
B R ITISH  STAN DARD

Rubber P.esearcr* In^^titiite of India 

......... ■./  -o. h :o .S -3 o 5 "
WI5?7ra?T
' r̂ra?T?/lnitlals

Medical gloves for 
single use —
Part 3: R equirem ents and testin g  for 
b io log ica l evaluation

T he E u ro p ean  S ta n d a rd  EN  455-3:2006 h a s  th e  s ta tu s  o f a 
B ritish  S ta n d a rd

ICS 11.140

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW
British Standards



National foreword

T his B ritish  S ta n d a rd  w as pubU shed by BSI. I t  is  th e  U K  im p lem en ta tion  of 
E N  455-3:2006. I t  su p ersed es BS EN  455-3:2000 w hich is w ithd raw n .

The U K  p a rtic ip a tio n  in  its  p re p a ra tio n  w as en tru s te d  by Technical C om m ittee 
CH/205, N on-active m edical devices, to  Subcom m ittee CH/205/3, M edical 
gloves.

A lis t o f o rgan iza tions rep re sen ted  on CH/205/3 can  be ob ta ined  on re q u e s t to 
its  secre tary .

T h is pub lica tion  does no t pur})ort to  include a ll th e  necessary  provisions o f a  
con trac t. U sers a re  responsib le  for its  correct.application.

Compliance with a British Standard cannot confer immunity from 
legal obligations.

This British Standard was 
published under the authority 
of the Standards Policy and 
Strategy Committee 
on 31 January 2007

© BSI 2007

Amendments issued since publication

A m d. No. D ate C om m ents



EUROPEAN STANDARD 

NORME EUROPEENNE 

europAische norm

EN 455-3

ICS 11.140 Supersedes EN 455-3:1999

English Version

Medical gloves for single use - Part 3: Requirements and testing
for biological evaluation ‘

Gants m ^icaux non r^utilisables - Partie 3: Exigences et 
essais pour Evaluation biologique

This European Standard was approved by CEN on 13 October 2006.

o
5<><

Medizinische Handschuhe zum einmaligen Gebrauch • Teil ^  
3: Anforderungen und Profung for die biologische O 

Bevt«rtung
<
Q

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European ^
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national c
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation 
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official 
versions.

CEN members are the national standards bodies of Austria, Belgium. Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary. Iceland, Ireland. Italy, Latvia. Lithuania. Luxembourg. Malta, Netherlands. Nonway. Poland, Portugal, Romania, cc 
Slovakia, Slovenia. Spain, Svt«den, Switzerland and United Kingdom.

c/)
EU
sO
ITu.
LJJoz
LJJo
_J
ir
LUQ
Z=>
m
CQ
>•m
QIXI
_ i
CL
a.
ID
CO

EUROPEAN COMMITTEE FOR STANDARDIZATION 
C O M I T E  E U R O P E E N  D E N O R M A L I S A T I O N
e u r o p A i s c h e s  k o m i t e e  f u r  N O R M U N G

M anagem ent Centre; rue de S tassart, 36 B-iOSO B ru sse ls

© 2006 CEN All rights of exploitation in any form arvl by any means reserved 
worldwide for CEN national Members.

Ref. No. EN 455-3-.2006. E



Contents
......N o .

Page

Foreword........................................................................................................................................................................ 3

Introduction...................................................................................................................................................................4

1 Scope................................................................................................................................................................. 5

2 Normative references........................................................................ .............................................................5

3 Terms and definitions.....................................................................................................................................6

4 Requirements....................................................................................................................................................6

5 Test methods.....................................................................................................................................................8

6 Test report.........................................................................................................................................................9

Annex A (normative) Method for the determination of aqueous extractable proteins in natural
rubber gloves using the modified Lowry assay.................................................................................... 10

Annex B (informative) immunological methods for the measurement of natural rubber latex
allergens........................................................................................................................................................ 20

Annex C (informative) Amino acid analysis (AAA) by high pressure liquid chromatography
(HPLC).......................................................................................................................................................27

Annex ZA (informative) Relationship between this European Standard and the Essential
Requirements of EU Directive 93/42/EEC Medical Devices.................................................................. 36



Foreword

This document (EN 455-3:2006) has been prepared by Technical Committee CEN/TC205 “Non-active 
medical devices", the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical 8 
text or by endorsement, at the latest by June 2007, and conflicting national standards shall be withdrawn at the ^ 
latest by June 2007. §

s
This document supersedes EN 456-3:1999. ^

This document has been prepared under a mandate given to CEN by the European Commission and the § 
European Free Trade Association, and supports essential requirements of EU Directive 93/42/EEC. ^

5
For relationship with EU Directive, see informative Annex 2A, which is an integral part of this document. “o

H iEN 455 consists of the following parts under the general title "Medical gloves for single use": ^
t

— Part 1: Requirements and testing for freedom from holes ^
X

— Part 2: Requirements and testing for physical properties c
2

— Part 3: Requirements and testing for biological evaluation ^
(T
LUAccording to the CEN/CENELEC Internal Regulations, the national standards organizations of the following g 

countries are bound to Implement this European Standard: Austria, Belgium. Cyprus. Czech Republic, g 
Denmark, Estonia, Finland, France, Genmany, Greece. Hungary. Iceland, Ireland, Italy, Latvia, Lithuania. ^ 
Luxembourg, Malta, Netherlands, Nonway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain. Sweden, h 
Switzerland and United Kingdom. o
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Introduction

Adverse reactions to proteins in latex products have been reported over several years in variable rates of
prevalence. Additionally, adverse reactions due to chemicals, lubricants, sterilization residues, pyrogens or ^
other residues are described in the scientific literature. Adverse reactions are most often reported due to §
gloves made from natural rubber latex, but some of the reactions can also be seen due to gloves made from |
synthetic polymers. 2

zo
EN ISO 10993 specifies requirements and test methods for biological evaluation of medical devices. Hov̂ rever 5
it does not specifically address adverse reactions that can result from the use of medical gloves (e.g, >
immediate type allergies). These adverse reactions occur to specific allergens that can be present in gloves.
Several factors contribute to the risk of reaction:

a) the duration and frequency of skin contact with gloves;

b) the exposure to the allergens through direct contact to mucosa and skin (especially when not intact) and 
by inhalation of particles;

c) the occlusive nature of the glove/skin interaction during glove use.

