaris and Ps.pyocyanea (103-104/m l) using 18 
eye drop  form ulations involv in g  12 drugs. S terility was ach ieved  in less 
than  one d a y  in all cases exclud ing fluorescein. P .M .N . 0 .00 2%  d id  n ot 
sterilize fluorescein drops after several days con tact. In  the one form u 
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lation  using 0 .0 0 4 %  P .M .N . in fluorescein drops, sterility  was achieved  
w ithin  a day. These workers d id  n ot use con tact tim es o f less than a d ay  
and the recov ery  m edia  did n ot con ta in  inactivators.

Phenylethyl alcohol
L illey  and B rew er (38) show ed that 2-phenylethyl a lcohol was p artic

u larly  active against gram -negative bacteria  including Pseudomonads.
K lein  et al (27) tested  phenylethyl a lcohol against Ps.aeruginosa in the 

presence o f atropine, eserine and fluorescein. In  each case 0 .6 %  sterilized 
w ithin  1 hr w hile 0 .5 %  required con tact o f  up  to  3 hr. Inactivators were 
not used during recovery.

This preservative was re jected  b y  M urphy et al (36) on  the grounds 
that tw o  strains o f Ps.aeruginosa cou ld  be serially transferred in the 
presence o f 0 .5 % , and four strains o f Staph.aureus grew  in the presence 
o f 0 .6 %  in broth .

Law rence (29) tested  the a ct iv ity  o f 0 .5 %  pheny leth yl a lcohol 
against 26 strains o f  Ps.aeruginosa and four species o f  Proteus using 
inocula  o f  undiluted b roth  culture. Sterilization occurred  a fter con tact 
tim es o f  up  to  6 days in the presence o f a series o f ophthalm ic drugs. 
In  the absence o f  drugs, sterilization occurred  after longer con tact periods 
and in som e instances had  not occurred  b y  the end o f the experim ental 
period  (6 days).

Corneal ulcers were p rodu ced  from  intracorneal in jections o f a 
Ps.aeruginosa con tam inated  solution  o f 2 %  phenylethyl a lcohol a fter 8 
hours’ exposure (longest experim ental period) (11). These workers found  
that 0 .7 5 %  solutions were irritating to  the eye.

Phenylethyl a lcohol 0 -6 %  failed  to  sterilize three strains o f Ps.aeruginosa 
in aqueous suspension during exposures up  to 1 hr, bu t sterilized one strain 
o f Staph.aureus w ith in  1 hr using cell concentrations o f about 105/m l (37).

K oh n  et al (24) tested  0 .5 %  pheny leth yl a lcohol against 13 strains o f 
Ps.aeruginosa (2 x  106/m l) using Tweens as inactivating agents in the 
recovery  m edia. Sterilization was n ot effected  after 24 hours’ con tact, 
and in vivo experim ents con firm ed these in vitro results.

P henylethanol 0 .9 %  sterilized inocu la  o f 100 cells /m l o f one strain o f 
Ps.aeruginosa in aqueous suspension in 30 m in at 18°. In activators were 
n ot used in the recovery  m edium  (31, 32).

Quaternary ammonium compounds
There is m uch published evidence about the use o f these com pounds 

as ophthalm ic preservatives. K lein  et al (27) fou n d  that a concentration
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o f 0 .0 5 %  benzalkonium  was required to  sterilize broth  suspensions (108/m l) 
o f three strains o f Ps.aeruginosa. Subcultures were taken after tw o days. 
These workers fou n d  that a lthough 0 .5 %  cetrim ide sterilized, there was 
one instance w hen cetrim ide was show n to  have com paratively  little  effect 
against Ps.aeruginosa.

B enzalkon ium  chloride was fou n d  n ot to  be a un iform ly  effective 
bactericide against Ps.aeruginosa. F ive  out o f 30 strains were not 
sterilized b y  con tact for 24 hours w ith 0 .0 1 %  o f the agent, at p H  7.4 (36).

Law rence (39) in his review  con clu ded  that benzalkon ium  chloride, 
ch lorbutanol and P .M .N . were the m ost suitable agents on the basis o f 
published evidence. The sam e w orker (29) tested  benzalkonium  chloride
0 .0 2 %  and 0 .0 1 %  against 26 strains o f Ps.aeruginosa, and four species o f 
Proteus using inocu la  o f undiluted 24 hr b roth  cultures. Tests were m ade 
in (1) sim ple buffer, (2) in the presence o f several ophthalm ic drugs in 
buffer, and (3) in the presence o f several drugs in aqueous solution. In 
every  instance sterility  was achieved in less than 30 m in w ith 0 .0 2 %  
benzalkonium  chloride. The m a jority  o f strains were sterilized b y  0 .0 1 %  
in less than  30 m in in all three system s but a few  strains needed  up  to  
6  hr. Chem ical inactivators were used in the recovery  broth .

These results conflicted  w ith  those o f R iegelm an et al (11) w ho foun d  
that benzalkon ium  ch loride was on ly  s low ly  bactericidal. T h ey  suggested 
that the d iscrepancy betw een their results, and those o f  earlier w orkers, 
was because o f inadequate inactivation  o f benzalkonium  chloride in the 
recovery  broth  used b y  other w orkers. T h ey  foun d  that 0 .0 1 %  benza l
konium  chloride failed  to  sterilize 108/m l Ps.aeruginosa cells in saline in 
one w eek w hen tested b y  in vivo m ethods whereas the use o f nutrient 
b roth  subculture ind icated  sterility  after five m inutes con tact. The use 
o f a lecith in  -Tween 5’0 -th iog lyco la te  m edium  resulted in con cordan t in 
vivo and in vitro tests. R iegelm an et al (11) reported  incidents w hen 
resistance to  benzalkon ium  chloride b y  Ps.aeruginosa was dem onstrated. 
In  one case, active grow th  occurred  and p igm ent was produ ced  in the 
presence o f un-neutralized  0 .0 2 %  benzalkon ium  chloride from  an inoculum  
o f 1 m l o f a 24 hr culture.

K oh n  et al (24) fou n d  that benzalkonium  chloride 0 .0 2 %  sterilized 13 
strains o f Ps.aeruginosa (2 X 106/m l) in aqueous suspension w ithin  45 m in, 
and that 0 .0 1 %  required up  to  9 hr. The effectiveness o f the inactivators 
used in the in vitro recovery  m edia was dem onstrated  b y  correlation  with 
in vivo results. These workers fou n d  that o f seven com m on ly  used pre
servatives, on ly  0 .0 2 %  benzalkonium  chloride sterilized in less than 1 hr.
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Inocu la  o f 10 and 100/m l Ps.aeruginosa cells were sterilized in aqueous 
suspension at 18° in 30 m in b y  benzalkon ium  chloride 0 .0 5 %  and 0 .0 8 %  
respectively  (32). R ecov ery  was on m edia conta in ing an inactivator.

B enzalkonium  chloride has been  accepted  officially in the U .S .A . for 
m any years but has n ot been  w idely  used in B ritain  despite the large 
am ount o f favourable  published w ork. There have been criticism  against 
benzalkonium  chloride on grounds other than bacteriological. K lein  et 
al (27) stated  “ Q uaternary am m onium  com pounds as a preservative for 
eye-drops should  be used on ly  in exceptional cases. G insburg and R ob son  
fou n d  that detergents cou ld  prove  harm ful b y  causing ‘solubilization ’ o f  the 
intercellular cem ent o f the corneal ep ithelium .”  This reference to  the w ork  
o f G insburg and R obson  (40) has been  qu oted  b y  others (41). R ecen tly , 
A nderson  et al (30) have also quoted  this w ork as evidence that benzal
konium  ch loride dissolves the intercellular cem ent substance o f the cornea. 
G insburg and R ob son  (40) d id  not use a quaternary am m onium  com pou n d  
but w orked  w ith  anionic and non ion ic w etting  agents. These workers 
found  that the anionic detergent, d odecy l sodium  sulphate (1% ) dam aged 
the cornea. T h ey  also fou n d  that a lthough 1%  non ion ic Lissapol N  
caused slight tem porary  oedem a, 0 .5 %  caused no observable effect. These 
results are in accord  w ith  those o f Buschke (42) w ho m ade direct m easure
m ents on  intercellular cohesion in corneal epithelium . H e foun d  that six 
out o f seven anionic detergents " . . .  p roduced  m arked effects in con 
centrations o f 1%  or som etim es even in low er con centrations.”  N ot one 
o f a w ide selection  o f non ion ic or ca tion ic detergents caused loss o f inter
cellular cohesion. B enzalkonium  chloride was used in concentrations up 
to  10% .

R ecen tly , A nderson  et al (43) have stated  " . . .  Swan has show n that 
w etting agents such as benzalkon ium  chloride are in jurious to  the corneal 
epithelium  and especially to  the endothelium . . . .”  Swan (44) fou n d  that 
intraocular concentrations o f benzalkon ium  ch loride in excess o f 0 .0 1 %  
caused serious dam age. H e also fou n d  that instillation  o f 0 .1 %  benzal
konium  chloride p rodu ced  a severe reaction , and that 0 .0 3 %  to  0 .0 4 %  
used over periods o f up  to  8  weeks prod u ced  a less severe reaction . In 
m ost cases the con ju n ctiva  and cornea were norm al w ithin 12 hr. N ever
theless, Swan concluded , "T h e  m inim al concentrations o f w etting  agents 
producing irritation in the con ju n ctiva l sac are greater than those that 
are e ffective .”

H ughson and S tyron  (45) rep laced  the aqueous hum our o f rabb its ’ eyes 
w ith  benzalkon ium  ch loride in saline, and fou n d  that concentrations o f
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1 in 3000 and 1 in 6000 produced  endothelial oedem a which disappeared 
in 6 to  8 weeks. The use o f a concentration  o f 1 in 7500 gave no visible 
evidence o f dam age. B ell (46) used a 1 in 10,000 concentration  o f a 
quaternary am m onium  agent as a routine irrigant in eye surgery for three 
years, and observed  no hypersensitiv ity  or allergic reaction , nor was there 
a n y  evidence o f irritation. Law rence (39) has quoted  num erous other 
workers w ith sim ilar experiences using quaternary am m onium  com pounds.

Polymyxin
W iggins (47) fou n d  that 85 strains o f  Ps.aeruginosa were sensitive to 

p o lym yx in  B  sulphate. H e fou n d  that the m inim um  inh ib itory  con cen 
tration  at 37° in b roth  lay  betw een  0 .08  to  2.5 ^g/m l.

A ntib iogram s for 152 strains o f Ps.aeruginosa show ed that while there 
was m arked resistance to  several antib iotics, all strains were sensitive to 
p o lym yx in  B  (3).

R iegelm an  et al (11) foun d  that 1000 un its /m l p o lym yx in  B sulphate 
sterilized Ps.aeruginosa (108/m l) in aqueous suspension w ithin  30 min. 
L ecith in  was fou n d  to  be an effective inactivator for p o lym yxin . In vivo 
tests confirm ed the in vitro results.

P o lym y x in  B  sulphate was fou n d  to  be on ly  s low ly  bactericida l in 
aqueous solution  against 13 strains o f Ps.aeruginosa (2 x  106/m l). Sterility 
was ach ieved  in 12 hr using 2000 un its/m l, and in 18 hr using 1000 un its/m l. 
The results o f in vivo experim ents were in agreem ent w ith  results o f recovery  
using lecith in  broth  (25).

Agents not widely used as preservatives
A nderson  and S tock  (37) show ed that ch lorhexidine acetate 0 .0 1 %  in 

aqueous solution  sterilized three strains o f Ps.aeruginosa w ith in  15 min, 
and one strain o f Staph.aureus w ith in  30 m in using cell concentrations o f 
about 10E/m l. E gg  y o lk  m edium  was used to  inactivate the ch lorhexid ine 
on  recovery . M uch useful w ork  on form ulation  o f ophthalm ic solutions 
w ith  ch lorhexid ine has been  done in A ustralia  (48,49), and it has been 
included  in the Australian Pharm aceutical Form ulary. N o instance o f 
sensitiv ity  had  been  detected  after several years ’ hospital use o f ch lor
hexidine preserved  drops (6). C rom pton  (6) has stated  that “ . . . C hlor
hexidine at present is the bacteriostatic o f ch o ice .”  H e quoted  evidence 
o f the personal com m unications o f tw o workers to  support this belief but 
om itted  to  give sufficient detail to  a llow  evaluation  o f experim ental m ethods. 
A nderson  et al (30) tested  ch lorhexid ine against single strains o f Staph.
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pyogenes, Proteus vulgaris and Ps. aeruginosa using inocu la  o f about 103- 1 0 4 
cells/m l. Tests were m ade at 28° in the presence o f num erous ophtha lm ic 
drugs in 75 form ulations. Counts were m ade o f recovered  cells, and the 
preservative was regarded as satisfactory  if the count rem ained static or 
was reduced. In  m ost instances sterility  was ach ieved  w ith in  the shortest 
test period  o f one day. Increased counts occurred  w ith  b oth  serum  and 
m ethylcellu lose form ulations in the presence o f 0 .00 5%  ch lorhexid ine. 
G row th occurred  in the presence o f lignocaine in one out o f tw o form u 
lations. It was suggested that grow th  in the presence o f p ilocarpine was 
due to  in com p atib ility  w ith  the 0 .00 5%  ch lorhexidine. C hlorhexidine is 
not in fact used in the Australian Pharm aceutical F orm ulary  for eye drops 
conta in ing p ilocarpine (50). T he experim ental procedures o f these w orkers 
are open  to question. T h ey  d id  not use con vention a l inactivators in their 
recovery  m edium  but a ttem pted  to  inactivate the agents tested, includ ing 
ch lorhexidine, using a w ashing procedure, the efficiency o f w hich apparently  
was not dem onstrated. T h ey  recovered  chem ica lly  treated Pr.vulgaris 
cells in m edium  containing 0 .1 %  phenol w hich  m ight well reduce recovery  
as well as swarm ing. One other unusual aspect o f their experim ental p ro
cedure was an 18 hr recovery  incubation  period. W ith ou t evidence to  
the con trary , this w ou ld  seem  to  be a short tim e for the recovery  o f  
chem ica lly  treated organism s. H ugo and F oster (32) foun d  that inocula  
o f Ps.aeruginosa (100/m l) were sterilized in aqueous suspension at 18° b y
0 .00 5%  ch lorhexidine, and at 30° b y  0 .0 0 2 % .

K oh n  et al (25) tested  51 chem icals not prev iou sly  em ployed  w idely  
in ophthalm ic solutions as preservatives. Thirteen strains o f Ps.aeruginosa 
(2 x  106/nd) were used, and in vitro and in vivo m ethods em ployed . Six 
out o f 37 quaternary am m onium  com pounds were fou n d  to  possess equal 
or superior a ctiv ity  to  benzalkon ium  ch loride w hich  th ey  used as a 
standard. A ll o f  eight am photeric surfactants were fou n d  to  be in 
adequate w hile three iodophors were found to  possess sterilizing tim es 
o f less than 1 hr. Chlorhexidine and Colistin were each foun d  to  sterilize 
in less than 1 hr.

R ichards (35) found that ch lorhexidine was less active in final eye drop  
preparations at acid  p H  than it was in sim ple solution.

W isem an (51) a ttem pted  to increase the resistance o f  several gram 
positive  and gram -negative species to  ch lorhexid ine b y  training in its 
presence. H e failed  to  increase the resistance o f gram -positive  organism s 
but fou n d  that gram -negative species show ed a substantial increase in 
resistance. In particu lar the m inim um  inh ib itory  concentration  against
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Ps.aeruginosa increased progressively  from  an initial 4 /¿g/m l to  64  fig/ml 
after 8  subcultures in the presence o f ch lorhexid ine diacetate.

Bronopol (2 -brom o-2 -n itropropan e-l, 3 -d iol) is a new  antim icrobial 
agent show n to  be active against num erous strains o f several gram -positive 
and gram -negative species including 22 strains o f Ps.aeruginosa (52). P re
lim inary experim ents show ed that bactericida l concentrations are not 
irritant to  the skin or m ucous m em branes. T he authors failed  to  increase 
the resistance o f Ps.aeruginosa and Staph.aureus to  B ron op ol b y  repeated  
subculture in its presence.