This part of EN 455 gives requirements and test methods for evaluation of the biological safety of medical 
gloves as part of a risk management process, in accordance with EN ISO 14971 and EN ISO 10993.
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1 Scope

T h is  part o f E N  455  sp e c if ie s  requ irem ents for the evaluation  o f b io log ica l sa fe ty  for m ed ica l g lo ves for s ing le  use. It 
g ives requ irem ents for labe lling  and the d isc lo su re  o f information re levant to the test m ethods used.

o
2 Normative references §

I $

The  fo llow ing re ferenced docum ents are  ind ispensab le  for the app lication  of th is docum ent. Fo r dated references, §
on ly  the edition cited app lies. Fo r undated references, the latest edition o f the re ferenced docum ent (including any 2
am endm ents) app lies. >

E N  980, Graphical sym bo ls for u se  in the labelling o f m edical dev ices  §

<
E N  1041 , Infonnation supplied b y  the m anufacturer witti m edical d ev ices o

li.
E N  ISO  10993 (all parts). Biological evaluation o f m edical dev ices ^

I -3
E N  I S 0 14971, Medical dev ices —  Application o f risk m anagem en t to m edical dev ices (ISO 14971:2000) t

cnz
E N  150 21171:2006, M edical g loves —  Determination o f rem ovable surface pow der (ISO 21171:2006) x

occ
European Pharmacopoeia, M onograph 2.6.14 Bacterial Endotoxins: publisher EDQM Council o fE u m p e; 226  2
avenue d e  Colmar B.P. 907; F-67029 Strasbourg; France httD:/Awm.oheur.ora iS
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3 Term s and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
chemicals
substances added or formed during any step of the manufacturing process or in storage which may be 
available in the final product o

CO
N O TE These can include lubricants, chem ical coatings and sterilizing agents. Severa l chem ical ingredients are i
commonly used during processing of gloves, som e of them are known to cause type IV a llerg ic reactions. The type and ^
amount of residual chem ica ls added and finally present are variable. o

5<
3.2 <
endotoxins t
lipo-polysaccharides originating from the outer cell-membrane of Gram-negative bacteria

<
N O TE Endotoxins are one type o f pyrogen. Sources of endotoxins can include bacterial contamination of the raw i
materials, especia lly the process water used during manufacturing and manual handling o f the gloves. ^

U J

3.3 ^
powder p
all water insoluble material on the surface of a glove that is removed by washing under the conditions of the z
test

[EN ISO 21171:2006, definition 3.1]

3.4
process limit
highest value likely to be encountered for a validated manufacturing process

4 R equ irem ents

4.1 General

Medical gloves for single use shall be evaluated as described in the EN ISO 10993 series. Part 1 of this series 
describes the general principles governing the biological evaluation of medical devices and shall be used to 
select the appropriate tests as described in other parts of the series.

A risk management process in accordance with EN ISO 14971 shall be established.

NO TE This includes both deliberately added powder and other processing a ids or materials accidentally present a:
which may be readily detached from the surface of the glove. For the purpose of this European Standard any g love m
containing 2 mg or less powder is a powder-free g love and more than 2 mg is a powdered glove (for requirement see 4.4.).

^■5 §proteins, allergenic ^
proteins capable of causing a type I allergic reaction u

3.6 o
proteins, leachable ^
aqueous proteins and peptides extractable from the final product ^

z

3.7 m
COpyrogens co

substances creating fever in rabbits which can be related to fever and other adverse reactions in humans “
Q
LJJ



Gloves shall not be dressed with talcum powder (magnesium silicate).

Chemicals known to be allergenic shall be avoided if technical alternatives exist. Wherever possible allowable 
limits for leachable residual chemicals shall be established using EN ISO 10993-17 and these limits shall be 
complied with. Wherever this is not possible, the residual chemicals level shall be "As Low As Reasonably 
Practicable" (ALARP -  see EN ISO 14971).

The manufacturer shall disclose, upon request, a list of chemical ingredients either added during 
manufacturing or already known to be present in the product such as accelerators, antioxidants and blocides, 
that are known to cause adverse health effects based on current data.

The leachable protein level shall be "As Low As Reasonably Practicable" (ALARP).

4.6 Labelling

In addition to the labelling specified in EN 1041 and the relevant symbols given in EN 980, the following 
requirements apply;

a) medical gloves containing natural rubber latex shall be labelled at least on the packaging, of the smallest 
packaging unit with the following symbol (EN 980 general requirements for symbols apply);

o
4.3 Endotoxins <

<
The manufacturer shall monitor the endotoxin contamination of sterile gloves using the test method specified o
In 5.1 if the gloves are labelled with low endotoxin content'. For such labelled gloves the endotoxin content ^
shall not exceed the limit of 20 endotoxin units per pair of gloves. §

4.4 Powder °111KD
For powder free gloves the total quantity of powder residues determined according to the test method under t
5.2 shall not exceed 2 mg per glove. Any glove containing more than 2 mg powder is a powdered glove. ^

Xo
4.5 Proteins, leachable §

mCO
The manufacturer shall monitor the process limit of leachable protein in the finished gloves containing natural ^
rubber latex by the method specified in 5.3 and described in Annex A. The documentation of these results ^
shall be retained. The results of the test and applied test method shall be made available on request. g

3
CL 
LJJ 
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NOTE Proteins, allergenic: This European Standard specifies a method measuring a broad approximation for the o
allergen content, e.g. leachable proteins. There is no direct correlation between leachable proteins and allergen content. ^
Quantitative methods to measure allergenic proteins are under development, as described in Annex B.



Figure 1 — Symbol for products containing natural rubber latex

b) the labelling shall include the following or equivalent warning statement together with the symbol; 
'(Product) contains natural rubber latex which may cause allergic reactions, including anaphylactic 
responses;

c) the labelling shall include a prominent indication of whether the glove is powdered or powder-free;

d) sterile powdered gloves shall be labelled with the following or equivalent; 
'CAUTION: Surface powder shall be removed aseptically prior to undertaking operative procedures in 
order to minimize the risk of adverse tissue reactions;

NOTE 2 This caution statem ent can be given on the inner wrapping.

e) for any medical glove containing natural rubber latex the product labelling shall not include;

— any term suggesting relative safety, such as low allergenicity, hypoallergenicity or low protein;

— any unjustified indication of the presence of allergens;

f) If the manufacturer labels the gloves with the protein content, the process limit, measured as specified in
5.3 shall be given.

NOTE 3 This d o es not allow a  protein labelling claim below  50 ĵg/g. Lower claim s are not considered to be reliable 
given the expected  p rocess variation in manufacture and inter-laboratory testing.

5 T e s t m ethods

5.1 Endotoxins

Except where non-removable interferences in the Limulus Amoebocyte Lysate (LAL) procedures are present, 
selection, validation and use of technique shall be as described in the European Pharmacopoeia, Monograph 
2.6.14, "Bacterial Endotoxins". The results shall be expressed in endotoxin units (E.U.) per pair of gloves.

NOTE 1 W here non-removable interferences in the LAL procedure are present, the bacterial endotoxin level cannot be 
accurately m easured.

The minimum number of pairs of gloves recommended to be tested in relation to the number of items in the 
batch are two pairs of gloves for a batch size under thirty, three pairs of gloves for a batch size thirty to one 
hundred, and 3 % of a batch above size one hundred, up to a maximum of ten pairs of gloves per batch.



The outside surface of a pair of gloves is extracted with 40 ml of endotoxin-free water (Water LAL, European 
Pharmacopoeia, for not less than 40 min and not more than 60 min at a temperature between 37 “C and 
40 ®C in a way to ensure that all surfaces come into contact with the extraction medium. The extract is 
centrifuged, if necessary, for 15 min at 2000 g to remove particles after which the liquid component is 
decanted and tested for endotoxin immediately afterwards.

NOTE 2 Other methods for the analysis of endotoxins exist and these can be used for routine quality control purposes 
provided they have been validated and a correlation established against the reference method specified in this European 
Standard.

o

5.2 Powder §<ji
The test method for the determination of powder residues described in EN ISO 21171 shall be used. o

5.3 Proteins, leachable

NOTE 2 The immunological methods in Annex B are currently not validated against the modified Lowry method but 
may be correlated to clinical response data

— the description of the test method applied:

The test method for the analytical determination of leachable protein shall be the modified Lowry method 
given in Annex A or a suitably validated method which has been correlated against the modified Lowry § 
method. ?

NOTE 1 An example of a validated analytical method is given in Annex C, ^

6 Test report

The test report shall include at least the following information; g

— a reference to this European Standard, i.e. EN 455-3;

— the type of gloves and manufacturing batch code; g
u.

— the name and address of the manufacturer or distributor and of the test laboratory if different; c
o

— the date of the test; £

— the test results. g
Q
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Annex A
(normative)

Method for the determination of aqueous extractable proteins in natural 
rubber gloves using the modified Lowry assay

A.1 Scope
I t

This method is for the determination of the amount of aqueous extractable proteins in gloves for medical use 
made from natural rubber (NR). It has been validated during inter-laboratory round-robin tests. The lower 
quantification limit is approximately 10 ng protein per g of glove (i.e. 2 îg protein per ml of extract) depending 
on the glove weight.

Chemicals such as surfactants, accelerators and antioxidants added to the NR latex during the manufacture of 
the gloves can interfere with the colour development during the determination, some materials may reduce 
colour development while others can increase it. If the test method yields results that appear erroneous due to 
interferants, then any validated amino acid analysis method can be used (as an example see the method 
given in Annex C).

NOTE Persons using this method should be familiar with normal laboratory practice. This method does not purport to 
address all of the safety problems, if any. associated with its use. It is the responsibility of the user to establish appropriate 
safety and health practices and to ensure compliance with any national regulatory conditions.

A.2 Principle

Water soluble proteins are extracted into a buffer solution and then precipitated with acids in the presence of 
sodium deoxychoiate to concentrate them and to separate them from water soluble substances which may 
interfere with the determination. The precipitated proteins are redissolved in alkali and quantified 
colorimetrically by a modified Lowry method. The assay is based on the reaction of proteins with copper and 
Folin reagent in an alkaline medium to give a characteristic blue colour. Spectrophotometric measurements 
are perfonned at a fixed wavelength in the range 600 nm to 750 nm.

A .3  R eagents  

A.3.1 General

Wherever water is called for, double distilled water or water of equivalent quality should be used. All other 
reagents should be of analytical quality.

A.3.2 Extractant

A.3.2.1 N-triS’ [Hydroxymethyl]-methyl-2-aminoethanesulfonic acid (TES), hemisodium salt.

A.3.2.2 Extraction buffer, 0,1 M, prepared by dissolving 24 g TES (A.3.2.1) in 1 I water. Any equivalent
buffering system can be used provided the solution has sufficient buffering capacity to hold a pH of 7,4 ± 0,2 
in the glove extracts.

NOTE Prepare a sufficient quantity for the glove extraction (A.6.2). the preparation of the protein standard solutions 
(A.6.3.2) and the blank.



A.3.2.3 Dye solution, Bromophenol blue, sodium salt solution, prepared by dissolving 100 mg
bromophenol blue in 1 I of water. Prepare a fresh solution every four weeks.

A.3.3 Lowry protein assay reagents

NOTE Reagents can either be prepared from off-shelf chemicals [1 ] or be purchased as commercial kits. The method 
for this European Standard was validated with a commercial kit

A.3.3.1 Reagent A, Copper reagent (alkaline copper tartrate or copper citrate solution).

A.3.3.2 Reagent B, Diluted Folin reagent. $

A.3.4 Sodium hydroxide, 0,1 M aqueous solution.

A.3.6 Trichloroacetic acid (TCA), 4,4 mM in water, prepared by dissolving 72 g TCA in water and diluting 
with water to 100 ml.

A.3.7 Phosphotungstic acid (PTA), prepared by dissolving 72 g PTA in water and diluting with water to 
100 ml. Do not use this solution more than four weeks after it has been prepared.

A.4.2 Centrifuge, capable of reaching at least 6000 g

■ uG of India

o

A.3.5 Sodium deoxycholate (DOC), 3,47 mM, prepared by dissolving 0,15 g sodium deoxycholate in water S 
and diluting with water to 100 ml. Do not use this solution more than four weeks after it has been prepared. o

A.3.8 Ovalbumin, from chicken egg )̂ lyophilized, salt-free.

A.4 Apparatus
ccUJ

A.4.1 Synthetic gloves, powder-free, g
CL 
LU
I  h-

A.4.3 Centrifuge tubes, 30 mt or 50 ml polypropylene tubes with a low protein binding capacity of 10 pg per o
tube or less. Do not use glass equipment because of surface absorption of proteins. 

ê
NOTE A method for the determination of protein binding capacity is described in A.5. occ

LL

A.4.4 Filter units, single use, with 0,22 )xm pore size and a low protein binding capacity of 10 ^g per filter or o
LUoless.

NOTE A method for the determination of protein binding capacity is described in A.5. £
Q
Z

A.4.5 Syringes, disposable, 20 ml, made of polyethylene or polypropylene. ^
wm

A.4.6 Micro tubes, 2 ml, made of polypropylene. >
Q

A.4.7 Quartz cuvette, of 1 cm path length. □
Q.
Q.

A.4.8 Microtitre plate, with 96 wells, flat bottomed, made of polystyrene, or disposable cuvettes (A.4.9). c/7

Lowry Micro DC Protein Assay Kit (catalogue number 500-0116), available from BioRad Laboratories, 2000 Alfred 
Nobel Drive, Hercules, CA 9456547, USA. This information is given for the convenience of users of this European 
Standard and does not constitute an endorsement by CEN of the product named.