S u m m a r y  a n d  Co n c l u sio n s

C onsideration o f the available published evidence reveals that at present 
there is no single ideal preservative for ophthalm ic preparations. The 
ca p acity  o f  strains o f Ps.aeruginosa or close ly  related species to  becom e 
resistant to  quaternary am m onium  com pounds (11), ch lorbu tol (39), 
pheny leth yl a lcohol (36) ch lorhexid ine (51) and even to  decom pose phenol 
(53) and ^ h yd rox y -b en zoates  (9) w ou ld  suggest caution  in a ccepting any 
new  agent supposed  not to  have this defect against this en igm atic 
organism .

M any o f the results in the literature are conflicting. Som e o f the 
d iscrepancies m a y  be a ccou n ted  for b y  reason o f variation  in such im portant 
factors  as reaction  tem perature, com position  o f reaction  m ixture, and 
recovery  m edium . Im portance m ust be attached  to  the results o f those 
w orkers w ho have clearly  defined their experim ental conditions, and w ho 
have related the efficiency o f the inactivators used in their recovery  m edia  
to  the results o f in vivo tests. T he ca p acity  or n ot to  cause disease w ou ld  
appear to  be  the ultim ate, ob jective  assessm ent, particu larly  w hen a ctiv ity  
is m easured in a final ophthalm ic form ulation .

A n  appraisal o f the scientifically acceptable  data on the ^ h y d ro x y - 
benzoates w ou ld  suggest that nearly  saturated solutions are capable o f 
sterilizing h eav y  inocula  (108) o f Ps.aeruginosa in several hours. Such 
concentrations are too  irritant for norm al ophthalm ic use. A  con cen tra 
tion  o f abou t 0 .1 %  m ixture m a y  be useful in  som e eye preparations 
excluding, in particular, fluorescein. T he ca p acity  o f Ps.aeruginosa to  
utilise (9) these com pounds as a source o f carbon  w ou ld  seem  to  preclude 
their recom m endation  for w idespread use.

T he available evidence suggests that the concentration  used in Solution  
for E ye  D rops B .P .C . (0 .0229%  m ethyl, 0 .0114%  propyl) is un likely  to  
sterilize, and m a y  possib ly  allow  grow th  o f Ps.aeruginosa.

3
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The small amount of available evidence supports the use of chlorocresol
0.05% for use with intact, but not damaged eyes.

The considerable volume of work on chlorbutol has shown that almost 
all workers have found it to be consistently an effective, but relatively 
slow, sterilizing agent. It would seem that formulation aspects of this 
agent have been adequately investigated (36,54).

The mercurials have been shown to be effective sterilizing agents by 
nearly all workers. Riegelman et al (11) found 0.01% P.M.N. required 
longer than a week to sterilize a heavy inoculum of P s. aeruginosa, but 
Kohn et al (24), using several strains and similar procedures to those of 
Riegelman and his co-workers, found that sterilization was effected in 
6 hr.

It has been asserted that these mercurials may give rise to mercurial 
sensitization ("mercurialentis”), and that mercury may deposit on the 
lens capsule (6,26). There is little published evidence to support these 
assertions. Ridley (16) found very few cases of dermatitis medicamentosa 
with P.M.N. preservation. These few cases were with drops used for a 
long period of time, and in every case the reaction was slight. Work is 
in progress in our laboratory to elucidate this situation. Rabbits’ eyes 
have been irrigated with mercurial solution, subsequently sectioned, and 
examined with an electron probe microanalyser. It is hoped that these 
procedures will provide useful information about local concentrations of 
mercury.

The available evidence offers little support for the use of phenylethyl 
alcohol as an ophthalmic preservative. The existence of resistant Ps.aerug
inosa  strains would not appear to be the result of inadvertent training 
due to faulty procedures.

The evidence about quaternary ammonium compounds is clouded by 
numerous quotations of opinions, assertions unsupported by data, and even 
errors in quoting the literature. A literature search has revealed very few 
instances where resistance to benzalkonium chloride has been demonstrated. 
Murphy et al (36) and Riegelman et al (11) have shown the existence of 
highly resistant strains of Ps.aeruginosa. On the other hand, it has been 
shown that faulty procedures may enable contaminants to acquire resis
tance, particularly to quaternary ammonium compounds (55).

The available evidence supports the conclusion of Riegelman and 
Vaughan (1) “with all its limitations, benzalkonium chloride is among the 
most effective and rapidly acting preservatives when the conditions of its 
use are properly controlled.”
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There is no evidence of resistance by Ps.aeruginosa  to polymyxin B 
sulphate. This antibiotic is limited by its relatively low activity against 
gram-positive organisms, and some species of Proteus (47). The U.S.P. XI 
suggests the use of a combination of 1000 units/ml polymyxin B sulphate 
and 0.01% benzalkonium chloride.

The newer recommended ophthalmic preservatives include several 
promising compounds, nearly all of which require more work before their 
acceptance. Chlorhexidine is an exception in that it has been introduced 
into the Australian Pharmaceutical Formulary, and experience in practice 
has been gained. Nevertheless there are problems of compatibility with 
this compound, and it is not uniformly satisfactory with all ophthalmic 
solutions (50).

When suitably formulated, the following compounds have reasonable 
scientific support for their use as ophthalmic preservatives in some in
stances : 0.05% Chlorocresol, 0.5% chlorbutol, 0.01% benzalkonium 
chloride, 0.005% chlorhexidine. Experimental evidence is required about 
mercury deposition on the lens before the mercurials may be used with 
confidence.

Little attention has been paid to the use of combinations of agents. 
The recommendation of a combination of polymyxin B sulphate and 
benzalkonium chloride by U.S.N.F. XI would seem to be based on attain
ing broad spectrum activity rather than an expectation of synergism 
against any particular organism. Attention has been drawn to the dangers 
of indiscriminately combining antimicrobial agents (56,57). Preliminary 
work has shown synergism between phenylethyl alcohol and the organic 
mercurials (58).

It would appear that the future lies more in the understanding of the 
nature of the resistance of Ps.aeruginosa  to chemical inactivation than in 
the discovering of other new agents. The literature possesses several 
monuments to the capacity of this beast, literally to eat the agents used 
against it. The acquired resistance to a quaternary ammonium compound 
has been eliminated in the presence of E.D.T.A. (59), and the U.S.N.F. XI 
has suggested its use for that purpose. It has been shown that cells 
grown in the presence of Tw een 80  are much less resistant to the action 
of several agents than are cells grown in plain broth (60,61). It has been 
suggested that the resistance of Ps.aeruginosa  is connected with its slime 
production and its membrane permeability, both of which may be affected 
by Tween 80.

The problems of sterilization and preservation have for too long been
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overshadowed in pharmacy curricula by consideration of tonicity, and the 
attendant calculations now shown to be largely unnecessary. The time 
would seem appropriate, and even overdue, to adjust long held ideas 
relating to ophthalmic formulations.

[Received : 17th September 1964)
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Introduction by D r. M . R . W . B rown

I w ou ld  like to  draw  atten tion  v e ry  briefly  to  som e o f  the m ore im portan t elem ents. 
T h e  ideal preservative  shou ld  b e  effective  against a  w ide range o f  organism s, m ust 
n o t  be  irritant, or  in  a n y  w a y  harm fu l t o  eye tissues, m u st b e  com p a tib le  w ith  other 
m ed icam en ts and shou ld  w ithstand sterilization , p referab ly  b y  a  heat m ethod , w ith 
ou t p rod u ction  o f  harm ful degradation  prod u cts . F urtherm ore, carefu l d istinction  
m ust be  m ade betw een  m aterials used for  con tin uou s ap p lication  to  in tact eyes, and  
the solution s used on  dam aged eyes o r  during surgery. T h e la tter solu tion  shou ld 
be  sterile and shou ld  n ot con ta in  preservatives.

S ince th is pap er w as subm itted , w e h ave been  m ade aw are o f  th e recent w ork  
o f  A bram s (62 ) related to  m ercurialentis. H e  fou n d  th a t m ercurialentis w as slow  
to  dev elop  and  n o instance w as fou n d  in  g lau com a patients using m y otics  con ta in in g  
P .M .N . fo r  less th an  three years. H e  furtherm ore stated, “ as far as is kn ow n  th e 
appearance (m ercuria lentis) is n o t  associa ted  w ith  a n y  visu al im pairm ent and seem s to  
be  qu ite  in n ocu ou s .”  There is scientific ev id ence to  su p p ort th e use o f  th e fo llow in g  
preservatives in  app ropriate  in sta n ces : B en zalkon ium  ch loride, ph enylm ercu ric 
n itrate, th iom ersal, ch lorbu to l, ch lorocresol. A t  present there appears to  b e  no 
scien tifica lly  based ev id ence to  com p lete ly  preclude their use under the con tro lled  
con d itions o f  an oph th a lm ic form u lation . R ep orts  from  A ustralian  w orkers indicate  
decom p osition  o f  ch lorhex id in e on  autoclav in g , and  th e  p rod u ction  o f  degradation  
p rodu cts  the freedom  o f  w h ich  from  to x ic ity  has n o t been  fu lly  established and  this 
w ou ld  suggest cau tion  regarding heat sterilization  o f  preparations con ta in ing  th is 
com p ou n d .

T h e  em p loym en t o f  these substances m u st b e  su b ject t o  norm al considerations 
o f  form u lation  and  com p a tib ility  and, o f  course, t o  correct clin ica l usage. There

(62) Abrams, J. D. T ran s. O phthalm . S oc. 83 263 (1963).
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is little  evidence so far t o  con firm  effectiveness o f  com binations o f  preservatives, 
an d  there are dangers in  indiscrim inately  com bin in g  antim icrob ia l agents. There 
is n o  sim ple answ er to  th e prob lem  o f  preservation  and each  eye d rop  form u lation  
m ust be considered indiv idually .

In  conclusion  I w ou ld  like to  draw  y o u r  a tten tion  to  a reference w hich  m ay  
p ossib ly  b e  m isleading. In  p . 003 reference (6 ) is m en tioned  and  refers t o  th e w ork  
o f  R oem er, c ited  b y  C rom pton , regarding p a th og en icity  o f  B a c i l lu s  s u b t i l is . I t  is 
in  fa c t sta ted  co rrectly  as a c ita tion  in th e  reference. H ow ever, in  p . 016, reference 
(6 ) w as used in  con n ection  w ith  m ercurialentis and  it  w as in tended  to  refer d irectly  
t o  C rom pton ’s paper. (O ur attention  to  th is w as k in d ly  draw n b y  P rofessor 
N euw ald .)

D IS C U S S IO N

P r o f . D r . F . N e u w a l d  : W e  h ave heard from  Mrs. W ed derbu rn  th a t every  drug 
and  every  form u lation  needs special preservation . T h is applies especia lly  t o  eye 
drops, and th is is illustrated b y  T a b le  I  (63 ).

Table I

Eye-drop medicament Buffer solution Preservative

Ethylmorphine hydrochloride P 5.3 Bz 0.02%
Silver diacetyltannin protein B 6.8 Ph 0.002%
Silver protein B 6.8 Ph 0.002%
Atropine sulphate P 6.45 Bz 0.02%
2-Benzylimidazoline hydrochloride P 6.85 H B 0.1%
Calcium chloride B  6.8 Ph 0.002%
Carbamide B 6.8 Ph 0.002%
Cinchocaine hydrochloride P  6.05 Bz 0.02%
Cocaine hydrochloride P 6.05 Bz 0.02%
Ephedrine hydrochloride P  6.05 Bz 0.02%
Homatropine hydrobromide P 6.45 Bz 0.02%
Mercuric oxycyanide P 6.85 —

Potassium iodide P 6.85 HB 0.1 %
2- (Naphthyl-1 -methyl)imidazoline nitrate P 6.85 H B 0 .1 %
Sodium iodide P 6.85 H B 0.1%
Sodium salicylate B  6.8 Ph 0.002%
Physostigmine salicylate P 6.05 H B 0.1%
Pilocarpine hydrochloride P 6.85 Bz 0.02%
Procaine hydrochloride P  6.05 Bz 0.02%
Resorcinol P 6.05 Bz 0 .02%
Scopolamine hydrobromide P  6.45 Bz 0.02%
Adrenaline acid tartrate solution B 5 Ph 0.002%
Tetracaine hydrochloride P 5.3 Bz 0.02%
Zinc sulphate B  6.3 Ph 0.002%

B 5 
B 6.3 
B 6.8 
P  5.3 
P 6.05 
P 6.45

A  bbreviations
Boric acid solution pH  5 
Borate buffer solution pH  6.3 
Borate buffer solution pH  6.8 
Phosphate buffer solution pH  5.3 
Phosphate buffer solution pH  6.05 
Phosphate buffer solution pH  6.45

P 6.85 Phosphate buffer solution pH  6.85
Bz Benzalkonium chloride
Ph Phenylmercuric acetate
H B Mixture of two parts o f methyl

hydroxybenzoate and one part 
of propyl hydroxybenzoate

D r . B r o w n  : T h ank  y ou . I t  is in teresting to  see th a t th e y  are regarding each  
form u lation  as a separate en tity  rather th an  h op in g  th a t one preservative  can  be 
used fo r  everyth ing.

(63) ö s te rre ich isch es  A rzn eib u ch  9 (I960).



T H E  P R E S E R V A T I O N  O F  O P H T H A L M I C  P R E P A R A T I O N S 3 8 9

D r . E . E . B o e h m  : I t  has recen tly  been  poin ted  o u t b y  several authors (6 4 -6 5 ) 
th a t a  p h y d rox y b en z oa te  con cen tra tion  o f  0 .0 34 3 % , as recom m en ded in  th e  B .P .C . 
for  eye drops preservation  is insufficient. I t  has a lready been  poin ted  o u t b y  
W illiam s e t  a l (65), th a t th e ad d ition  o f  a t least 0 .0 8 %  o f  p h y d rox y b en zoa tes  
is n ecessary fo r  th e  successful in h ib ition  o f  m icrob ia l grow th  in eye drops. T h ey  
further po in ted  ou t th a t p h y d rox y b en z oa te  con centration s o f  the order as recom 
m en ded  b y  th e B .P .C . w ere in effective  against less resistant m icro-organism s and 
therefore  it cou ld  h ard ly  b e  exp ected  th a t a t these low  con centration s o f  th e p h y d r o x y - 
ben zoates th ey  w ou ld  b e  effective  against a m u ch  m ore resistant organism  such  as 
P s e u d o m o n a s  a e r u g in o s a ,  w hich  is a lso resistant against benzethon ium  ch loride (67).

W e  h ave  a lso show n th a t th e ad d ition  o f  0 .0 6 %  N ip a s t e r i l ,  another p h y d ro x y - 
b en zoate  com bin ation , does n o t  o n ly  in h ib it th e  grow th  o f  an  especia lly  resistant 
strain  o f  P s e u d o m o n a s  a e r u g in o s a  in  a  bu ffered  aqueous solution , b u t a lso k illed  the 
organ ism  betw een  5 and  24 hr.

R e ce n tly  M üller (68 ), on  th e basis o f  his ow n  experience, recom m en ded  the 
add ition  o f  0 .0 7 %  m ethy l and 0 .0 3 %  p ro p y l p h y d rox y b en zoa tes  to  eye  drops, and 
M on tgom ery  e t  a l  (64 ) th e ad d ition  o f  0 .0 6 3 %  m ethyl and  0 .0 2 3 %  p rop y l 
p h yd roxyb en zoa tes .

D r . B r o w n  : I  th ink  y ou  w ill find in  th e pap er th a t w e agree th a t th e co n 
cen tra tion  recom m en ded  in  th e B .P .C . is n ot lik e ly  to  prod u ce  sterility  w ith  such  
organism s as P s e u d o m o n a s  a e r u g in o s a .  H ow ever, I  person a lly  th in k  th a t th is  field 
has been  clu ttered  up w ith  all sorts o f  op in ions an d  assertions. O ne can  p ick  a lm ost 
a n y  ch em ical and  it  is possib le  to  find three o r  fou r  references to  w orkers recom m en d
in g  it. If, how ever, on e cr it ica lly  evaluates th e  experim enta l procedures th e 
recom m en dation  o ften  la ck s  w eigh t. W e  h ave  to  g ive  p articu lar em phasis t o  th ose  
w orkers w h o  h ave  precisely  stated  th eir experim enta l con ditions, h ave stated  h ow  
m a n y  cells th e y  used, w hat th e m edium  was, recov ery  con d ition s  and  h ave correlated  
th e  efficiency o f  th eir in activa tin g  agents w ith  i n  v iv o  tests. F ew  peop le  h ave  done 
th is. R iegelm an  e t  a l  (1 ) in  the U .S .A . h ave done th is. T h eir w ork  was fo llow ed 
b y  K oh n  e t  a l w ith  tw o  exce llen t papers (24 ,25). I am  unable to  com m en t on  y ou r 
reference to  th e  experience o f  M üller because I have n ot had  an op p ortu n ity  to  see 
th is  reference. I  h ave seen th e  reference b y  M on tgom ery  and  H alsall (64 ), and 
a lth ough  th e y  recom m en d  th e h y d roxy ben zoa tes  th e y  g ive  n o experim ental details 
a b o u t th eir findings. I  am  n o t criticis in g  th em  for  om ittin g  details because their 
v iew s w ere m erely  expressed in  a short letter.