This ovalbumin is prepared from fresh chicken egg whites by ammonium sulfate fractionation and repeated 
crystallisation at pH 4.5; for example Sigma A 5503, chicken egg albumin, Grade V, available from Sigma Chemical Co. 
P.O. Box 14506, St Louis, MO 63178, USA is suitable. This infonnation is given for the convenience of users of this 
European Standard and does not constitute an endorsement by CEN of the product namyl. __ ——



A.4.9 Disposable cuvettes, 1,5 ml semi-micro, 1 cm path length, made of polystyrene 

A.4.10 Microplate reader, operating at a wavelength in the range 600 nm to 750 nm 

A.4.11 Spectrophotometer, operating in the wavelength range 230 nm to 750 nm.

A.4.12 Vortex mixer.

A.4.13 Micropipettes, with disposable polypropylene tips.

A.4.14 Clamps, for sealing gloves watertight during extraction. Pairs of aluminium bars lined with foam 
rubber and which can be screwed together (see Figure A.1) or 170 mm long plastic clips for haemodialysis are 
suggested. o

A.4.15 Shaker I
1=o

Single use polypropylene equipment (which is known to have a low protein binding capacity) is recommended 
for use throughout. The protein binding capacity shall be checked by the following methods before using 
centrifuge tubes or filter units from a new batch. The test shall be carried out within one day,

A.5.2 Protein binding capacity of centrifuge tubes

where

0  is the absorbed ovalbumin in |xg/tube;

R is the mean of three determinations of the ovalbumin content of the reference solution in jig/ml;

T is the mean ovalbumin content of the test solution after passage through the tubes 
(i.e. the mean of six values) in ^g/tube.

The value for the absorbed albumin (O) shall be less than 10 ^g per tube, otherwise the tubes are unsuitable 
for the determination.

z

A.5 Measurement of protein binding capacity 

A.5.1 General
U J

A.5.2.1 Prepare in a centrifuge tube (A.4.3) 30 ml of a reference solution containing 10 ng/ml ovalbumin £
by dilution of the protein stock solution (A.6.3.1) with the extraction buffer (A.3.2.2). g

A.5.2.2 Transfer 10 ml test portions of the ovalbumin solution (A.5,2.1) to each of two fresh centrifuge ^
tubes and shake the tubes on a shaker (A.4.15) ensuring that the whole surface is wetted by the solution. ^
After 30 min transfer the solutions to a further two tubes and shake them. Repeat the procedure until each of o
the 10 ml portions has been exposed to five tubes. Store the remaining test solutions. ^

A.5.2.3 Determine the concentration of the protein in the reference solution and two test solutions in o
triplicate using the method given in A,6.4 to A.6 .6 .

A.S.2.4 Calculate the average absorbed ovalbumin from the expression;

„  lO(fl-r) S
(J = ------------  Q

5 i
CO
COm

= 2 (R-T) “
U J



A.5.3 Protein binding capacity of filter units

A .5 .3 .1  Prepare in a centrifuge tube (A.4.3) 30 ml of a reference solution containing 10 jig/ml ovalbumin
by dilution of the protein stock solution (A,6 .3,1) with the extraction buffer (A.3.2.2).

A .5 .3 .2  Prepare two stacks of five filter units (A.4.4). Filter 10 ml of the reference solution through each
filter stack into a centrifuge tube {A.4.3).

A .5 .3 .3  Determine the protein content of the reference solution and the two test solutions in triplicate
using the method given in A.6.4 to A.6 .6 .

A.6 Procedure

A.6.1 General

The procedure involves the extraction of the gloves followed by purification and concentration of the extract by 
a factor of five. The determination on the extract is perfonned by reference to a calibration curve prepared 
using standard protein solutions which have been concentrated in the same manner.

A .5 .3 .4  Calculate the average absorbed ovalbumin from the expression: ^
1 o

^  1 0 ( /? -7 -)  I
5 ?

o

= 2 (R-T) I

where 2
H P

O is the absorbed ovalbumin in |jg/tube; cc

R is the mean of three determinations of the ovalbumin content of the reference solution in |ig/ml; x
cc<

7 is the mean ovalbumin content of the test solution after passage through the filter units
(i.e. the mean of six values) in ^g/tube. c

ccLU
The value for the absorbed albumin (O) shall be less than 10 |xg per filter, othen̂ /ise the filters are unsuitable S
for the detennination. ^

LU
I

LUThe extraction procedure employed is one in which the inside of one glove and the outside of a second glove 9
are extracted simultaneously. It allows the extraction volume to be minimized at 25 ml and avoids any loss of 
proteins to container surfaces because the extraction buffer is only exposed to the gloves. ^

> 
CO 

QLU
NOTE Alternative extraction procedures m ay be used if they are  validated against this method. A round robin test by 
selected  laboratories in Europe and in the USA revealed equivalent results witfi the ASTM  Standard 0 5 7 12 :19 9 5  [2] when 
extracting cut p ieces o f glo ves for 2 h at 25 ®C In T E S buffer pH 7,4. i

A.6.2 Extraction procedure

A .6 .2 .1  Use synthetic gloves (A.4.1) to handle the glove samples used for the extraction.

Take eight glove specimens of the same size and the same lot and separate them into four pairs. In the case 
of hand-specific gloves, choose four right-handed and four left-handed samples and separate them into two 
right-handed and two left-handed pairs.



Mark the cuff of one glove of each pair at a point (200 ± 10) mm from the tip of the middle finger and weigh the 
glove (mi) to the nearest 0,1 g. For each pair, insert the second glove inside the marked one so that they fit 
together as shown in Figure A.1 a).

NOTE The method for introduc.ng one glove into the other is not of critical importance provided the gloves are 
manipulated as little as possible. One way it can be achieved is by sliding a rod in the thumb and the little finger of the 
inner glove to help to introduce them into the corresponding fingers of the second glove. Use the rods to insert the three 
other fingers.

A.6.2.2 Pour into the inner glove a sufficient quantity of dye solution (A.3.2.3) to fill all five fingers. 
Introduce 25 ml extraction buffer (A.3.2.2) at (25 ± 5) °C t>etween inner and outer gloves. For larger gloves 
this volume may be increased to a maximum of 50 ml. Remove most air bubbles and seal the gloves with the 
clamp (A.4.14) at the 20 cm mark so as to produce a watertight seal as shown in Figure A.1 b).

A.6.2.3 Fix the gloves to the shaker (A.4.15) and shake for (120 ± 5) min at (25 ± 5) ®C.

A.6.3.2 Protein standard solutions

Prepare serial dilutions of the protein stock solution (A.6.3.1) using the extraction buffer (A.3.2.2), to make 
solutions with nominal concentrations of about 100 îg/ml, 50 ng/ml, 20 ̂ g/ml, 10 iig/ml, 5 îg/ml and 2 jig/ml. 
Use extraction buffer as a blank. The solutions are stable for 2 days refrigerated or for 2 months frozen at - 
18 “C. Thawing requires heating to 45 ®C for 15 min.

A.6.4 Precipitation and concentration of protein 

A.6.4.1 Carry out the procedure in duplicate at (25 ± 5) °C.

Assuming a molecular weight of 43000 D and a molar extinction of 30745 at 280 nm and pH 7.4, the extinction of 1 
mg/ml ovalbumin in 0,1 M TES buffer pH 7,4 is 0,715 using a light path of 1 cm [3).

A.6.2.4 Remove the clamp and separate the gloves carefully. Take care not to contaminate the extract o
with the dye solution. If the extract is coloured blue, It shall be discarded and the extraction repeated with
fresh gloves. 5

z
A.6.2.5 Carefully transfer the extract into a centrifuge tube (A.4.3) and clarify the extract either by o
centrifugation at not less than 2000 g for 15 min or filtration through a single use filter unit (A.4.4), or a h
combination of both as appropriate. Either store the resulting clear solution refrigerated at 2 °C to 8 °C and i
carry out the determination within 48 h or alternatively freeze aliquots of the solution at -18 “C or lower for a ^
period not exceeding 2 months before analysis.

u
A.6.2.6 Cut the section of the cuff above the 20 cm mark from the extracted outer glove, wipe the liquid <

cn 
LUoff the surface with tissue, allow to dry at room temperature and weigh It to the nearest 0,1 g (m2). Calculate 

the mass (m) of the extracted part of the glove as follows; ^
LU
ca

m = -  m2  “
cz
UJ
I

A.6.3 Protein standard

A.6.3.1 Stock protein solution c?j

Prepare a solution of ovalbumin (A.3.8) with a nominal concentration of 1 mg/ml by dissolving 25 mg g
ovalbumin in 25 ml extraction buffer (A.3.2.2). Filter the solution through a 0,22 jim fiiter (A.4.4) and determine ^
the true concentration of ovalbumin by using an UV spectrophotometer to measure the absorbance at 280 nm ^
using a quartz cuvette (A.4.7). If the absorbance Is divided by 0,715 )̂ it will give the exact concentration in o
mg/ml. The solution is stable for 2 days under refrigeration or for 2 months frozen at *18 “C. Thawing requires 
heating to 45 “C for 15 min.



A.6.4.2 Accurately transfer 1 ml each of the blank, protein standard solutions (A.6.3.2) and the four glove
extracts (A.6 .2.5) into micro tubes (A.4.6). Add 0,1 ml of DOC (A.3.5), mix by vortexing and allow to stand for 
10 min. Add 0,1 ml of TCA (A.3.6) and 0,1 ml PTA (A.3.7), mix by vortexing and allow to stand for a further 
30 min.

A.6.4.3 Centrifuge at 6000 g for 15 min. Decant the supernatant liquid and drain for 5 min by inverting
each centrifuge tube on an absorbent paper.

A.6.4.4 Add 0.2 ml of 0,1 M sodium hydroxide solution {A.3.4) to each tube including the blank. Mix on a 
vortex mixer to re-dissolve the precipitated proteins. Ensure that the proteins are completely re-dissolved to a 
clear solution. Depending on the glove this sometimes needs an overnight standing refrigerated at (5 ± 3) ®C. 
If any precipitate remains, add a further, measured quantity of the sodium hydroxide solution by 0,2 mi 
increments up to a total of 1 ml and use a 0,2 ml aliquot for subsequent steps. It can be useful to dilute the 
extract of such samples prior to precipitation.

NOTE The p rocess o f concentrating the protein by precipitation and re-dissolving is intended to purify the protein and ^ 
to rid it o f interterants. It is inevitable that during this process a certain amount of protein is lost and it is assum ed for §  
purposes o f the test that the sam e p ercen tage will be lost from the protein standard solutions as  from the test sam ple <
extracts. However, the loss should be kept to the minimum a s  gro ss lo sses would not b e  reproducible. 5

z
u.

A.6.5 Colour development 2
t-

A.6.5.1 The method described here is adapted to the commercial kit used for validation. Other kits or t  
reagents prepared from off-shelf chemicals can require other volumes and incubation times.

A.6.5.2 Add 0,125 ml Reagent A (A.3.3.1) into each micro tube containing the re-dissolved protein <̂
cnsolutions including the blank. Mix well. Add 1 ml Reagent B (A.3.3.2), cap the tube, vortex and allow the colour 

to develop fully for 30 min. Should precipitation occur at this stage, centrifuge or filter to remove the precipitate ^ 
before measuring the absorbance. cc

ll
CD
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A.6.6 Measurement a
LU
I

A.6.6.1 Micro-plate reader ccou.
Pipette a consistent volume of the solution (A.6.5.2) to the well of a microtitre plate (A.4.8) so that the well is «
almost full. e.g. 490 1̂ in a 500 1̂ well. Measure the absorbance versus the blank at a specific wavelength In s
the range of 600 nm to 750 nm. 2

lij
NOTE It is important for unifomi results that the standard solutions, together with the glove extracts, be analysed ^
together within 1  h after a  stable colour has developed. o

Zj
CL

A.6.6.2 Spectrophotometer o

Transfer the solution (A.6.5.2) to a cuvette (A.4.9) and measure the absorbance against the blank at a specific g
wavelength in the range 600 nm to 760 nm. “

CQ

NOTE It is important for uniform results that the standard solutions, together with the glove extracts, be analysed 2
together within 1 h after a stable colour has developed. a

□.D(O

A.7 Expression of results

A.7.1 Calculation

A.7.1.1 Calibration curve

Calculate the average absorbance of the duplicate determinations. If the individual values differ by more than 
20 % repeat the determination. Prepare the calibration curve by plotting average absortDance measurements



against the true concentration of the original protein standard solutions as shown in Figure A.2. The calibration 
curve should be linear over the range of 0 ^g to 100 |ig protein/ml in the original protein standard solutions.

NOTE Som e protein is lost during the concentration process It is assum ed that the sam e p ercen tage of protein is 
lost from the standards a s  from the test sam ples during the concentration process.

A.7.1.2 Concentration of extract

For each of the four extracts, calculate the average absorbance of the duplicate determinations (see A.6.4.1). ^
If the individual values differ by more than 20 % repeat the determination. Determine the concentrations of the ^
extracted samples (C) in ng/ml extract by reading them directly from the linear portion of the curve. f

z
NOTE . In the even t that tfie calibration curve is non-linear, the value can  be calculated by quadratic regression. It is o
su ggested  that commercial computer software for cun/e fitting and calculation of unknown concentrations is m ore practical. ^

><
A.7.2 Results

The protein content of each sample is given by

(V C  F)  o
P  =

m is the mass of glove extracted in g (A.6 .2.6).