M r . J. E . J e f f r ie s  : In  y ou r  sum m ary y ou  state  th a t a t present there is no 
single ideal preservative  fo r  op h th a lm ic preparations and  in  particu lar th a t strains 
o f  P s e u d o m o n e s  a e r u g in o s a  or  c lose ly  rela ted  ty p es  becom e resistant to  a ll kn ow n  
preservatives. R eferrin g  to  th e A c h r o m a b a c te r  species, there w ou ld  again  appear 
to  be  n o  effective  preservative  and  in a n y  case d ifferentiation  betw een  th e  tw o  types 
is v e ry  difficult. W ou ld  y ou  please in d ica te  if, in  fa ct, these organism s are very  
th erm olabile , since I  be lieve their optim u m  grow th  tem perature is o f  the order o f

(64) Montgomery, M. F. and K. G. Halsall, P h a rm a ceu t. J . 192 407 (1964).
(65) Sabalitschka, Th., P h a rm a z. Z tg . 108 1723 (1963).
(66) Williams, R. and Boehm, E. E. L a n cet  2 790 (1963).
(67) Pivnick, H. et al J . P h a rm a c. Sc. 52 883 (1963).
(68) Miiller, F. P h a rm a z. P ra x is  71 (1964).
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25°C w hilst a t 37° th e y  can  be  k illed  off, certa in ly  in  th e presence o f  preservatives 
such  as th e esters o f  J ihydroxyben zoic acid  a t norm al con centra tion  a fter n ot m ore 
than  tw o  d a y s ’ in cubation . T h is m igh t possib ly  be  a m ethod  o f  getting  ou t o f  
d ifficu lty  if one had  a b a tch  o f  m aterial th a t was subsequently  show n to  be  co n 
tam inated  h eav ily  w ith  A c h r o m o b a c te r , a lth ough  it w ou ld  o f  course suffer from  the 
serious draw back  th a t the p rod u cts  o f  m etabolism  w ou ld  still be present in the 
finished p rodu ct.

D r . B r o w n  : I w ou ld  ju st like to  m ake one slight correction . In  ou r paper 
w e d id  n ot state  th at strains o f  P s e u d o m o n a s  a e r u g in o s a  becom e resistant to  
all kn ow n  preservatives. P eop le  from  several quarters h ave been  saying th at 
com p ou n d  X  is the th ing. E xaggerated  claim s have been  m ade for  ch lorhexidine. 
W h a t w e state a b ov e  (p. 015) is rather d ifferent from  cla im ing th at P s e u d o m o n a s  
can b ecom e resistant to  all know n preservatives. T h e po in t we are m aking here 
is th a t w e shou ld  b e  cautious in a ccep tin g  a n y  new  chem ical th a t is heralded as a 
new  w ond er preservative. I d o  n ot believe there are any. I  am  puzzled  a b ou t 
v ou r  second  poin t. In  page 003 o f  ou r paper we m ention  P s e u d o m o n a s ,  w e m ention  
A e r o b a c te r  s u b t i l is  and C lo s tr id iu m . W e  d o  n ot, in  fact, m ention  A c h r o m o b a c te r .  
D o  y ou  in  fa c t m ean A c h r o m o b a c te r  ?

M r . J. E . J e f f r ie s  : Y es, I d o  m ean  A c h r o m o b a c te r . Surely  th is is a fairly 
com m on  con tam inant o f  w ater used in  the prod u ction  area and it is in  fa ct extrem ely  
difficu lt to  get rid o f  on ce  y ou  have it there. I t  appears particu larly  on  colum ns 
from  dem ineralized water.

D r . B r o w n  : I  m ust con fess I am  n ot an exp ert in th is field and as far as 
I k n ow  A c h r o m o b a c te r  is n ot pathogen ic, and is n o t particu larly  therm olabile . I 
look ed  it up in B erg ley  and the original ty p e  species is reported a t 20° to  25° 
optim u m  grow th . U n fortu n ate ly  th is was a v ery  early  w ork  and certain  im 
porta n t tests th at n ow  seem  to  be necessary w ere n o t carried ou t. There are 
m a n y  oth er species listed  where th e op tim u m  grow th  tem perature is m ore norm al. 
A s  far as th e heat resistance is con cerned , I d o  n o t th ink  it is particu larly  heat 
labile. Y o u  m a y  h ave com e across som e od d  strains th at are, b u t I certa in ly  
have not.

D r . O. D . P r id d l e  : W h at, in y ou r op in ion , is a g ood  preservative for fluorescein 
sod iu m  solutions ? F luorescein , as a h igh m olecu lar w eight anion , shou ld  react 
w ith  a ca tion  such as benzalkon ium  and the phenylm ercurate ion.

D r . B r o w n  : Mr. N orton  and I  agree th at the ideal w ould  be a sterile single 
dose unit fo r  fluorescein  sodium , w hich  is m ain ly  used as a d iagnostic agent. I w ould  
also like to  m ake the po in t th at although  I have in fact w ork ed  at one eye hospital 
I am  in form ed th a t because fluorescein  is used frequen tly  in eye hospitals, it is quite 
com m on  to  have a b ottle  o f  fluorescein  used for  m on th s and  I suspect th a t because 
o f  th is there h ave been  so m an y reports o f  fluorescein  con tam inated  b y  P s e u d o m o n a s .  
I suspect th at if it  \vere cu stom ary  fo r  cu ps o f  tea  to  be  le ft  around for  m onths there 
w ou ld  be num erous reports o f  tea  being  a m arvellous m ed ium  for  P s e u d o m o n a s .  
I th ink  th a t th e p rob lem  cou ld  be e lim inated in th is particu lar case w here it has 
a specific use as a d iagnostic agent b y  using sterile, single unit drops.

T h e A ustralian  form u lary  w hich  has ju st been  published , uses 0 .0 0 4 %  P .M .N . 
w ith  fluorescein, and  the B .P .C . o f  course used 0 .0 0 2 %  P .M .N . I t  w ou ld  appear
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th a t th e y  shou ld react. I am  n ot sure th at a n y b o d y  has show n w hether in fact 
it does happen  at th is con centration .

D r . O. D . P r id d l e  : Can y ou  m ake a n y  com m en ts on  the p h ysica l stab ility  o f 
com p a ra tiv e ly  low  m olecular w eight preservatives such as ch lorobu tan ol or phenyl- 
eth anol in solutions con ta in ed  in po lyeth y len e  or other p lastic bottles  ?

D r . B r o w n : I t  seem s v ery  lik e ly  th at there is absorption  o f  som e sort betw een  
p lastics and  phenols and as far as we know , n ot th at w e kn ow  v ery  m uch , v ery  
little  is published on  this. I th ink  it is v ery  im portan t and we, at B ristol, are certa in ly  
com in g  to  the conclusion  th at we should be progressing tow ards m ass produced , 
sm all vo lu m e eye d rop  preparations, rather than  extem poraneous preparations as 
th e norm . In form ation  a b ou t th e effect o f  these low  m olecular w eight preservatives 
in th e presence o f  p lastics w ou ld  be useful.

M r . M. J. G r o v e s  : W e  w ere interested to  n ote  th at you  refer to  B r o n o p o l  under 
th e head ing o f  agents n ot w idely  used as preservatives, the inference being th a t it 
cou ld  p ossib ly  be  considered as a preservative for  eye drops. W e  are also interested 
in th is b u t w e w ou ld  like to  sound a n ote  o f  w arning since B r o n o p o l  is n ot stable 
a t an alkaline p H . W e  have exam ined  the eye drops officia lly  form ulated  in the 
B ritish  P h arm aceutical C odex . A  num ber o f  these are alkaloidal solutions and hence 
acid ic  in reaction . B u t o f  the 20 eye drops in the C odex, 10 w ou ld  appear to  be either 
d irectly  in com p atib le  w ith  B r o n o p o l  or  con tra in d icated  because o f  the p H . T h e use 
o f  B r o n o p o l  as a preservative  is th erefore som ew hat lim ited  and  in add ition  it w ould  
be necessary to  establish  b ey on d  reasonable dou b t, th a t th is new  antibacterial, and 
I em phasize th e w ord  new  or untried, is com p lete ly  safe to  use in  the eye. Som e 
w ork  in our ow n laboratories w hich  has been  undertaken on  the effect o f  B r o n o p o l  
in  ra b b it eyes had given  encouragin g results so far, bu t there is lim ited in form ation  
a t present on  th e effects on  hum an eye. W e  can  o n ly  reiterate D r. H arold  D avis ' 
com m en t a t the recent B ritish  Pharm aceutical C onference, to  the effect th at reliable 
in form ation  a b ou t sa fety  m ust be  ob ta in ed  under the con ditions in w hich  the m aterials 
can  be used.

D r . B r o w n  : I agree and I  w ou ld  like to  po in t ou t that B r o n o p o l  is m entioned 
under the h eading o f  agents n o t w id e ly  used as preservatives. In  the sum m ary 
an d  con clusion s w e have n ot m ade an y  reference to  it a t all. W e  have ignored 
it, because m ore w ork  w ill c learly  h ave to  be  don e  on  it, as you  have suggested.

M iss B. C r o s h a w  : There is a further w ord  o f  cau tion  I w ould  like to  add  regarding 
B r o n o p o l .  A lthou gh  we have show n th a t it is bacteriosta tic  against both  gram 
negative and gram -p ositive  bacteria  a t sim ilar concentrations, the bactericidal a ctiv ity  
is m u ch  greater against gram -negative  organism s than against gram -positive. F or  this 
reason w e w ould  n ot recom m end the use o f  B r o n o p o l  a lone as a satisfactory  pre
servative  for  oph th a lm ic solutions. A lth ou gh  y ou  d o  n ot like com binations, we 
w ou ld  on ly  con sider it  in  com bin ation  w ith  benzalkonium  ch loride or som eth ing 
sim ilar. I d o  n ot th ink  w e should be arguing w hether A c h r o m o b a c te r  is or is n ot 
p athogen ic to  eyes. I  th ink  a n y  organism  in  an eye d rop  m ust be regarded as a 
potentia l pathogen , and a preservative th at does n ot deal w ith  it can  n ot really  be 
considered as satisfactory .

C oncerning th e use o f  ch lorhex id in e and its breakdow n  on  heating : A re the 
breakdow n  p rodu cts  b a cterio log ica lly  active?
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D r . B r o w n  : I  agree com p lete ly  w ith  the first p art o f  y ou r rem arks. I  w ou ld  
ju st like to  com m en t on  y ou r rem ark th a t w e d o  n ot like com binations, as I  d o  
n ot th in k  th is is correct. W e  h ave  stated  th a t th e y  shou ld  n ot be  used indis
crim inately . A  great deal o f  w ork  has been  done on  synergism , antagonism , 
and add itive  a ction . I t  w as orig ina lly  th ou gh t th a t if y ou  h ad  one antib io tic  th a t 
k illed  cells in th e b o d y  and another one th a t d id  th e sam e, then  ob v iou s ly  th e  tw o  
togeth er w ou ld  b e  tw ice  as good . This, o f  course, w as n o t true and w e w ere m erely  
referring to  th e fa c t  th a t th e y  shou ld  n o t b e  com bin ed  indiscrim inately .

I agree th a t a n y  organism  w hich  is h ap p ily  surv iv ing  in  th e presence o f  th e  
preservative, should be  regarded as p oten tia lly  dangerous. I o n ly  m ade th e  rem ark 
because I  th ou gh t th a t Mr. Jeffries was perhaps referring to  A e r o b a c ta ,  and n o t  
A  ch ro m o b a c te r .

W e w ere rather tim id  a b ou t our reference to  breakdow n  o f  ch lorhex idine because 
th e literature con tains to o  m an y personal com m u nications and statem ents o f  opin ion . 
N evertheless w e h ave it on  g ood  a u th ority  th at heating ch lorhex idine in  solution  
and a u toclav in g  it, d id  in fa c t p rod u ce  com p ou n d s w hich  cou ld  w ell b e  to x ic  and 
th a t th is w ou ld  h ave to  be  exam ined before  using th is m ethod . This w ou ld  n o t 
preclude th e  use o f ch lorhex id ine in  a filtered solution , or sterilizing in  som e o th er 
w ay. I  d o  n ot k n ow  w hether these degradation  p rodu cts  are harm ful to  the bacteria.

M r . A . G. H o p k in s  : A t  th e  present tim e quaternary am m onium  com pou nds are 
b ecom in g  suspect as causing indurated ulcers, especia lly  in dam aged tissue. D oes  
th is n ot rule ou t substances like benzalkon ium  ch loride, cetrim ide, etc. ?

D r . B r o w n  : W e  h ave heard a b ou t m an y defects o f  the quaternary am m onium  
com pou nds, particu larly  benzalkon iu m  ch loride. I t  has been  stated, for  exam ple, 
th a t it  d issolves th e intercellular cem ent o f  th e cornea. I  h ave never heard o f  th is 
particu lar problem  b u t I th ink  perhaps th e prob lem  is elim inated if, w hen using 
th e dam aged eye, n o preservative a t all is used unless it is abso lu te ly  necessary. 
Certainly during an operation  w hen  y ou  are irrigating, say, the anterior cham ber, 
y o u  should use sterile saline or sterile w ater, or w hatever it is th a t is required, w ith ou t 
an y  preservative. W h a t real ev idence there is a b ou t th is ty p e  o f  u lcer I d o  n ot know . 
Is it  m ore th an  a report ?

M r . A . G. H o p k in s  : I t  is qu ite  factual and  there h ave been  som e reports in 
th e last tw o  or three w eeks on  this. In  fa c t  th e use o f  D equadin , D equalin ium  
ch loride and even  cetrim ide is being  curta iled  because o f  these reports. I d o  n ot 
kn ow  w hether anyone else has heard anyth ing a b ou t this.

D r . B r o w n  : In  A m erica  benzalkon ium  ch loride has been  used for  a g ood  num ber 
o f  years as a preservative o f  ch oice , and has been  th e official preservative. There 
are a g ood  n um ber o f  hosp ita ls in  A m erica  and I shou ld h ave th ou gh t th a t benza l
kon ium  ch loride had  been  exp osed  to  sufficient possib ilities causing problem s, to  
h ave really  s tood  th e test. W e  h ave o n ly  been  able to  find a b ou t tw o  cases w here 
there was p ro o f th a t a resistant strain  to  benzalkon ium  ch loride had arisen. I  th ink  
it is easy, if y ou  abuse th e techniques, t o  p roduce  resistant strains to  benzolkon iu m  
chloride.

M r . J. A . M y e r s  : A re  y ou  n ow  in a position  to  suggest a suitable preservative 
fo r  a n y  o f  th e eye drops in th e B ritish  P harm aceutical C od ex  ?

D r . B r o w n  : W e  w ou ld  like to  suggest, and  I am  n ot sure, th a t th e  B .P .C .
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C om m ittee agrees, th a t each  preparation  be  regarded in its ow n  right and  to  
elim inate the a ttitu de o f  “ w hich  is th e  best preservative  ? ’ ’ N o t  to  say, "w e  w ill 
use ch lorhexidine, or w e w ill use ^ h y d rox y b en zoa tes ,”  b u t t o  look  at each  particu lar 
com p ou n d , and  at each  form u lation , because each  form u lation  cou ld  be different 
and  cou ld  in v o lv e  th e  necessity  o f  using a d ifferent k ind o f  preservative. I t  is 
therefore advisab le  t o  h ave in  on e ’s a rm ou ry as m an y preservatives as possible 
and n o t t o  elim inate a n y  unless on e has to . I  th ink  th a t th is is th e app roach  
th a t w ill be  taken  in  E n gland  from  n ow  on , i.e. th a t w e w ill look  at each  pre
paration  and consider it  on  its ow n  m erits. This, as P rofessor N euw ald has 
m en tioned, occu rs in Austria.