LU

where ^

P is extractable protein in |ig/g of glove; 
<̂
LU

V is the volume of extraction medium used in ml; Scr
cc

C is the protein concentration of the extract in |ig/ml; m

F is the dilution factor; uj
X
I -

NOTE F  is the real volume of NaOH solution in ml used to re-dissolve the protein divided by 0,2. o

y)

oReport the mean protein content of the four determinations of glove extracts. £



Dimensions in millimetres

b l
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1 
2
3
4
5

outer glove (glove 1) 
inner glove (glove 2) 
extraction buffer 
dye solution 
glove clamp

Figure A.1 — Extraction of gloves (cross section)
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Y absorbance at 750 nm 1 absorbance

X ovalbumin concentration (ijg/ml) 2 computer generated polynoma of best fitting

Y = -4E - 0.5 X* + 0,013 X + 0,024 7

Concentration Absorbance

2,1 0,036

5,2 0,099

10,4 0,159

20,8 0,291

52,0 0,583

104,0 0,945

Figure A.2 — A typical standard curve measured in a spectrophotometer at 750 nm with 1 cm path
length

A.7.3 Statistical information

Nine laboratories participated in an inter-laboratory exercise as part of a scientific study supported by the EU 
in 1996 to 1998 and published in the final report MAT 1 -  CT 940060 European Commission Directorate 
General XII. In this experiment both were tested the precision of the Lowry method and the precision of the 
whole procedure including the extraction. The whole method includes additionally the variation of the protein 
content from glove to glove, which is in some cases much higher than the variation of the method. The results 
are summarized in Table A.I.
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Number of 
measurements

Number of 
extracts

Number 
of days

Mean 
in pg/ml

Repeatability 
coeffiecient of 
variation in % 

(within 
laboratories)

Reproducibility 
coefficient of 
variation in % 

(between 
laboratories)

Glove
extract

8 triplicates 1 used by all 
participants

1 63,9 4,9 9,6

Glove
extract

15 triplicates 5
J

61.7 6,8 6.3

Glove A 5 triplicates 5 1 88,8 7,9 22,5
Glove A 5 triplicates 5 5 84,5 6,1 20,3
Glove B 3 triplicates 3 109 20,2 23,3
Glove C 3 triplicates 3 1 727 8,3 23,0
Glove D 3 triplicates 3 46,5 10,1 31,8

Mean extract without extraction procedure 5,0 8,0

Mean whole procedure (glove A to D) 10,5 24,2
Xocr<
LUwUJ
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The limit of quantification was set to 10 pg/g because it is dependent on the thickness (weight) of the gloves. It 
was found to be between 1 pg/g and 5 |jg/g.
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Annex B
(informative)

Immunological methods for the measurement of natural rubber latex 
allergens

B.1 Introduction

B.2 Natural rubber latex allergens in manufactured rubber products

o
Immediate allergic reactions to natural rubber latex (NRL) proteins are recognized as an important medical <>and occupational health problem. A major source of sensitisation has been considered to be proteins or <
peptides eluting from protective NRL gloves [1]. ^

Although the amount of extractable total protein usually correlates reasonably well with the allergen content of <
NRL gloves measured by skin prick test (SPT) or human IgE-based assays [2], [3], [4], [5], the total protein z
methods also measure non-ailergenic proteins that are unrkely to be relevant in NLR allergy. Therefore, there ^
has been an increasing need for methods capable of specifically and accurately measuring allergens in NRL lu
goods. It Is agreed that allergen-specific assays would provide much more accurate and reliable information ^
both for regulatory purposes and for monitoring manufacturing processes. The availability of specific assays k
has, however, been scanty. Moreover, the still incomplete knowledge on the overall significance of the wide ?
spectrum of NRL allergens has made it difficult to decide which of the numerous allergens present in the NRL 0
source material should be measured. ^

LUW
Semiquantitative methods, such as RAST-inhibition and IgE ELISA inhibition, based on the use of human IgE i
antibodies, have been available for several years in research laboratories. Drawbacks of these methods are ^
that they are difficult to standardise and they suffer from limited availability of human sera containing clinically g
relevant latex-specific IgE antibodies. In addition, it should be noted that the standards used do not equate to ^
glove proteins. The principle that an ideal test for assessing allergenic potential of NRL products should be ^
based on specific allergen quantification has recently been adopted and endorsed in the ongoing >-
standardisation work both in Europe [6], [7] and the US [8]. o

LL

toSubstantial progress has recently been made in the development of specific and quantitative assays for ^
individual NRL allergen quantification [9], [10]. These new assays, based on the capture-enzyme o
immunoassay (EIA)-principle and on the use of monoclonal antibodies and purified or recombinant allergens, 
are specific; they can be properly standardized and are of sufficient sensitivity and reproducibility. In this 
infonmative annex current methods for NRL allergen measurement are reviewed.

Of the some 250 different proteins or polypeptides demonstrated in the NRL source material, the liquid latex of m
the rubber tree, Hevea brasiliensis, about one fourth to one fifth have been shown to bind with IgE and ^
represent allergens [11], [12]. The mixture of plant proteins in source material reflects the stress response of g
the rubber tree to wounding (the tapping procedure). Several of these proteins are defense proteins that have ^
been well preserved in plants during evolution. The structural homologies shared with these proteins provide ^
the molecular basis for the common cross-reactions of latex-allergic patients’ IgE towards various plant ^
proteins. It is likely that all of the significant allergens probably are present in the liquid NRL but, as referred to 
above, the majority of proteins and polypeptides present in the NRL source material are likely to be irrelevant 
in the assessment of allergenic properties of manufactured NRL products. The WHO/IUIS Allergen 
Nomenclature Committee lists (March 2004) 13 NRL allergens characterized t the molecular level 
(www.alleroen.orQ.). most of which have been cloned and produced by recombinant DNA techniques.

An optimal test should be designed to accurately measure all allergens that can be present in manufactured 
rubber products. This could include epitopes present on the natural proteins, as well as new epitopes on the 
break down products resulting from the harsh rubber manufacturing processes. So far a limited number of

http://www.alleroen.orQ


allergens has been demonstrated in NRL products. The current literature supports the contention that at least 
Hev b 1, Hev b 3, Hev b 5 and Hev b 6.02, and/or fragments or polymers of them canning IgE-binding 
epitopes, can be present in manufactured products [13], [14], [15], [16], [17], [18]. Whether additional 
allergens, such as Hev b2, Hev b7 or Hev b13 [19], turn out to be important rubber product-specific allergens, 
still awaits confirmation.

B .3 M ethods fo r m easuring  natural rubber latex a llergens

B.3.1 Qualitative methods ^

Immunoelectrophoretic methods and immunoblotting techniques, used extensively in the early 1990s, 
demonstrated and tentatively characterised several NRL proteins to which IgE from sera of NRL-allergic 
patients bind. It is however today agreed that these methods alone cannot be used for reliable identification of 
allergens [1 1], [12], [20], [21].

B.3.2 Semlquantitative methods <
oz

B.3.2.1 Skin prick testing in voiuntary latex-aiiergic subjects ^
UJf-DH

Z
Xo

Allergenicity of NRL extracts can be semiquantitatively assessed by skin prick testing (SPT) in a statistically relevant 
number of NRL-allergic patients. The size of the reaction is dependent on and proportional to the quantity of the 
allergens to which the patient has IgE class antibodies [2]. From a biological point of view SPT would make an ideal 
test to assess clinically relevant allergenicity, but due to ethical constraints this approach cannot be routinely used 
as a test for monitonng allergen contents in NRL gloves. §

LU
V)

B.3.2.2 IgE-ELISA inhibition (also known as RAST-inhibition)
LU
CDELISA-inhibition (ELISA = enzyme linked immunosorbent assay) can be used on the basis of commercially § 

available or self made assays for the determination of specific IgE antibodies. The formerly usual RAST (radio cc 
allegro sorbent test) used radioactive labelled instead of enzyme labelled detection antibodies. x

cc
ELISA inhibition has been used to evaluate NRL allergens in various medical and consumer products [3], [4], 2
[22], [23], g

s
In the procedure, optimal amounts of NRL allergens are bound to solid phase (e.g. paper or polystyrene). § 
Unknown samples and standards are incubated with pooled IgE serum from individuals with confimied NRL 
allergy. When the IgE antibody binds to the soluble allergen, it is prevented from binding to the solid phase ^ 
allergen. After incubation the mixture is transferred to the immobilised allergen preparation where the free IgE- 
antibodies are bound to the allergens on the solid phase. Specific binding is then measured using an enzyme 
labelled anti-lgE antibody. The extent of inhibition is proportional to the quantity of soluble allergens in the g 
extract. ^

03
The critical reagents are the immobilised allergen, the human serum pool and the standard allergen. a

In the self made assay used in reference 4 native non ammoniated NRL was used for coating and as standard g 
allergen. A concentration of 10 mg protein per ml in the standard was set to 100 000 arbitrary units. Serial ^ 
dilutions of glove extracts and standard NRL dilutions are incubated with optimally diluted IgE serum pool ^ 
composed of carefully characterised high-titered sera from NRL- allergic patients [4]. ^

cc



B.3.3 Specific quantitative methods

B.3.3.1 Capture enzyme Immunoassays (EIA) for NRL allergen quantirtcation

B.3.3.2 Background

The principle has been acknowledged that an optimal assay should be designed to detect only those NRL 
allergens that have been shown to be present in manufactured products. Only four NRL allergens, i.e. Hev b 1,
Hev b3. Hev b5 and Hev b6.02, have so far been unequivocally demonstrated to be present in extracts of NRL 
gloves [13], [15], [16], [17], [24]. The two most important allergens for adult subjects are Hev b 5 and Hev b
6.02 (hevein) [15], [17], [25]. Hev b 1 and Hev b 3 are important allergens for children with spina bifida [26], 2
[27]. Allergen-specific capture-enzyme immunoassays (EIA) to quantify thjese four NRL allergens have z
recently been developed and kits to measure these allergens have been commercially available since ^
December 2001. Reagents and equipment can also be purchased separately. >

B.3.3.3 Description of capture EIA methods §
<

The capture ElAs make use of specific monoclonal antibodies and either purified allergens or proteins g
produced by recombinant DNA technology as standards. Microtitre wells are coated in each test with one ~
specific monoclonal antibody that binds the desired allergen from the sample. After incubation, unbound 2
material is removed by washing. In the second incubation, enzyme-labelled (usually horseradish peroxidase 
(HRP)) allergen-specific monoclonal antibody binds to allergen molecules bound on the microtitre plate in the 
first incubation. After washing, substrate for the enzyme is added. After stopping the reaction the absorbance 
at a suitable wavelength is measured. The intensity of the colour produced is directly proportional to the 
allergen concentration of the sample.

B.3.3.4 Performance of the capture ElAs in comparison with IgE-based allergen assays

According to information provided by the manufacturer of the commercially available kits (FITkit® Insert leaflets, 
W W W .Quattromed.com ) the limit of detection for the 4 allergens range from 0.1 ^jg/l (Hev b6.02) to 2,3 pg/l (Hev b3). 
Repeatability coefficient of variation has been shown to rang© from 2,8 % to 5.8 %, and reproducibility coefficient of 
variation from 2,6 % to 7,6 %. This infomriation is given for the convenience of users of this European Standard and does 
not constitute an endorsement by CEN of the product named.

o

o cc< 
L U  
C/D 
UJcr 
cr
L L lSpecific allergen tests have now been used in several series of studies to assess the allergenicity of medical gloves. g

The best verification of the allergenic potential of a given extract would be reflected in its reactivity in the skin of ^
NRL-allergic patients. In a study of 22 NRL gloves highly significant correlations emerged when the sum of these u
4 allergens (measured by the commercial capture EIA kit) was related to results from human IgE-based inhibition ^
assays [10]. Highest correlation was seen between the sum of the 4 allergens in the gloves and SPT in 20 NRL o
allergic volunteers (r = 0,95) followed by the sum and IgE ELISA inhibition results (r = 0,90), The correlation to total ^
protein measured with the Modified Lowry method was very low (r= -0,11). In another series of 58 NRL gloves ^
reported in the same communication [10] the correlation between the sum of the four allergens and total allergen |
activity by IgE ELISA inhibition was 0,84. Results of a recent international multicenter study [28] arranged by FDA E
and carried out in seven laboratories to measure NRL allergens in 30 gloves similarly showed that sum of the four ^
allergens measured by the monoclonal ElAs displayed the highest correlation (r̂  = 0,91 -  0,95) with the assays g
using human IgE-based RAST/ELISA inhibition. For the time being, extended studies with a large number of gloves ^
are still needed to further assure the applicability of the allergen-specific ElAs but it already appears that the sum of a:
the four allergens reflects the total allergenic content of the glove extracts in a biologically meaningful manner. q
Studies currently in progress are expected to enlighten whether additional allergens are needed and whether they i
would affect the outcome of the assessments. 

m̂
>-m
Q

B.4 C onclusion  ^
Q .a.