M r . W . T r il l w o o d  : I t  seem s to  m e th a t w e are v ery  little  further forw ard than 
w e w ere 20 years ago. W e  d o  n o t h ave a suitable container, w e h ave one o r  tw o 
eye drops th a t are ava ilab le  as single dose containers, if w e can  ca ll it  that. I th ink 
w e h ave  surely  reached the stage w hen, for  surgical theatre w ork  on  dam aged  eyes, 
it  m ust b e  a single dose con tain er and  y e t  w e are lim ited  to  perhaps five drugs if 
w e d o  this. W e  then  turn  to  th e th ings w hich  are available  com m ercia lly ; none 
o f  these, as far as I know , are ava ilab le  in  a  single d rop  container. T h e p oin t has 
been  m ade a b ou t the im proper use in hosp ita l o f  in jections b y  nurses. I w onder 
if  it  is gen erally  realized w hat k ind o f  a m ov in g  p op u la tion  w e h ave to  deal w ith  
in  hospitals. T h e nurses are m ov in g  all the tim e th ey  are in  training. W e  have 
m ov in g  p op u lations o f  m edica l staff, too . A n d  w hatever drill on e lays dow n  to d a y  
is obso lete  tom orrow  unless peop le  are con tin u ou sly  w atch ed . W ith  eye drops it is 
even  w orse. T h ey  are le ft in  th e hands o f  patients. T h ey  are liable t o  tou ch  the 
m argin  w h ich  m a y  be  con tam inated , and  a fter th e first d rop  is used, the dropper 
is p u t b a ck  again and  the con ten ts  are con tam inated . T hese are the practica l 
problem s w e are up against in  h ospitals. F or  dam aged eyes on e m ust suggest 
single d rop  con tainers as far as possible, and the sm allest possib le container.

D r . B r o w n  : I  believe there are single dose units on  the m arket, and I believe 
th at a B .S .S . for m u ltidose containers is on  its w ay. Mr. N orton  has details o f  it.

M r . F . B r o p h y  : I  con firm  th a t there are already a  sm all num ber o f  2 m l single 
dose phials available  on  the B ritish  m arket, w hich  are com p lete ly  sterile. A  balanced  
salt solution , w hich  is com p lete ly  sterile, is also shortly  to  be available here.

M r . D . A . N o r t o n  : A  com m ittee  o f  the B ritish  Standards In stitu tion  has been  
in vestigating  pharm aceutical con tain ers for  th e last tw o  years o r  so, and  one o f  the 
subcom m ittees has been  dealing w ith  th e m u ltidose eye d rop  container. W e  
recogn ize, I think, th a t the need for  extem p oraneou sly  prepared preparations w ill 
go  on  for  som e tim e and th is standard recogn izes it. T h e m ain aim  o f  th e speci
fica tion  is to  p rod u ce  a b o tt le  w hich  w ill w ith stan d a u toclav in g  w hen  prop erly  sealed 
and  w ith  th e m edicam ents con ta in ed  therein . T h is w as th e requ irem ent for  a u to 
clav in g  laid  dow n  som e tim e ago in earlier papers. I h ope  th at th is specification  
w ill be  published qu ite  shortly , and I understand th a t a lm ost final agreem ent has 
been  reached on  th is standard.

D r . H a r r is  : T h e question  con cern in g corneal u lceration  fo llow in g  quaternary 
am m oniu m  com p ou n d s is, I th ink , on e o f  con centra tion . Som e w ork  has been 
published on  this. Som e w ork  w as don e  in  A ustralia  w here I believe it  w as show n 
fairly  clearly  th a t th e con centra tion  n orm ally  used to  preserve eye drops does n ot 
really  g ive  a n y  troub le , n ot even  over lon g  periods.
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Hygiene in Manufacturing Plant and 
its Effect on the Preservation of 
Emulsions

D O R E E N  L . W E D D E R B U R N *

Presented at the Symposium on “ Preservatives and Antioxidants” , 
organized by the Pharmaceutical Society of Great Britain and the Society 
of Cosmetic Chemists o f Great Britain, in London on 17th November 1964.

S y n op s is— Emulsions, which under normal circumstances are adequately preserved against 
microbial decomposition, can and often do break down when unusually large numbers of 
micro-organisms are accidentally introduced. The origins o f excessive contamination 
frequently lie in the resin beds o f demineralized water units, in filters, and in poorly designed 
plant which cannot be cleaned and sterilized effectively.

Precautions can be taken to avoid circumstances in which bacteria and fungi can multiply 
in manufacturing plant, and the best ways of guarding against this are the elimination of 
“ blind ends”  and dead spaces in equipment, and meticulous attention to  plant cleaning and 
sterilization. The washing of machinery with warm detergent solutions is often inadequate 
because residues of emulsion diluted with the wash-solution can provide a favourable environ
ment for rapid microbial growth in stagnation areas.

Lessons in good plant design and hygienic practice can be learned from the food industry 
where good housekeeping is essential in the avoidance of spoilage. Modern pharmaceutical 
and cosmetic emulsions are more susceptible to microbial decomposition than they were in 
the past, because many new materials are biodegradable, and consequently more rigorous 
standards of cleanliness, and sterility are now needed in manufacture.

In most well run factories, gross contamination of products by 
undesirable chemicals and frank dirt is usually avoided because such 
contamination is readily detected during routine testing and quality 
control. The unseen contamination by unusually large numbers of 
bacteria or fungi, which can occur from time to time, however, is probably 
the biggest enemy in a factory producing emulsions. Firstly, because
*Unilever Research Laboratory, Isleworth, Middlesex.
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routine testing may not include microbial assay, and secondly even if it 
does, the examination of small batch samples may fail to reveal the 
potential dangers.

Emulsions designed for topical application to the skin such as cosmetic 
creams and lotions need not, of course, be completely free from non- 
pathogenic bacteria and fungi, but the few organisms present in any 
product at the time of manufacture must be prevented from multiplying 
during the product’s shelf and user life by an effective preservative. In 
general, preservatives are included in these products at a low concentration 
which is only sufficient to hold moderate numbers of organisms in a 
quiescent state, and an increase in preservative concentration is often 
undesirable because of increased cost and, perhaps more important, the 
increased risk of toxicity to the skin and mucous membranes.

If, by any chance, unusually large numbers of organisms are introduced 
into a product during manufacture or packaging, a preservative which is 
normally perfectly adequate may be overcome with the result that the 
product is virtually unprotected against microbial spoilage. In these 
circumstances, the emulsion may break down because the emulsifier has 
been metabolized, off-odours may develop as a result of utilization of 
various constituents, gas may be produced, discolouration may occur if 
pigmenting bacteria are responsible, and perhaps worst of all because of 
its visibility to the customer, fungal growth may occur on the surface 
of the product and inside the pack.

There are no hard and fast rules about the “best” types of preservatives 
for use in emulsions nor about the concentrations at which they should 
be used since all emulsions differ in their physical characteristics, and in 
the nature and concentration of their constituents. Some constituents 
will restrict microbial activity, while others will provide nourishment for 
growth ; some may be grossly contaminated themselves. The pH of the 
product may favour or discourage growth of some organisms, and the 
ratio of water to oil will also influence the likelihood of the survival and 
multiplication of micro-organisms. For all these reasons, a preservative 
must be selected on the basis of its suitability for one particular system, 
and not because it has proved effective in other systems. Suggestions 
about the preservation of emulsions are given by Wedderburn (1). Once 
a compatible and effective preservative has been selected, however, 
steps must be taken to ensure that it does not fail in the occasional 
batch of product when manufacturing conditions are not all that they 
should be.
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T h e  O r i g i n s  o f  C o n t a m i n a t i o n

Water supplies, raw materials, sacks, bags, drums and vats in which 
ingredients are packed, air and dust, and the final product packing 
materials are all vehicles by which unusually large numbers of micro
organisms can enter even the best run factories. Unfortunately, spot- 
checks for microbial contamination do not provide a complete safeguard 
as pockets of organisms in otherwise satisfactory materials and equipment 
can often provide greater problems than moderate numbers evenly dis
tributed throughout. These pockets can easily be missed by the usual 
microbiological test techniques, and the only solution to this insidious 
problem is awareness of possible danger points, constant vigilance, and 
high standards of factory control.

Demineralized water is contaminated more often than not, and the resin 
beds of ion exchangers are usually responsible. Baker (2) has cited a case 
where water entering an ion exchange unit contained four to five bacteria 
per ml, and left the apparatus carrying 500,000 per ml. Frequent sterili
zation of the resin beds in these units is desirable because the organic 
matter trapped in them provides excellent growth conditions for organisms. 
Eisman et al (3) have also studied this problem and suggest that if the 
deionizing units are operated daily, contamination is less likely to occur 
than if they are only used intermittently and water is stored in large 
quantities where rapid multiplication can occur in short periods. Cruick- 
shank et al (4) found irrigation of ion exchange beds with 0.25 per cent 
formalin (0.1 per cent formaldehyde) satisfactory for sterilization.

In factories where filtered tap water is used instead of demineralized 
water, the same attention should be paid to the filters as to deionizing 
beds. Frequent renewal of filters is, of course, preferable to sterilization 
particularly if organic matter collects in the filter, as this is often present 
in sufficient quantity to render the sterilizing fluid inactive against the 
organisms present.

Stagnant water, and damp patches on walls, ceilings, and under 
stacks of raw materials are an eternal enemy to hygienic manufacture, 
as both bacteria and fungi will thrive in these conditions, become airborne, 
and eventually enter the plant. Equal, if less obvious, sources of aerial 
contamination are draughts which disturb dust and microbial spores.

Of the raw materials entering a factory those of natural origin, such 
as the gums tragacanth, acacia and karaya, and solids like chalk, talc, 
kaolin and rice starch, are much more liable to carry large numbers of 
micro-organisms than the refined oils, fats and waxes, or synthetic materials,



3 9 8 J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

and should, where possible, be stored away from the plant and out of 
draughts which could disseminate their flora.

P l a n t  C l e a n i n g

Fully continuous production of a single formulation seldom occurs in 
any one piece of equipment, and many cosmetic and pharmaceutical 
factories make several formulations in the same plant. The intervals 
between use of the machinery may vary from hours to weeks, and the 
plant may be cleaned immediately after production of the last batch of 
one product or just before manufacture of the next. The time during 
which the equipment is idle is, however, important from the microbiological 
point of view regardless of whether it occurs before or after the cleaning 
process. Undisturbed residues in dark, damp and often warm areas of a 
plant are danger points, because these are the conditions best suited to 
rapid microbial multiplication. Favourable growth conditions also occur 
in a plant which has been sluiced through with warm detergent solution 
and left without further treatment. Many types of bacteria grow actively 
in dilute detergent solutions and a quick rinse through of any plant will 
remove some, but not all, of the previous product, leaving a nutritious 
mixture of detergent and product in which the preservative has been 
diluted beyond effectiveness.

Few manufacturing plants are entirely free from stagnation areas in 
pumps, joints, pipelines, pressure gauges and valves, and large masses 
of microbial growth can form in very small amounts of liquid left un
disturbed for a few hours.

Sokolski et al (5) have reported an example of contamination of a 
product from an accumulation of organisms in a trap in a production 
pipeline. The product contained clay, which can often be heavily con
taminated, and pectin which can be metabolized and give rise to rapid 
growth. It also contained methyl ^»bydroxybenzoate, and the product 
was usually perfectly satisfactorily protected against growth of the normal 
number of organisms present. However, when the trap in the pipeline 
became heavily contaminated with organisms, clumps of growth occasion
ally broke away and the numbers were sufficient to overcome the pre
servative and cause product spoilage. Another interesting observation in 
this case study was that the offending organism Cladosporium  resinae was 
capable of utilizing the preservative, methyl ^hydroxybenzoate when its 
concentration was reduced below 0.15 per cent.

Complete and thorough removal of product residues is essential if a



F ig u re  1
Gear pump with integral relief valve

An example of good engineering but poor plant design. The relief valve prevents damage 
by pumping against excessive pressure heads, but since it is awkward to  clean, and it is not 
obvious when the valve has operated, it tends to be “ missed”  and so provides a potential 
microbial breeding ground.

F ig u re  2
Good plant design spoilt by  lack of attention to detail 

There are a number of easily dismantled and easily cleaned cocks and pipeworks, but the 
plant is spoilt by the use of glycerine filled U-tubes to pressure gauges, and the presence of 
plug valves, and pressure glands on the gear pump. There is also a lack of drain cocks on 
fixed items, and too many right-angled joints exist, all making adequate cleaning impossible.

Facini’ page 3!)8



F ig u re  3
Manifold to reduce number of unions

The number of joints is reduced to a minimum by the use of a manifold. There are few 
right-angled internal corners ; dismantling, cleaning and sterilizing are therefore easy.

Facing page S-PJ
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piece of machinery is to be left idle for even a few hours, as thin films of 
product may trap and protect organisms beneath them, and diluted pools 
of product will allow infected foci to develop. Hot detergent solutions 
are satisfactory for most emulsion plants, but, particularly in plants used 
to make w/o emulsions, it is usually necessary to couple circulation of the 
solution with mechanical scrubbing and the dismantling of all inaccessible 
joints. This inevitably calls attention to plant design, and the necessity 
for smooth surfaces to working parts, the absence of “blind ends,” and 
the need for easily opened joints cannot be stressed too strongly. If these 
conditions cannot be met in older machinery, it is often better to leave 
equipment unwashed before idle time, assuming the last made product 
contained an effective preservative, than to wash through and risk 
dilution of the product and the ensuing dangers of growth in stagnation 
areas.

Figures 1 and 2 show examples of parts of plant which are difficult 
to dismantle and clean, while F ig. 3  illustrates equipment of better design.

P l a n t  S t e r i l i z a t i o n

Cleaning and the removal of product residues should always be followed 
by sterilization, especially if the plant is not to be used again immediately. 
The fact that a single bacterium can give rise in five hours to over 1,000,000 
like itself shows the risks of delaying sterilization after washing, which 
in itself can never remove all micro-organisms.

Sterilization by heat is the most effective means of ensuring destruction 
of all micro-organisms. Vegetative bacteria and fungi are destroyed by 
boiling for 5 to 10 minutes, but the only certain methods of destroying 
bacterial and fungal spores are by autoclaving at 120°C for 20 min or by 
holding at dry heat of 170°C for 2 hours. These procedures are, of course, 
not practicable for large manufacturing plants, and pasteurization which 
involves holding at 65°C for half-an-hour is not recommended since this, 
although effective against some pathogenic bacteria, does not affect heat 
resistant bacteria or spores.

Chemical sterilization is an alternative to heat treatment, and is effective 
in most instances but, because spores are not always destroyed, must be 
preceded by thorough washing to remove mechanically as much con
tamination as possible. The use of strong concentrations of chemical 
disinfectants at very high temperatures is a safeguard if contamination 
from spores is suspected, but these measures are often difficult to carry 
out. Davis (6) has reviewed the application of chemical sterilization of

4
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plant used in the processing of food, milk, beer and textiles, and gives 
the advantages and disadvantages of several procedures.

Chlorine or hypochlorite is the best sterilant for most purposes as it is 
active against almost all organisms, is cheap, and is easy to prepare for 
use. Its odour is, of course, a disadvantage when hot solutions are used, 
and it is also corrosive at pH lower than 9. Above this pH, however, 
corrosion is not a problem in stainless steel machinery, although it should 
not be used in aluminium vessels. Cold solutions of hypochlorite to give 
200 to 250 ppm of available chlorine will sterilize metal and glass surfaces 
after 5 min provided all organic matter has been washed away previously.

Formaldehyde or formalin is also a convenient sterilizing material for 
use after plant washing. Like chlorine, it is substantially inactivated by 
organic matter, and although its action on micro-organisms is rapid, its 
use suffers from the disadvantage that many plant operators are sensitive 
to its vapours. Intense irritation in the mucous membranes of the eyes, 
nose and throat can develop in people who are hypersensitive, and cases 
of these symptoms have been known even if the cork is removed from 
a formalin bottle in the vicinity of one of these unfortunate victims. For 
this reason, a cold solution should be used at a concentration of about
0.5 per cent formalin (0.2 per cent formaldehyde) and then only when 
non-allergic operators are present. This concentration will sterilize surfaces, 
free from organic matter, in 10 minutes.

Quaternary ammonium compounds, although weight for weight less 
effective than chlorine and formaldehyde, have advantages such as being 
relatively odourless, much less toxic to man, and far less corrosive than 
chlorine. They do not, however, have such a wide spectrum of anti
microbial action and are more effective against gram positive bacteria 
and vegetative forms of fungi than against gram negative bacteria. As 
well as being rendered less effective by organic matter, they are also 
inactivated by anionic detergents. Being surface active themselves, they 
can in some cases be used to clean the plant as well as to sanitize, although 
their detergent action may be too weak where water-in-oil emulsions are 
manufactured. A concentration of 0.5 per cent of benzalkonium chloride 
at about 60°C will sterilize previously cleaned smooth surfaces in less than 
10 minutes.

Iodophors are prepared by the action of iodine on nonionic detergents 
in acid solution, and have both mild detergent and sterilizing actions. It is 
claimed that iodine in this form is as effective as the available chlorine 
in hypochlorite, but as these compounds are relatively untried in treating
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emulsion manufacturing plant, definite recommendations about usage 
cannot be made.

T r e a t m e n t  a f t e r  P l a n t  S t e r i l i z a t i o n

Residues of disinfectant solution must be removed from the plant after 
sterilization without recontaminating the machinery, and the best way of 
doing this is to irrigate with sterile water.

The risk of recontaminating sterile machinery is high if cold water from 
a distilled or demineralized water storage tank is used, and boiled or 
autoclaved water is preferable, particularly if the plant is to be left idle 
before the next batch of product is made.

Ideally, equipment should be washed, sterilized and rinsed immediately 
before use, but if it is necessary to stop operations at some point during 
this 3-stage process, the safest point to break off is after chemical steriliza
tion, and before rinsing. Leaving the plant idle after detergent washing 
or after final rinsing is potentially dangerous from the microbiological 
point of view unless the machinery is thoroughly dried inside and out.

(.Received : 11th September 1964) 
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Introduction by the lecturer

In  th e cosm etic  in d u stry  in particu lar m a n y  ty p es  o f  form ulations are m ad e in 
th e sam e p lan t, and  th e in tervals betw een  m aking on e form u la  and  the n e x t can 
v a ry  from  days to  weeks, and  th e tim e during w hich  the p lan t is idle can  b e  v ery  
dangerous indeed from  a m icrob io log ica l p o in t o f  v iew . A lth ou gh  m ost o f  the 
peop le  con cerned  w ith  th e form u lation  o f  em ulsions are fu lly  aw are o f  these dangers, 
p lan t operatives seldom  are and  a lo t  m ore ou gh t to  be  don e  in their training. T h ey  
are v e ry  seldom  aw are th a t an  a d equ ate ly  preserved em ulsion, under clean  con ditions, 
w ill beh ave  v e ry  d ifferently  w hen  there is m assive and  accid ental con tam ination , 
either th rou gh  fau lty  p lan t clean ing o r  th rou gh  th e use o f  a certain  raw  m aterial 
th at m ight, b y  chance, h ave been  v ery  h eav ily  con tam inated .

F a cto ry  hands a lso ca n n ot p ossib ly  b e  exp ected  to  k n ow  h ow  q u ick ly  bacteria  
can  m u ltip ly  and  change raw  m aterials com p lete ly . N or  can  th e y  be  exp ected  
to  k n ow  w hich  o f  th e  m a n y  raw  m aterials h an dled  are likely  to  b e  v ery  h eav ily
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con tam inated , e.g. the gum s acacia, karaya  and tragacanth , and chalk, kaolin , rice 
starch  and various pigm ents, o ften  carry a v ery  rich  flora them selves.

D ilu te  solutions o f  anion ic and n on ion ic detergents, le ft in a p lant betw een  clean- 
and sterilizing can  lead to  v ery  h eav y  con tam in ation  as m icro-organism s, particu larly  
the gram -n egatives like P s e u d o m o n a d s  w ill grow  quite readily  in these solutions.

I d id  m ention  th e  im portan ce o f  hav ing p lant th at is easy to  dism antle, and can 
therefore easily be cleaned. D ism antling is therefore im portan t, as is cleaning. T he 
p lan t should be  washed th orou gh ly  using m echanical m eans if necessary, particu larly  
w ith  w /o  em ulsions, w hich  are n ot easily rinsed and rem oved  from  the plant. 
F o llo w  th is b y  sterilization, and then  b y  rinsing.

These fou r procedures can v ery  seldom  b e  carried out in qu ick  succession w ith ou t 
a break.

In  m y  op in ion  it  is im portan t n ot to  h ave a break a fter the cleaning process, 
because o f  th e danger o f h av ing  p rod u ct residues diluted w ith  anion ic detergents 
th a t can  easily and v ery  qu ick ly  be m etabolized  b y  m icro-organism s. I f  a break  
is necessary, it shou ld be either after d ism antling b u t before  cleaning, and preferab ly  
a fter sterilization. In  th a t even t the sterilizing fluid is le ft in the p lant during the 
idle tim e. O ne should take care th at rinsing is n ot carried ou t w ith  w ater from  
con tam inated  dem ineralized storage units. E ither boiled , or v ery  h ot w ater w hich  
is un likely  to  carry  rich  flora, should be used for  th is purpose.

D IS C U S S IO N

M r . N . J. V a n  A b b é  : I believe th a t th e question  o f p lan t hygiene as discussed 
b y  you , is o f  great im portan ce w hether or n ot a finished p rod u ct includes a pre
servative. F or  th is reason, I  shou ld like to  m ake one or tw o  suggestions.

In  the first p lace, m ains, distilled or dem ineralized w ater is a principal constituent 
o f  m an y  products, b u t few  com panies, I believe, observe the sam e qu a lity  con tro l 
ov er  it th a t th ey  ap p ly  to  oth er raw  m aterials. B earing in m ind  th e labyrin th  o f  
p ip ew ork  th rough  w hich  w ater usually  passes on  its w a y  to  the p rod u ction  plant, 
and w hich  m ay w ell result in  con tam ination , I w ou ld  stron gly  a d v oca te  the setting -up  
o f  internal bacterio log ica l standards for w ater, and routine checks on  this.

S econdly , I feel th a t con nections o f  p lastic hose to  m etal p ipew ork  nozzles, as 
show n in F i g .  3 , o ffer a d istinct con tam in ation  risk. A  film  o f stagnant p rod u ct is 
liable to  rem ain betw een  th e  p lastic and the m etal and th is cou ld  easily serve as a 
reservoir o f  con tam ination  for  the bu lk  passing through. I f  jo in ts  o f  this ty p e  m ust 
be used, it  is a lw ays prudent to  fit a Jubilee clip  around the plastic as close to  the 
nozzle ou tlet as possible.

T h e  L e c t u r e r  : I agree th a t da ily  bacterio log ica l tests ou ght certa in ly  to  be 
carried ou t if  one is suspicious o f  th e w ater supply.

C oncerning th e p lastic pipe, I w ou ld  n ot really  th ink  th a t the add ition  o f  a Jubilee 
clip  w ou ld  solve  the p roblem . I w ou ld  h ope  th a t the w hole  assem bly w ou ld  be taken 
apart and cleaned th orou gh ly , and n ot cleaned in  s i tu . I t  is one o f  the advan tages 
o f  using plastic p ipe th a t one can  take it o ff and discard it quite frequently , because 
it is n ot v ery  expensive, and is v ery  easy to  replace.

M r . G. S y k e s  : In  term s o f  w ater supplies, I th ink  th at deion ized w ater is the m ost 
dangerous p rod u ct th a t has been  in trod u ced  in to  the pharm aceutical industry  in 
recent years, because if one runs a colu m n  con tin uou sly  it appears to  be  all right. 
If, h ow ever, one stops the system  overn ight, and certa in ly  over th e w eekend, an
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enorm ous bacterial p op u la tion  bu ilds up, w hich , I k n ow  from  experience, never 
gets rid  o f  itself. I t  is true th a t one can  use form ald ehyd e in order to  d isin fect 
th e colum n s, b u t then  there is th e  prob lem  o f  gettin g  rid  o f  the form aldehyde, w hich  
I  understand is even  m ore difficu lt th an  gettin g  rid  o f  th e bacteria .

Y o u  sa y  th a t the o n ly  certa in  m eth od  o f  destroy in g  bacteria  and fungal spores 
is b y  autoclav in g . I  w ou ld  like to  k n ow  if there are a n y  fungal spores w hich  w ill 
stand m ore than, sa y  100°C.

T h e  L e c t u r e r  : I  b e lieve  th a t there are fungal spores a m on gst som e o f  the 
P en icillia  w hich  w ill resist heating to  100°C or m ore.

M r . J. J e f f r ie s  : I t  is indeed v ery  im portan t to  get rid  o f  w hatever on e is 
using to  clean  up dem ineralized w ater, b e  it  form ald eh yd e o r  ch lorine, as all these 
com p ou n d s  can  p la y  h av oc, fo r  exam ple, w ith  dyes in the finished prod u ct. W e  are 
in a difficu lt position  in  th e p rob lem  o f  dem ineralized w ater versus distilled w ater 
because th e form er p rov id es  us w ith  th e o n ly  m eth od  o f  p rodu cin g  the volu m es o f  
w ater th a t w e need in  a com p a ra tiv e ly  short tim e, and  there are m an y occasion s 
w hen  one can  use thousands o f  ga llon s in  a norm al w ork ing day . O ne w ou ld  n ever 
ob ta in  th is v o lu m e o f  w ater from  a  con ven tion a l still.

M r s . H . B u t l e r  : I  .have had  th e  m isfortun e to  p roduce  a  fo o d  em ulsion  w hich  
is sold  th rou gh  chem ists and w here it  is im possib le to  use a preservative. U n for
tu n ate ly  w e g o t  a yeast in fection . I th in k  th a t the on ly  w ay  to  m ake sure th at 
w ater is sterile is t o  b o il it  w ell fo r  a  quarter o f  an  h our ju st before  use. D o  y ou  
agree w ith  th a t ?

I  th in k  th a t ju st rinsing is dangerous, because a w ater rinse w hich  dissolves the 
w ater from  y o u r  em ulsion  w ill leave a residue o f  o il on  th e  surface, w here spores 
can  stay. So the rinsing m ust be com bin ed  w ith  clean ing and  w e fou n d  th a t we 
h ad  to  p u m p  ch lorinated  w ater rou n d th e  system  before  m aking an y  p roduct. E ach  
b a tch  h ad  still to  be tested  for  organism s.

T h e  L e c t u r e r  : I  sym p ath ize  w ith  you  fo r  h av in g  a yeast in fection  in y o u r  p lant. 
T h is is a v e ry  n asty  th in g  to  get rid  o f. O n  th e  o th er hand, I  d o  n o t rea lly  th in k  
th a t ju st bo ilin g  y ou r  w ater w ill b e  sufficient, because y ou  m a y  w ell h ave  co n 
tam inants in  th e  fo rm  o f  spore bearin g  organism s. T h is is one o f  th e  reasons w h y  
dem ineralized w ater is so  g ood , and  d istilled  w ater even  better, p rov id ed  y o u r  resin 
beds and  the lines from  y ou r  storage tan ks to  y ou r  actu a l m anufacturing  p lan t are 
k ep t scru pu lously  clean.

M r s . H . B u t l e r  : W e  actu a lly  b o iled  the w ater phase a  quarter o f  an  hour. 
W e  th en  ad d ed  th e ingredients o f  th e w ater phase, w e b o iled  again, and  pu m p ed  
w ith ou t it being  open  to  th e atm osphere ; th e  sam e w ith  th e o il phase. F o r  the 
last fou r or five years w e h ave been  m an ufactu rin g  under those con d itions  w ith ou t 
a n y  m icro-organism s at all. W e  fou n d  th a t y east w as resistant even  to  h ypoch lorite , 
to  heat, and  w e still had  con tam in ation  a fter cook in g  th e o il phase fo r  a  quarter 
o f  an hour.

T h e  L e c t u r e r  : T h is is v ery  in teresting, b u t it  is laborious, v ery  expensive, and  
tim e-consum ing.
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The Sebaceous Glands
F. J. E B L IN G *

Based on a lecture delivered before the Society on 25th February 1965.

S y n op sis— The structure, mode of secretion, distribution and development of the sebaceous 
glands are reviewed, the composition of sebum is described, and its function is debated. The 
actions of androgens, oestrogens, and progestogens on the sebaceous glands are discussed. 
It is concluded that while traditional views of the function of the sebaceous gland may be 
challengeable, the gland is far from vestigial in structure and, moreover, its sensitivity to  
male hormones is no less than that of the accessory male sexual organs. For these reasons a 
functional status for the gland ought to be assumed, though it is possible that this is not yet 
fully understood.

I n t r o d u c t i o n

The human scalp and face may have as many as 900 sebaceous 
glands in each sq cm of skin (1). These glands produce a waxy secretion 
known as sebum, and in adults about 100 ,«g cm2/hr of lipid material can 
be removed from the forehead by absorption on pads of cigarette paper 
(2-4). Thus a single forehead, say 100 cm2 in area, produces nearly 2g of 
sebum in a week. What is sebum ? What is its function ? How it is 
produced and how is the activity of the sebaceous gland controlled ?

S t r u c t u r e , m o d e  o f  s e c r e t i o n , d i s t r i b u t i o n  a n d  d e v e l o p m e n t  

o f  S e b a c e o u s  G l a n d s

The sebaceous gland is holocrine ; its secretion is formed by complete 
disintegration of the glandular cells. In man the gland consists of a series 
of lobes or acini, each connecting to the main sebaceous duct which itself 
normally opens into the pilary canal (1); in rodents the gland consists 
only of one or two simple sacs. Sebaceous cells are replaced by cell division 
at the periphery of the lobes, and the cells differentiate and disintegrate as
*Department of Zoology, The University, Sheffield, 10, Yorks.

4 0 5



4 0 6 J O U R N A L  O F  T H E  S O C I E T Y  O F  C O S M E T I C  C H E M I S T S

they move towards the centre of the lobe and duct. In the human gland, 
the lobes are in different states of maturity ; it seems that new acini 
constantly arise from walls of the duct, grow into sebaceous units, fuse with 
adjacent lobes, and ultimately degenerate (1).

Sebaceous glands occur over much of the body, though not normally on 
the palms or soles, and only sparsely on the dorsal surfaces of the hand and 
foot ; they are largest and most numerous in the mid-line of the back, on 
the forehead and face, in the external auditory meatus and on the ano
genital surfaces (1).

In a number of sites sebaceous glands open directly to the surface of the 
skin and not by way of a hair follicle. Examples of such glands are the 
Meibomian glands of the eyelid and Tyson’s glands of the prepuce (1). 
Free sebaceous glands are also found in the areolae of the nipples and along 
the red margin of the upper lip (5). In the last site such glands are often 
visible to the naked eye as pale yellow bodies which vary in size from 
minute specks to about 1.5 mm in diameter. These are known as Fordyce’s 
spots, and appear to increase in number with age.

Large sebaceous glands not associated with hair follicles occur in many 
mammals (6). Such are the flask-shaped preputial glands -  opening by 
single ducts alongside the urethra -  of rodents, the inguinal glands of 
rabbits, the dorsal gland of kangaroo rats (7), the large supracaudal gland 
of guinea pigs (8), the abdominal glands of shrews, the intermandibular 
sebaceous glands of bats and pigs (6), the large “brachial glands”, one on 
the ventral surface of each shoulder, of male lemurs (6), and glands in the 
cloacal region of marsupials (9).

In the human foetus the sebaceous gland can be seen, as a small knob on 
the mid-posterior wall of the developing hair follicles, by 17 weeks of 
age (10). It is interesting to note that each developing follicle carries an 
apocrine sweat gland as well as a sebaceous gland, but the apocrine gland 
subsequently disappears except in a few regions of the body.

T h e  C o m p o s i t io n  a n d  F u n c t i o n  o f  S e b u m

Sebum is a complex mixture of lipid substances, and its detailed 
chemical composition is still incompletely known. Information which is 
available is based not on pure sebum, but on the mixture of sebum and 
epidermal lipids which makes up the surface film.

As much as 30 per cent of the skin surface fat may consist of free fatty 
acids. Though more than half of these are saturated and unsaturated C16 
and C18 acids, there is a wide range including branched and unbranched
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C17, C15, C14 and some shorter carbon chains (11,12). The remaining 
material consists of esterified acids, wax alcohols, squalene, sterols, and a 
small quantity of paraffin hydrocarbons which some authors believe are of 
environmental and not of endogenous origin.

It seems probable that the long fatty acids, ranging from 5 to 22 carbons 
with an average length of 16, are synthesized within the sebaceous cell, and 
that most of these are made into triglycerides. However, the esters are 
subjected to lipolytic activity by enzymes present in the sebaceous ducts 
and on the skin surface, and are broken down to diglycerides, mono
glycerides and free fatty acids. Indeed, hydrolysis of triglycerides of 
exogenous origin has been demonstrated on the skin surface ; C14 labelled 
tripalmitin was spread on the back, and 3 hr later labelled free fatty acids 
were isolated from the surface fat (11).

Several functions have been attributed to sebum but they are by no 
means undisputed. In hairy mammals the sebum may be important in 
waterproofing the hair and perhaps, as in cattle, it may seasonally reduce 
the thermal insulation by the coat (13). In man, it has been stated that 
the lipid film both controls moisture loss from the epidermis and protects 
the skin from fungal and bacterial infection.

Cornified epithelium such as a cutting from a plantar callus becomes 
hard and brittle if it is allowed to dry out, but remains pliable as long as it 
contains 10 per cent by weight of water (14). The stratum corneum receives 
moisture from below and loses it by evaporation at the skin surface, but 
the major barrier against water loss through the skin is not at the surface 
but either near the base of the stratum corneum or throughout the entire 
cornified layer. At relative humidities of 60 per cent or more the moisture 
content remains high enough to maintain the pliability of the keratin. 
Under the lower relative humidity of winter weather or in rapidly flowing 
air the stratum corneum can, however, dry out with consequent chapping 
of the skin surface.

If the cornified epithelium is treated with organic solvents and then 
extracted with water, the water-holding capacity of the epithelium is 
greatly decreased (15). This suggests that the water-holding power of the 
cornified epithelium depends on the presence of lipids, but an alternative 
explanation might simply be that lipid solvents damage natural barriers. 
It may be unnecessary to doubt the view dear to cosmetic chemists that 
under adverse environmental conditions the application of lipid materials 
helps to keep the stratum corneum pliable and to prevent the chapping of 
skin, but it is debatable how far naturally-occurring lipids play such a
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role and, if they do, whether sebum contributes to any protective surface 
film, or whether the lipid is mainly supplied by the epidermal cells them
selves. To complicate the issue further, it is perhaps worth commenting 
that the hydrolysis of triglycerides on the skin surface must produce a 
small quantity of glycerol (11). Though this substance has never been 
demonstrated in sebum, it would have a moisturizing effect by virtue of 
its hygroscopic properties.

It is widely believed that free fatty acids on the skin surface hinder the 
growth of pathogenic organisms [for review see (16)]. Circumstantial 
evidence supports the view that sebum, or at least the product of its hydro
lysis, is fungistatic. Fungi causing athlete’s foot preferentially colonize 
areas which are not supplied by sebaceous glands ; ringworm of the scalp 
becomes rare after puberty when sebum production increases. It is also 
evident that free fatty acids have a limited action against certain bacteria, 
for example Streptococcus pyogenes (16). Both these properties of sebum 
have been challenged by Kligman (17). Admitting that fatty acids by 
themselves are antifungal in  vitro, he claims that this potential is inacti
vated in the presence of horny material. He also states that the addition 
of sebum has no effect on streptococci or staphylococci growing on discs of 
isolated stratum corneum in agar culture. He therefore suggests that the 
sterilizing power of the skin is due largely to desiccation, a process supported 
equally by a wide range of inanimate surfaces. A critic of these studies 
has suggested that they only demonstrate the self-evident proposition that 
sebum does not prevent the growth of organisms which normally occur on 
the skin surface. They tell us nothing about the possible role of sebum in 
prevention of infection by other organisms which might prove patho
genic (18).

C o n t r o l  o f  S e b a c e o u s  G l a n d s

Sebaceous glands are primarily under the control of androgens and this 
fact has been established by many studies in animals and man. For 
example, androgens enlarge sebaceous glands in rats (19), rabbits (20), 
hamsters (21), and mice (22), and also affect homologues such as the pre
putial gland of the rat or the supracaudal gland of the guinea pig (8). The 
sebaceous glands of man are minute during the prepuberal period but 
undergo vast enlargement at puberty, when the sebum output of males 
increases more than fivefold (23). Administration of testosterone increases 
the sebum output of prepuberal boys (23), but not of adult males where the 
glands would appear to be already under maximal stimulation by endo
genous androgens (23). In eunuchs, who secrete only about half as much
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sebum as normal males, the glands can, however, be stimulated by adminis
tered testosterone (24).

The stimulating action of androgens cannot be produced in the absence 
of the pituitary body, as shown by experiments in rats (25,26). It has 
been claimed that the necessary pituitary hormone is separable from other 
pituitary fractions, and it has been given the name of “Sebotropin” (27).

The production of sebum by eunuchs appears to be correlated with the 
urinary excretion of 17-hydroxycorticoids and 17-oxosteroids (24) ; thus 
the activity of the sebaceous glands of eunuchs, who lack gonadal testo
sterone, appears to be dependent on adrenal androgens.

The secretion of sebum by adult women is only a little less than that by 
normal men. Up to the age of 50 it is greater than in castrate men, but 
after that age it falls (23). This pattern suggests that the sebaceous glands 
in premenopausal women may be responding to androgens secreted not 
only by the adrenals but also from other sources. The ovary may be 
implicated, though it has not been possible to demonstrate any change in 
sebum secretion after bilateral ovariectomy (28).

Oestrogens decrease the size of the sebaceous glands of animals (19-30), 
and reduce sebum production in man (3,4,31). When large amounts 
of oestrogen are given, however, the glands will still respond to small 
amounts of androgens given at the same time and thus oestrogens do not 
seem to antagonize androgens at their site of action. As they were unable 
to demonstrate a local, as distinct from a systemic, effect by local applica
tion of oestrogen (23), Strauss et al suggested the possibility that oestrogens 
could act systemically by suppressing endogenous androgen secretion. 
There are, however, several pieces of evidence against this view. Though 
it was possible to suppress sebum secretion in castrates by administration 
of oestrogen, the treatment appeared to have no parallel effect on the 
excretion of 17-hydroxycorticoids or 17-oxosteroids (24). Moreover, from 
animal experiments it appears that while the effect of androgens is produced 
by a stimulation of cell division and by an increase in the anabolic capacity 
of each sebaceous cell, oestrogens have different points of action. In rats 
which have been treated with oestrogen and androgen over the same period, 
the rate of cell division in the sebaceous glands is very little less than that 
in animals treated with androgen alone ; nevertheless, the sebaceous glands 
are smaller (32). Thus it seems that oestrogens decrease the size of the 
glands by increasing the rate of cell breakdown so that the synthetic 
potential is reduced, rather than by any interference with cell division. In 
addition, this action of oestrogens, unlike that of androgens, does not
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depend on the presence of pituitary (33). Finally, the effect of oestrogens 
can be demonstrated in adrenalectomized or in spayed rats (32,33). In 
animal experiments oestrogens can thus be shown to act independently of 
androgens at the peripheral site and independently of the presence of 
androgen-secreting glands ; but this does not, perhaps, exclude the possi
bility that they could have some systemic action as well.

The possible effect of progesterone on the sebaceous glands has been a 
matter of controversy. Some authors have stated that sebum production 
is increased during the luteal phase of the menstrual cycle (34), others that 
it has not (35), and the claim of Smith (36) that progesterone increases 
sebum production in elderly women is not consonant with other negative 
findings (35,37). Rothman et al published evidence that progesterone 
stimulated the sebaceous glands of spayed adult rats, claiming that its 
effect was comparable to that of testosterone (38). Although administra
tion of progesterone has been tried in a number of different circumstances, 
an effect of physiological doses has not been confirmed (39). However, 
some slight effect of progesterone may be detected in rats given the 
extremely large dose of 10 mg/day (40).

C o n c l u s io n s

The evidence in support of the traditional view that the secretion of the 
sebaceous glands plays a part in maintaining the hydration and pliability 
of the stratum corneum and in inhibiting the growth of pathogenic fungi 
and bacteria is by no means conclusive. It is difficult nevertheless to 
accept the view that in man sebum is functionless and the sebaceous gland 
is vestigial. Over much of man’s body the hair follicle is reduced to a 
vestige producing a wisp of vellus hair, and the arrector muscle is similarly 
degenerate. Yet it is in these very regions that the sebaceous gland shows 
its greatest development. If the sebaceous gland were truly vestigial and 
the sebum had no function, why has it not suffered the same fate as the 
apocrine gland, which becomes visible during development but subsequently 
disappears in most regions of the body ? Moreover, the sebaceous gland in 
both men and women has retained a response to male hormones no less 
sensitive than that of the accessory male sexual structures themselves.

Zoological hypothesis would thus appear to be at one with the vested 
interest of the cosmetic chemist in maintaining a functional status for the 
gland. But why is sebum secretion so clearly linked with the sex hormones? 
Is the true function of the sebaceous glands and their product yet fully 
understood ?

{Received : 23rd M arch 1965)
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Book reviews

T H E  H A L O G E N A T E D  H Y D R O C A R B O N S  O F  IN D U S T R IA L  
A N D  T O X IC O L O G IC A L  IM P O R T A N C E . W. F. VonOettingen. 
Pp. x +  300 +  111. (1964.) Elsevier Publishing Company/Amsterdam! 
London I New York. 60s.

Those who have had occasions to consult the literature on the 
toxicology of the halogenated hydrocarbons will certainly be familiar with 
the name of the author, Dr. Von Oettingen, who has compiled this volume. 
To cosmetic chemists, the subject is primarily of interest in connection with 
the use of aerosol propellants and they will find here a comprehensive 
review of relevant material, even though it does not deal specifically with 
all the propellants in current use.

The book is quite small and easy to follow, provided that the reader has 
some knowledge of physiology. The compounds with which it deals are 
divided into methane, ethane, ethylene and Butadiene derivatives, each 
chapter being subdivided for individual compounds such as methylene 
chloride and vinyl chloride, for example. Each of these selected com
pounds has a concise monograph, outlining its chemistry, manufacture, 
uses, detection and determination, absorption rate and excretion, determi
nation in biological materials, toxicity for animals and man, prognosis, 
treatment and prevention of toxic effects. The paragraphs dealing with 
toxic effects are written mainly as reviews of the literature and are well 
referenced. There is a subject index, simply and adequately arranged for 
ease of consulting the main items in the book.

The cosmetic chemist is quite likely to encounter situations demanding 
a decision on whether a particular compound is safe for a special application 
and he cannot expect to find a ready-made answer in this or any other 
work of reference. He will still have to estimate or determine the acute and 
chronic exposure in the actual conditions of use and then utilize information 
such as Dr. Von Oettingen provides, in order to evaluate the hazards. For 
such purposes, this is an excellent contribution and it will be useful as a 
guide to the toxic hazards that might arise in manufacturing and packaging 
areas, as well as in relation to the final consumer. N. J. VAN ABBE.
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L ’A E R O S O L  E N  P A R F U M E R IE . Tran Anh Tuan. Pp. 28 +  111.
(1964.) Editions Varia, Paris. 20s.

This booklet deals very briefly with general principles, with propel
lants, active ingredients, containers, valves, filling methods and laboratory 
techniques.

It is always difficult to deal with a large subject in a relatively brief 
manner, and this publication suffers from the faults which one would 
expect in such circumstances. It is generally conceded that it does take 
quite a while to publish a textbook and parts of it could therefore become 
out-of-date between writing and actual publication. These difficulties are 
not, however, inherent in a small booklet and it is therefore incompre
hensible why this particular publication should be so out-of-date, e.g. in the 
note on propellants reference is made to a German manufacturer who has 
not supplied propellants for some time, and what is remarkable is that the 
trade names of a group of French propellants is given wrongly. The 
obsolete commercial numbering of Arctons and Algofrene is given; in fact 
these propellants were renumbered to the generally accepted form in 1960. 
Numerous spelling mistakes also occur.

E V A L U A T IO N  O F  D R U G  A C T IV IT IE S  : P H A R M A C O - 
M E T R IC S . Editors : D. R. Laurence and A. L. Bacharach. Vol. 1. 
Pp. xvii +  456 +  111. 95s. Vol. 2. Pp. vii +  457-900 +  111. 90s.
(1964.) Academic Press, London and New York.

The coining of new hybrid words for subdivisions of sciences which 
have expanded sufficiently to have exclusive books written on them is 
always an interesting intellectual exercise. Whether in fact it necessarily 
contributes to the science of communication is another matter. When 
confronted with such a term one tends to work through a mental list -  
pharmacography, pharmacodynamics, etc., and arrive at the meaning 
rather slowly by a process of elimination.

Pharmacometrics is defined as the identification and the comparative 
evaluation, qualitative and quantitative, of drug activities. It comprises 
the screening tests used in development of new drugs, and is distinguished 
from bioassay in which the object is to measure quantities of active 
materials.

The objective of the book is to provide a review and a critical dis
cussion of general and special pharmacological techniques used in the 
search for new drugs. It is aimed at the pharmacologist who needs a
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quick guide to the methods available for a particular screening job, at 
other scientists working in pharmacological laboratories but trained in 
other disciplines, such as biology, physiology, and biochemistry, and at 
the clinical workers who receive the end products of pharmacometrics for 
final evaluation. It is not a handbook, although a variable amount of 
experimental detail is given in the different chapters.

Vol. 7 is divided into two parts, the first comprising chapters on general 
principles underlying screening and clinical trials, and discussing limita
tions of animal tests. The second part of Vol. 7, and the whole of Vol. 2, 
contains chapters on particular applications to the different types of 
pharmacological activity.

Statistics quoted by J. R. Vane, in his chapter entitled “ A  Plan for 
Evaluating Potential Drugs,”  show that in a survey of over one hundred 
pharmaceutical companies, dermatological preparations form the largest 
single group of products. It would be satisfying to record that such effort 
in the marketing field receives suitable pharmacometric backing. A. Jarrett, 
in discussing dermatological aspects, however, feels that studies of altera
tions in the skin of man and laboratory animals have provided little 
information about the pharmacological activities of substances used in 
derm atology; for the cosmetic chemist, this is a disappointingly short 
chapter.

Other chapters on different types of drug activity vary considerably 
in length and the extent to which they fulfil the editors’ objectives. 
There is perhaps a tendency to fall between the two stools of being on 
the one hand insufficiently informative for the pharmacologist, and on 
the other hand too detailed for the more casual reader. Nevertheless, 
both will find much of use and interest in the book. An index is not 
included, but chapter headings are self-explanatory, and the two volumes 
are generally well produced. B. G. OVERELL.

D IS IN F E C T IO N  A N D  S T E R IL IZ A T IO N . G. Sykes. 2nd edn.
Pp. xx  +  486 +  111. (1965.) E. & F. N. Spon Ltd., London. (84s.
U.K. only).

It is no mean achievement to have a publication recognized as one of 
the foremost reference books on a subject and to gain this standing as 
quickly as Mr. Sykes has done. Eloquent testimony to this effect is given 
by the speed with which this second edition has come along.

The second edition has naturally incorporated new facts and new ideas 
but the author planned the original well enough not to have found it

5
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necessary to introduce any radical changes. It is interesting to note that 
practically every chapter has been expanded to some extent, with the 
exception of the one on dyes; presumably this is one group of antiseptics 
that is tending to wane in popularity. Literature citations have been 
extended to 1963 and apparently the early part of 1964. More attention 
is now devoted to the background theory of sterilization, in the light of the 
current state of knowledge on the effects of heat, cold, radiation and 
desiccation. In the section dealing with sterilization by gases and vapours, 
it is interesting to observe that /Spropiolactone is now elevated to the status 
of having its own monograph.

Methods of testing disinfectants and antiseptics have long been the 
happy hunting ground for microbiologists with a taste for dialectics; Mr. 
Sykes has brought the subject up to date in his text, though still leaving 
the reader with the impression that current methodology is as debatable 
as ever it has been since the turn of the century.

Chapter 17 dealing with Preservation has been re-written and extended 
considerably, though the amount of detail it is possible to give on individual 
aspects is still rather limited. The author devotes only two paragraphs to 
the inactivation of preservatives by the nonionics. It is of interest to 
wonder whether he feels that this topic has been unduly magnified by  others, 
or whether he was just a bit weary by the time he came to write these very 
last paragraphs of the book.

Mr. Sykes is well known as a powerful exponent of the need for termino
logical exactitude in the field of -cides and -stats. But his writing style is 
neither pedantic nor unduly academic and it has an easy flow; coupled with 
the care taken in adequately quoting the published literature and the 
comprehensiveness of the volume as a whole, this helps to produce a 
readable text book as well as a serviceable treatise for general reference 
purposes.

T H E  C H E M IS T R Y  O F  N A T U R A L  P R O D U C T S  3. I.U.P.A.C.
Pp. vii - f  191 +  111. (1964.) Butterworths, London. 60s.

The International Union of Pure and Applied Chemistry republish 
lectures by senior contributors to its symposia on the chemistry of natural 
products. At Prague (1962) the eleven papers included a number of 
specialist topics, e.g. chemotaxonomy, conformational analysis and photo
chemical transformations, but at the third symposium, held in Kyoto, 
Japan, in April 1964, the emphasis shifted more towards physical methods. 
In addition to three speakers specifically surveying physical techniques,
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m an y o f  the structural studies reported  rely  h eav ily  on  instrum entation.
In  a useful h istorical review , 5 . Sugasawa, traces the developm ent o f 

organic chem istry in Japan u p  to  1940, from  early  training in the fam ous 
fin de siecle E uropean  schools o f  W illstatter, H ofm ann  and E m il Fischer. 
Investigations in agricultural chem istry include various v ita l grow th  factors 
derived  from  rice, and naturally  occurring pesticides. The pharm aceutical 
field em braces classical w ork  on  ephedrine and its congeners, and m ore 
recent attention  to  the am aryllidaceae alkaloids. R eference is m ade to 
the im pressive con tribution  m ade to  lichen  chem istry b y  P rof. Asahina. 
O ther groups o f  plant products studied  include com ponents o f Japan 
lacquer, phenolic pigm ents, h eartw ood  tropolones, triterpenes, flavones 
and biflavones ; fish toxins and horm one and bile steroids are cited  as 
exam ples o f  studies on factors o f  anim al origin.

P rof. Bnchi (M .I.T .) concerns him self w ith  the chem istry o f certain 
d im eric indole alkaloids. T he specia l interest in bisindoles derives from  
calabash curare, b u t at least three types o f linkage are now  distinguished ; 
sim ple dim ers such as d ihydrotoxiferin -C , an am inoacetal, e.g. geissosper- 
m ine, and C-C linked m oieties, as occu r in a num ber o f V oacanga  and 
V inca  rosea bases ; intensive interest in the latter bisindoles has been 
p rom pted  b y  their reputed  anti-tum our a ctiv ity . P articular em phasis is 
laid  on  the support that m ass-spectroscopic and N M R  studies have given  
to  the elucidation  o f these exceedingly  diverse series o f indole alkaloids.

P rof. D. H. R. Barton (Im perial College, London ) traces his active 
interest in biogenesis from  his revision o f  the structure o f  P um m erer’s 
ketone (the crystalline ox ida tion  p rodu ct o f ^cresol) and an elegant syn 
thesis o f the lichen p rodu ct usnic acid. H e proceeds from  a generalisation 
o f phenolate radical coupling to  a lucid  exposition  o f m echanism s o f 
a lkaloid  biogenesis, g iv ing specia l attention  to  a derivation  o f the m orphine 
group  from  a benzylisoquinoline tr icyclic  interm ediate, to  dem onstration  
o f  the natural occurrence o f d ienone fsoquinoline interm ediates in b io 
genesis o f the apophine series and to  specu lation  regarding the interrelation
ships o f the Stephanie alkaloids.

P rof. R. B. Woodward (H arvard) follow s w ith a fascinating accou n t o f 
the elucidation  o f the structure o f one o f the m ost virulent poisons know n : 
T etrod otox in  -  fou n d  in som e organs o f  Japanese puffer fish. T he in
vestigation  is notable  for m any features, including the considerable initial 
d ifficu lty  o f obtain ing crystalline substances to  determ ine even  the m ole
cu lar form ula, the d iagnostic use o f N M R  spectroscopy  at every  stage, 
the caution  in interpreting facile rearrangem ents in a poly fu n ction al
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p rodu ct and the presence o f a hem ilacta l system  -  entirely unique in 
natural and synthetic products.

Shemyakin and Antonov (M oscow  N atural P roducts Institute) present 
a m ost useful review  o f intram olecular enzym ic transpeptidation . T h ey  
cite  exam ples o f  form ation  o f iV -acyl am ides im portant in m etabolism  and 
biosynthesis and o f the determ ination  o f  structures resulting from  in cor
poration  o f  h y d rox y l or am inoacyl groups, using U V , IR , N M R  and mass 
spectroscopy. T h ey  discuss the critica lity  o f  ring size in the expansion 
o f IV-acyl cy c lic  lactam s to  form  peptide lactones and outline a num ber 
o f b iogenetic pathw ays for peptide antib iotics ; such considerations m ay 
also be applied  to  proteins and horm ones.

K. Biemann (M .I.T .) describes in considerable detail the u tility  o f high 
resolution  m ass spectroscopy  in the exam ination  o f natural products, 
particu larly  for the v ery  accurate determ ination o f  m olecular w eights and 
the stu dy  o f  fragm entation  m echanism s leading to  structural assignm ents. 
There are tw o distinct system s : B oth  em ploy  prelim inary electrostatic 
focussing in addition  to  the con vention a l electrom agnetic stage. B eynon  
em ploys a single focus low  resolution  scan fo llow ed  b y  double focussing 
to  exam ine peaks o f special interest. B iem ann considers this tim e- 
consum ing for general use ; he em ploys a com pu ter to  analyse a p h oto 
graphic record  o f a com plete  H R  m ass spectrum , w hich  assigns mass w ith 
a precision o f one part in 100,000 b y  com parison  w ith  an internal standard, 
and is then able to  deduce the correct elem ental com position  o f fragm ents 
that are superposed in conventional low  resolution  instrum ents. E xam ples 
from  steroid  and alkaloid  fields, using b oth  techniques, are discussed in 
d e ta i l ; one at present to ta lly  unknow n structure is included to  dem onstrate 
the potentia l o f his version.

P rof. V. Prelog (E T H , Zurich) refers to  his earlier exam ination  o f m icro
b io log ica l reduction  o f  a licyclic ketones (especially deca lin -l,4 -d ion es), 
frequently  w ith  the produ ction  o f a preferred enantiom er, w hich  has led  
naturally  in to  an investigation  o f p rodu ct stereospecificity  in enzym e 
reactions. W hilst the enzym e infra-structure p lays an im portant role, 
such interaction  cannot be the sole factor. T he developm ent o f P relog ’s 
d iam ond lattice  th eory  for the spatial relation  o f the reactive groups is 
therefore particu larly  significant.

P rof. Stork (Colum bia U niversity , N ew  Y ork ) gives a detailed  accou n t 
o f annelation reactions that he has foun d  especia lly  useful in the tota l 
synthesis o f  natural a licyclic system s. H aving show n his versatility  in 
the construction  o f steroid  rings B  and A , from  a basic decalenone starting
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poin t, he proceeds to  a stim ulating description  o f  the solution  o f  structural 
and  stereochem ical problem s in the m anufacture o f a tr icy clic  quinolone 
w hich  should  y ield  m em bers o f the aspidosperm ine alkaloid  fam ily .

P rof. Th. Wieland (U niversity  o f Frankfurt/M ain) con tributes a con 
densed but m ost readable account o f the elucidation  o f the structure o f  a 
grou p  o f  b icy c lic  peptide toxins extracted  from  a lethal species o f  m ush
room  fou n d  in Central E urope. H e first review s his earlier w ork  on  the 
m ore rap id ly  tox ic  phalloidine heptapeptide congeners and then reports 
his m ost recent studies establishing the structure o f the fou r related  
am anitine toxins ; the m em bers o f latter group  differ in being octapeptides 
w ith  a 6 -h yd rox y l in the interesting 2 (S )-cyste iny l-tryptoph an  m oiety .

The progress o f  m ass sp ectroscopy  is su rvey  b y  Carl Djerassi (S tanford  
U niversity , California). H e briefly  com m ents on  electronic con tro l in 
fragm entation  m echanism s and then develops his m ain them e -  the im por
tance o f  isotop ic labelling in m ass spectroscop ic studies. Instances are 
cited  revealing the com posite  nature o f  cleavage products having the sam e 
em pirical com position , i.e. w hich w ou ld  n ot be distinguished even  b y  high 
resolution  mass spectroscopy . D etails are g iven  o f his extensive experience 
w ith  deuterium  labelling w h ereby  h ydrogen  transfer rearrangem ents m a y  
be detected .

F inally , P rof. J. Monteath Robinson (G lasgow  U niversity) presents a 
concise, polished  rev iew  o f  the present status o f X -r a y  crystallographic 
solution  o f  natural p rodu ct structures. T o  illustrate the use o f  his h eav y  
a tom  labelling technique, he cites derivatives o f natural p roducts w ith  
b oth  favourable  and unfavourable  phase situations and then gives exam ples 
em ploy in g isom orphous replacem ent or so lvated  crystals. H e m entions a 
num ber o f terpenoid  b itter princip les e lucidated  during a m ost fru itfu l 
co llabora tion  w ith  the natural p rodu ct schools in G lasgow  o f  B arton  and, 
currently, R aphael.

A ltogether, this b o o k  contains a fascinating co llection  o f  lectures, 
adm irably  ba lanced  despite the con tem porary  preoccu pation  w ith  physica l 
techniques. It  is a w orth y  successor to  the tw o previous volum es ; all 
three are essential reading for any  chem ist having an interest in  natural 
p roducts and are profitable stu dy  for those in less specialised fields.

G. F . P H IL L IP S .



S o c i e t y  o f  C o s m e t i c  C h e m i s t s  o f  

G r e a t  B r i t a i n

A N N U A L  R E P O R T  1 9 6 4 -6 5

The w ork  o f the S ociety  has again been  m aintained at a high level 
and the m ost n otew orth y  developm ents have been  the institution  o f the 
M edal Lecture, the adoption  o f  a new  form at for the Journal, and the 
S oc ie ty ’s election  to  m em bership o f the Parliam entary and Scientific 
C om m ittee.

1. M em bership
T he m em bership  o f the S ociety  on 31st M arch 1965 is show n below  

in com parison  w ith  the figures at the sam e tim e during the tw o preceding 
years.

1963 1964 1965
H onorary  M em bers 6 6 6
M em bers 329 351 359
A ssociates 57 49 48

T O T A L 392 406 413

A lthough  the tota l num ber o f m em bers have not increased to  any great 
exten t during the year, it is a source o f gratification  that am ongst the 
new  m em bers elected  have been  persons w ho are cou n ted  as leaders in 
their fields o f  activ ity .

1.1. Obituary: T he Council records w ith  regret the passing o f Mr. W . P. 
Pepper, a F ounder, w ho had  served on the Council. T he death  is 
also recorded  o f Mr. E . Polan , another Founder w ho was the S oc ie ty ’s 
first H on. Treasurer, and w ho subsequently  also served on Council. 
[O bituary  notices : J. 16 430 (1965)]

2. Scientific M eetings
2.1. Lectures: W h en  planning the 1964/1965 lecture program m e it w’as 

decided  to  broaden  the scope o f the lectures and this was reflected

421
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in the choice  o f subjects. This trend  w ill be  con tinued  during 1965/66. 
The scientific m eetings were d evoted  to  the follow ing :—

D ate S u bject Lecturers

13th O ctober 1964 : The app lication  o f d igita l com 
puters in the chem ica l industry. R . E . Giles.

16th D ecem ber 1964 : The derm al testing o f cosm etics
in experim ental anim als and A . R o o k  and 
in m an. K . H . H arper.

26th January 1965 : Storage testing in the cosm etic D . E . B utterfield , 
industry. A  discussion w ith  E . K . Clarke, and 
contributions b y  J. J. Mausner.

25th  F ebru ary  1965 : T he sebaceous gland. F . J . E bling.
T he Council wishes to  record  its thanks to  Mr. S. J. B ush for organizing 
the lecture program m e and the film  evening.

2.2. Medal Lecture : T he Council agreed to  institute an A nnual M edal 
Lecture, and it was decided  that “ the recip ient o f the A nnual M edal 
should  be  a leading personality  w ho has m ade an outstanding con tri
bu tion  to  science, pub lic life or the arts. The lecture shall be on 
cosm etics or allied su b jects .”
The first M edal Lecture was delivered  b y  Sir E dw ard  Charles D odds,
M .V .O ., F .R .S ., C ourtauld Professor o f B iochem istry, U niversity  o f 
L on don , on  “ T he H orm onal B ackground  o f the Skin ,”  in the presence 
o f M em bers o f Parliam ent and other d istinguished guests. The lecturer 
was presented w ith  the S oc ie ty ’s Silver M edal, specia lly  struck  for this 
occasion . Subsequently , the lecturer and representatives o f  k indred 
societies w ere entertained to  dinner b y  the President, and three o f 
the Past-Presidents.

2.3. Film Evening: A  film  evening was held  on  13th M ay 1965 and m em bers, 
together w ith  their ladies, spent an en joyab le  evening.

3. Symposia
T he sym posium  on  “ H a ir,”  b riefly  referred to  in the last A nnual R eport, 

a ttracted  an audience o f 155. D uring N ovem ber 1964, a on e-d a y  sym 
posium  on “ Preservatives and A n tiox id an ts” , organized jo in tly  w ith  The 
Pharm aceutical S ociety  o f Great B ritain, was held  at the Connaught 
R oom s, L on don , and 258 delegates attended. F rom  30th M arch to  1st
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A pril 1965 a sym posium  on  “ E m ulsions”  to o k  place at H arrogate, Y orks., 
and a ttracted  132 participants.

T he Council records its appreciation  to  Messrs. R . E . E ck ton , N . J. V an 
A b b é  and R . F . L . Thom as for concern ing them selves w ith  the organization  
o f these three functions, respectively .

4. Journal
T h e Journal, as every  m em ber w ill appreciate, is unique b y  being 

published from  three different locations, in tw o different languages, and 
yet w ith  consecutive pagination . This has becom e even m ore arduous as 
the gap  betw een  each issue is on ly  four weeks.

F or som e tim e the need has been  felt for m odernizing the appearance 
o f  the Journal and p rotracted  negotiations, spanning alm ost tw o years and 
involv in g  num erous m eetings betw een  the three ed itors, resulted in the 
a dop tion  o f the form at used since the January 1965 issue. M inor differ
ences in sty le  are b ou n d  to continue but there can be little d ou bt that 
the new  form at considerab ly  im proves the appearance o f the Journal.

A  proposal on  the part o f our S ociety  to  change the nam e o f the Journal 
failed  to  find the necessary support.

The A nnual Subscription  for non-m em bers is £10 (£1 per single issue) 
while m em bers continue to  receive free cop ies as part o f their m em bership 
subscription.

5. Education
The one-year, part-tim e d a y  release course for the S ocie ty ’s D ip lom a 

is progressing satisfactorily . A lthough  B runei College w ill be granted 
U niversity  status shortly , it is h oped  that the course can continue at the 
college.

Seventeen candidates sat for the exam ination  as a result o f attending 
the new  one-year course, and seven students a fter com pleting  the second  
year o f the o ld  course. E leven  and five students respectively  passed the 
exam inations and the £5 prizes were aw arded to  Mr. W . W . F. Scotland  
for being the best student in the new  course, and to  Miss V . J. Lavin  in 
respect o f the o ld  course.

H aving regard to  the im portance w hich the S ociety  attaches to  edu 
cation , a Special M eeting was con vened  at w hich  the post o f H on. E du cation  
Secretary was created, the office holder being ex-officio  a m em ber o f Council 
w ith fu ll vo tin g  rights. D r. M. C antley is the first holder o f that office.

A dd ition a l changes were m ade in the C onstitution  and R ules to  indicate 
the higher standard o f the S oc ie ty ’s D iplom a.
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6. Scientific Com m ittee
This m et several tim es under the chairm anship o f the V ice-P resident, 

Mr. R . Clark, in order to  discuss b roa d  lines o f investigation.

6.1. The Toxicology Subcommittee (C ha irm an : Mr. N . J. V an  A bb é ) has 
taken  an interest in  the fo llow in g  m atters :—

6.1.1. C osm etic H azards and The Times.
F ollow ing the pub lication  o f a rather alarm ist article in The Times, 
detailed  correspondence was entered into  w hich  dealt w ith  issues 
such as the inhalation  to x ic ity  o f hair sprays and the supposed  
need fo r  legislative con tro l o f toiletries. I t  is n ot possible ye t to  
foresee w hether that paper w ill in the future consult w ith  the 
S ociety  in advan ce  o f going to  print.

6 .1.2. H air sprays
The inhalation  to x ic ity  o f hair sprays is still the su b ject o f  various 
investigations and, w hilst “ thesaurosis”  now  seem s to  be alm ost 
universally d iscounted , the notion  o f possible hypersensitivity  is 
still around, and this is under discussion.

6.1.3. U se o f  m ethanol in  industrial spirits
T h e su b-com m ittee  has reached  the v iew  that there is no evidence 
o f any  m arked  to x ic  hazard  in this case, though  accidental acute 
poison ing cou ld  possib ly  arise. It  was felt that m em bers should 
bear in m ind  the desirability  o f eventually  persuading the excise 
authorities to  em p loy  a less to x ic  tracer m aterial.

6.1.4. W arn ing labels on  aerosol packs
A  query  was raised  on  the desirability  o f standardizing label w arn
ings on the hazards and m isuse o f aerosols. This was considered  to 
be  in the p rov in ce  o f organizations m ore c lose ly  concerned  w ith 
aerosol packaging.

6.1.5. C ollaborative p atch  testing
T he sub-com m ittee  is currently  studying detailed  proposals for a 
co llaborative  patch -testing  technique, w ith  a v iew  to  in itiating w ork  
in several laboratories to  aid in standardizing tests o f prim ary 
irritation.

6.1.6. Cream sham poos
T he sub-com m ittee  had  fo llow ed  up  the paper b y  I. Gaunt and
K . H . H arper [ / .  15 209 (1964)], b y  proposing to  publish  a recom 
m endation  that cream  sham poos should  n orm ally  be tested  at 10%
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con cen tration  in rabbit eye studies. P ub lica tion  has been  deferred 
pending the results o f new  studies on  a range o f  leading U .K . cream  
sham poos.

6.1.7. T o x ic ity  o f aerosol propellants
T h e sub-com m ittee  in itiated  consideration  o f  the desirability o f 
evolv in g  a new  to x ic ity  rating system  for  aerosol propellants. This 
is being progressed in itia lly  b y  m eans o f a review  o f data  on  p ro
pellant 11.

6.2. The Methods of Analysis Sub-Committee (Chairman : Mr. S. J. Bush) 
is investigating tests for the analysis o f hexach lorophene con ta ined  in 
toilet preparations.

7 . Relationship with other Bodies
7.1. A s ind icated  in the last A nnual R ep ort, the S ociety  applied  for, and 

was granted, m em bership  o f the Parliam entary and Scientific C om 
m ittee, an in form al b o d y  o f  m em bers o f b o th  H ouses o f Parliam ent 
and representatives o f scientific bodies. Mr. A . H erzka has been 
appoin ted  one o f the S oc ie ty ’s representatives for a m inim um  period  
o f three years, and the second  representative alternates betw een  
m em bers o f C ouncil and o f the S ociety . T he P arliam entary and 
Scientific C om m ittee plans to  visit a cosm etic research lab ora tory  
situated  in the v ic in ity  o f L on don , in the course o f the n ext 18 m onths, 
and there is also a p ossib ility  that the General C om m ittee m ight be 
addressed on cosm etic  legislation.

7.2. A  sym posium  sponsored  jo in tly  w ith  T he Pharm aceutica l S ociety  o f 
Great B ritain  was held  during the year, as a lready referred to  a bove , 
and it is h oped  to  arrange sim ilar jo in t functions from  tim e to  tim e. 
A  departm ent o f The Pharm aceutica l S ociety  o f Great B ritain  con 
tinues to  send a representative to  the m eetings o f the Scientific 
C om m ittee A n alytica l Sub-com m ittee.

7.3. Since 1953 the S ociety  has been  represented b y  D r. H . W . H ib b o tt  
on  a B .S .I . C om m ittee concerned  w ith  Test M ethods for P ow der 
Properties ; Mr. A . H erzka  has represented the S ociety  since January 
1965 on  the B .S .I . T echn ica l C om m ittee P /1 8 9  -  A erosol Dispensers.

7.4. T w o  m eetings have taken  p lace w ith  representatives o f the T oilet 
Preparations F ederation  to  m aintain  harm onious relations. E ach  
b o d y  n ow  sends one representative to  the m eetings o f each oth er ’ s
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scientific com m ittee, Mr. R . Clark being the S oc ie ty ’s representative. 
A  further result has been  the preparation  o f a jo in t Press Release 
relating to  the L abelling  o f F ood  B ill 1965.

8. Cosm etic Industry Exhibition
The S ociety  has sponsored  tw o techn ica l exh ibitions o f suppliers to  the 

cosm etic and allied industries. The first was held  in B righton , Sussex, 
during A pril 1964 and the second  in H arrogate, Y ork s., from  30th  M arch 
to  1st A pril 1965. The S ocie ty  orig inally  specified  that the first tw o 
exh ibitions be held  in the provinces, w ith  the th ird  one in L on d on  in 1967. 
Support fo r  the second  exh ib ition  was less than for the first one, and 
although this cou ld  be due to  the fact that p rovincia l exh ibitions do n ot 
com m an d  the cu stom ary  support, the w hole p ro ject is currently  under 
review .

9. International Federation of Societies o f Cosm etic Chemists
9.1. T he T h ird  Congress o f the International Federation  took  p lace in 

N ew  Y o rk  at the end o f June 1964, and a large con tingent o f m em bers, 
w ith  their fam ilies, travelled  to  the U .S .A . for this occasion  b y  means 
o f a specia l charter flight. T he congress, and the attendant social 
functions, w ill a lw ays be rem em bered  b y  those privileged  to be present. 
T he next (4th) Congress is due to  be  held  in Paris in June 1966.

9.2. T he C ouncil o f  the I.F .S .C .C . m et tw ice in N ew  Y ork , and unanim ously 
a dop ted  the m odified  P o licy  D ocu m en t, w hich was subsequently  
ratified b y  the Council o f  this S ociety . T he S oc ie ty ’s delegates to  
the Council were Mr. A . H erzka, Dr. H . W . H ib b o tt , and Mr. J. B. 
W ilkinson.

9.3. Mr. J. B . W ilk inson , a form er Council m em ber, is serving as I.F .S .C .C . 
President until Septem ber 1965, being the secon d  m em ber o f the 
B ritish  S ociety  to  h old  this high office since the form ation  o f the 
Federation  in 1959. 10

10. Social Activities
10.1. Soirée

A  Soirée was held  at the School o f P harm acy , B runsw ick Square, 
L on don , on  16th N ovem ber 1964, on the eve o f  one o f the sym posia . 
It  is h oped  that this fun ction  w ill becom e an annual event and will 
enable all m em bers to  attend  a social function  at a reasonable cost. 
T h e Guest o f H onour was Mr. R . W . M urphy (accom pan ied  b y  Mrs.
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M urphy), Im m ediate Past-C hairm an o f the T oilet Preparations 
Federation , w ho stood  in at v ery  short n otice  for his chairm an, 
Mr. A . S. M ay, w hom  business com m itm ents prevented  from  attend
ing. D uring the evening, D ip lom as and the tw o prizes were pre
sented to  those successful in the 1964 exam inations.

10.2. Dinner
The A nnual D inner and D ance was held  at the Connaught R oom s, 
L on don  on 13th F ebru ary  1965, and was attended  b y  232 m em bers and 
guests. Sir Ow en W ansbrough -Jones, E xecu tive  V ice-C hairm an o f 
A lbrigh t & W ilson  L td ., and Chairm an o f the Council o f B .I .B .R .A ., 
was the Guest o f H onour. O ther guests included  the President o f 
the I.F .S .C .C ., the President o f The Pharm aceutical S ociety  o f Great 
B ritain , the Chairm an o f the T .P .F ., and Mr. W . H ow ie, M .P.

11. Tie
A  tie, w ith  the S oc ie ty ’s crest in red  and yellow  w oven  on to  a blue 

backgrou n d, is n ow  available.

12. Administration
A  new  R egister o f M em bers, as at 1st June 1964, was published w hich  

incorporated  a num ber o f new  features, such as lists o f  past and present 
Officers, details o f past service to  the Society , a list o f  D ip lom a  holders, etc.

A t the sam e tim e a further b ook let entitled  “ O b jects ”  was issued, as 
a m eans o f  publicising the S ocie ty  am ongst the general pub lic and p ro
spective m em bers. T he call for  this has p roved  so extensive that a further 
reprint is being undertaken.

Mrs. D . M ott, having com pleted  her trial year to  the C ouncil’s satis
faction , has been  asked, and has agreed, to  continue in the position  o f 
G eneral Secretary.

13. The Council
T he fo llow in g  changes in Council took  effect at the 15th A nnual General 

M eeting, held  on  28th  M ay 1964.

Mr. A . H erzka succeeded  Mr. S. J. B ush as President.
Mr. R . Clark succeeded  Mr. A . H erzka as V ice-P resident.
Mr. D . E . B utterfield , A ctin g  H on. Secretary becam e H on. Secretary. 
Mr. R . E . Spate succeeded  Mr. D . F . A nstead  as H on. Treasurer. 

Seven candidates had  been  nom inated  for the three vacancies on
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Council, and the fo llow ing were elected  :— Mr. E . K . Clarke, D r. H . W . 
H ib b ott , and D r. J. J. Mausner.

A  com plete  list o f H on. Officers and C om m ittees for 1964/1965 was 
published  in January 1965 ( / .  16 1).

M eetings o f the Council were held  in each  m onth , excep t A ugust, 
O ctober and January, and all the com m ittees and sub-com m ittees m et at 
frequent intervals. It  is now  clear that on ly  persons w ho are regularly 
able to  d evote  tim e to  the S ociety  should  offer them selves for election .

Mr. S. J. Bush, Im m ediate Past-P resident, retires from  Council at the 
forth com in g  A nnual General M eeting, after five years ’ continuous and 
d evoted  service. The S ociety  is fortunate that Mr. Bush w ill continue 
to  serve on som e o f the com m ittees, and that he has agreed to  arrange 
the scientific program m e for one o f the 1966 sym posia .

The follow ing also retire from  Council a fter tw o years ’ service : Mr.
R . E . E ck ton , Mr. R . F . L . Thom as, Mr. N. J. V an  A bbé. Mr. V an  A b b é  
has agreed to  look  after the scientific program m e o f the other 1966 sym 
posium . Council is appreciative o f the service given  b y  these gentlem en 
during their term  o f office, particu larly  Mr. T hom as w ho resides in Y o rk 
shire bu t has attended  m ost Council m eetings.

14. The Future
Council is o f  the op in ion  that the range o f activities outlined  above  is 

ind icative o f the progress m ade b y  the S ociety  during the current year. 
Council further believes that progress w ill continue to  be m ade, particu larly  
if som e o f the p ro jects  n ow  under consideration  bear fruit, e.g. Council 
feels that m ore attention  should  be paid  to  pub lic relations. I t  is also 
felt that steps should  be taken to  devise w ays and m eans o f encouraging 
the subm ission o f original w ork  for possible publication  in the Journal, 
and o f im proving the standard o f the papers g iven  at sym posia  and lectures.

A N N U A L  G E N E R A L  M E E T I N G

The S ixteenth  A nnual General M eeting o f the S ociety  took  place on the 
24th M ay, at the usual ven u e -5 5  Park  Lane, L on don , W .

T h e A nnual R eport was presented b y  the President, Mr. A . H erzka 
( /.4 2 1 -4 2 8 ) . The Treasurer’s R eport was presented b y  the H on. Treas
urer, Mr. R . E . Spate.

In  the votin g  for three new  M em bers o f Council the fo llow ing were 
elected : Mrs. H . B utler, Mr. C. Pugh, and Professor A . N . W orden .
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President 1965-66
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The officers for 1965-66 are:—  
President:
V ice-P resident:
Im m ediate  Past President: 
H on. Secretary:
H on. Treasurer:

Mr. R . Clark 
D r. A . W . M iddleton  
Mr. A . H erzka 
Mr. D . E . B utterfield  
Mr. R . E . Spate

T he Chairm an then exp la ined  that since the Special General M eeting 
on  the 25th F ebru ary  1965, a m em ber drew  the a tten tion  o f  the C ouncil 
to  the fact that H igher N ational C ertificate was equated  w ron gly  w ith  the 
General C ertificate o f E du cation  (A d van ced  L evel). A fter due considera
tion , the Council proposed  that this anom aly  be rectified, and that corres
pond ing  alterations be m ade in various parts o f  R u le 3. The C ouncil’s 
R esolu tion  to  effect these changes was put to  the vo te  and carried  unani
m ously.

Mr. L. S. Sm ith  was re-appoin ted  H on. A uditor. Messrs. H . W . Fisher 
& Co. w ere reappoin ted  A uditors for the current year.

A s usual, an in form al supper fo llow ed  the form al proceedings.

S Y M P O S I U M  O N  E M U L S I O N S

A  Sym posium  on  Em ulsions, organised b y  the S ociety , took  place from  
the 30th  M arch to  1st A pril 1965, at the R o y a l H all, H arrogate. It  was 
a ttended  b y  132 participants, including visitors from  France, G erm any, 
H olland , N orw ay, P oland , Sw itzerland and U .S .A . A  C ivic R ecep tion  to 
participants and their ladies, was given  b y  his W orsh ip  the M ayor o f 
H arrogate, C ouncillor H . S. H itchen , M .A ., J .P . at the L ounge H all, and 
the M ayor also addressed a few  w ords o f w elcom e to  delegates before  the 
sym posium  was form ally  opened  b y  the President o f the S ociety , A . 
H erzka, E sq ., B .S c., F .R .I .C .

S E C O N D  C O S M E T I C  I N D U S T R Y  E X H I B I T I O N
T he Second  C osm etic In du stry  E xh ib ition , sponsored  b y  the S ociety  and 

organised b y  E vents P rom otions, L td , was held  at the E xh ib ition  H all, 
H arrogate from  30th  M arch to  1st A pril 1965. T he fo llow ing com panies 
exh ibited :

C onsolidated V acu um  C orporation, C roda L td ., F lexile  M etal Co. L td ., 
F lexitainers L td ., Lautier Fils L td ., J. H . L ittle  & Co. L td ., L ustroid  L td ., 
Pergam on  Press L td ., Specialities, T h om son  & Joseph L td .

B y  inv itation  o f the Society , a stand was taken b y  the B ritish  Industria l 
B io log ica l R esearch  A ssociation .
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O B I T U A R Y
W . P . P e p p e r

It is w ith  regret that we have to  record  the death o f Mr. W illiam  P. 
Pepper w ho d ied  in M arch after a road  accident. Mr. Pepper, a chem istry  
graduate o f L iverpoo l U niversity , had  served  the cosm etic industry  for 
m any years wnth U nilever, P ort Sunlight, then w ith  P o n d ’s E xtract Co. 
and later C hesebrough-P ond ’s.

H e was a Founder M em ber o f the S ociety  and had  served  on the 
Council. A  qualified teacher, he helped  greatly  in the establishing o f the 
S oc ie ty ’s E du cation al Course at A cton  Technical College and later at 
B runei College. H e was a m em ber also o f the Standards Com m ittee o f 
the T oilet Preparations Federation . H e had served on  this com m ittee 
(w hich is responsible for R aw  M aterial Specifications published b y  the
T .P .F .) since its inception  som e ten years ago. In  all these activ ities his 
sound chem ical sense had  been  invaluable and was m uch appreciated  b y  
those w ho w orked  w ith  him.

O f his other interests one rem em bers his a ffection  for cricket and his 
abiding passion for chess. H is love  o f chess dated  from  his undergraduate 
days w hen he represented the U niversity . H e m aintained this interest 
in loca l chess circles in  E aling where he lived . M any friends w ill miss 
him  and m ourn his death  at a com paratively  early age.

E . P o la n
M em bers m ay have heard w ith  regret o f the death in O ctober 1964 

o f Mr. E dm on d  Polan , a Founder M em ber o f the S ociety . Second  son o f 
the R ev . M ark Polan , he spent a lifetim e in the soap-m aking industry. 
F or m any years he was ch ief chem ist w ith  J. C. & J. F ield  L td . in L am beth  
until the fa ctory  suffered air-raid destruction  in 1941. A fter serving in 
R o y a l O rdnance factories in Scotland, he returned to  the soap-m aking 
industry w ith  M angers, then B ristow s L td ., and finally John  Green of 
Barking.

H e was an active participant in the form ation  o f the B ritish  Society  
in 1948, was its first Treasurer and subsequently  also served as a M em ber 
o f  Council. H is quiet, thoughtfu l ideas were appreciated  b y  his fellow  
officers in the early developm ent o f the Society . It  was his suggestion 
w hich  led  to  the installation  b y  the S ociety  o f cosm etic treatm ent salons 
in tw o m ental hospitals.

H is social interests were w ide and he gave m uch  o f his tim e over m any 
years to  the w ork  o f the St. John  A m bulance organization. H e also 
m aintained his interest in the S ociety  up  to  his retirem ent, and m any 
m em bers w ill rem em ber him  w ith  affection.
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