Measuring total extractable proteins is not deemed an ideal method to control NRL allergen content of medical «
gloves. However, at the time of the publication of the standard, specific human IgE based methods for 
measuring allergens are not validated, lack standardization and suffer from paucity of the required reagents.

http://WWW.Quattromed.com


Therefore, it is still the method prescribed in the normative part of this standard. Capture EIA methods for the 
quantification of NRL allergens overcome several of the limitations of previous methods by using 
characterised and highly purified allergens and specific monoclonal antibodies against NRL allergens known 
to be present in NRL products. The assays have high specificity, irrespective of presence of other proteins or 
chemical substances derived from the manufacturing process of NRL products, and high sensitivity. The tests 
are technically relatively easy to perform and the results can be obtained in a short assay time {< 2 h). 
Drawbacks include the currently high costs and that it has not yet been possible to settle with certainty which 
of the several known NRL allergens are needed to establish recommendations and safety limits. Also a large 
number of monoclonal antibodies may be needed to ensure detection of all relevant allergens. Currently, tests ^ 
and/or reagents for measuring four individual NRL allergens by capture-EIA-based methods are commercially 
available. Should additional allergens turn out to occur in significant amounts in rubber products, new 
reagents and kits based on the existing frameworks can be developed.
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An interlaboratory experiment regarding the assessment of three test methods dealing with the quantification 
of NRL proteins and allergens in medical gloves was carried out by CEN/TC205/WG3 in the year 2002, The 
three test methods evaluated were

— Measurement of specific allergens (see footnote 4 from B.3.3.3)

— ASTM D 6499 (antigenic proteins) 129]

— Amino acid analysis (total protein) B
I—

No conclusions could be drawn from this experiment allowing to recommend the above mentioned test z 
methods to be introduced as normative into the standard. x

cc<
Extended studies with a representative collection of gloves currently marketed in Europe and reference ^ 
samples with accurately quantified concentrations of allergens of interest are needed to further validate the ^ 
perfomiance and usefulness of the new allergen-specific assays. g
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Annex C
(informative)

Amino acid analysis (AAA) by high pressure liquid chromatography (IHPLC)

C.2 Principles of the determination of proteins by HPLC

C.3 Material

C.3.4 Methanol protein sequencing grade 

0.3.5 o-Phthaldialdehyde (OPA)

0.3.6 Boric acid

0.3.7 Ethylendiaminetetratacetic acid, disodium salt (EDTA) 

0.3.8 Potassium phosphate monobasic (KH2PO4)

0.1 Background §
o5

The determination of proteins is usually based on colour reactions with particular structural elements, which §
are not regularly distributed in different proteins [1], [2], [3], [4], [5]. Therefore the response factor considerably |
differs from protein to protein [2], [4], In addition a number of substances interfere with colorimetric assays due ^
to either unspecific reactions with the colour reagent or Inhibition of the colour development. p

o
The amino acid analysis avoids these problems. This was confirmed by the results of the study ‘Determination <
of allergological relevant compounds in disposable gloves - Correlation of chemical, allergological and ^
immunological data’ within the program 'Measurement and Testing’ of the European Commission (MATI-CT ,1
940060) [8]. In this study the best correlation between clinical data (prick test) and the chemical analysis was °
revealed, if the protein concentration was measured by the amino acid analysis [6].

Nevertheless the modified Lowry method should be used as the standard method for protein determination in 
natural rubber gloves, because the amino acid analysis seemed to be too uncommon and complex for a ^
standard procedure. The amino acid analysis may be used to clarify doubtful results revealed by the modified ^
Lowry method. It should not be used for protein declaration but should help the manufacturer to avoid 
substances that lead to incorrect protein determination by the standard method.

ccIn the first step the proteins are hydrolysed by 6 M hydrochloric acid. The resulting free amino acids are then 
separated and detected by HPLC [7]. Quantification through an internal standard (norvalin) and subsequent o 
summation of the individual amino acids reveal the total protein content. Due to this procedure the method is ^  
independent from any structural feature of the original polymeric molecule. Currently no interfering substances |  
could be found, but the presence of TES-salts seem to avoid the loss of amino acids (e.g. by wall effects). o

u.
OJo 
z
LUo

0.3.1 DL-Norvalin S
z

0.3.2 HCI 30 % Suprapur m
m

0.3.3 Amino acid standard (containing L-alanine, ammonium chloride, L-arginine, L-aspartic acid, L- m
glutamic acid, glycine, L-histidine, L-isoleucine, L-leuclne, L-lysine, L-methio-nine, L-phenylalanine, L-proline, S
L-serine, L-threonine, L-tryptophan, L-tyrosine, L-valine 0,5 mM each and L-cystine 0,25 mM) ^



C.3.10 Sodium phosphate monobasic (NaH2P04)

C.3.11 3-mercaptopropionic acid

C.3.12 Separation column; Hypersil ODS 3 pm, 150 x 4,6 mm, pre-tested for OPA application

C.3.13 Precolumn; Hypersil ODS, 3 pm, 5 X 4.6 mm 2
OJ

C.3.14 Water at least Milli-Q or equivalent quality |
zC.3.15 Filter unit 0,2 pm pore size o
<

C.3.16 Tetrahydrofuran (THF) gradient grade for liquid chromatography <
I—

C.3.17 Acetonitril gradient grade for liquid chromatography ^

C.3.18 2 ml screw capped polypropylene vessels

C.3.19 Sodium carbonate

C.3.20 Sodium hydroxide or potassium hydroxide pellets

1,24 g boric acid and 85 mg EDTA in 30 ml water (C.3.14), adjust to pH 10,4 with 2 M NaOH and add water 
(C.3.14) ad 50 ml. Filter through a 0,2 pm filter unit (C.3.15), store at room temperature not longer than two 
weeks. Avoid refrigeration which causes an insoluble precipitate.

0.4 .5  Stop-solution

1,36 g KH2PO4 (C.3.8) in water (C.3.14), filter through 0,2 pm filter unit (C.3.15) and store at room 
temperature not longer than 4 weeks.

o
0.4 Buffers and solutions <OJcn

UJ
Solvent 1 and solvent 2 are made for an OPA-1 column of Grom, Herrenberg, Germany. If any other columns
are used changes might be necessary. 1̂

0.4.1 Norvalin-100
I
I—

11,7 mg norvalin (C.3.1) in 1 ml water (C.3.14) = 100 mM norvalin g
LL

0.4.2 Norvalin-1 S

100 pi norvalin-100 (C.4.1) in 10 ml water (C.3.14) = 1 mM norvalin, store at below 8 °C not longer than
4 weeks o

0.4.3 o-Phthaldialdehyde (OPA)

50 mg o-phthaldialdehyde (C.3.5), 4,5 ml methanol (C 3.4), 50 pi mercaptopropionic acid (C.3.11)

0.4 .4  Boratebuffer

400 mM sodium borate, 5 mM EDTA, pH 10,4

LU



7,15 g Na2HP04 (C.3.8) and 3,45 g NaH2p04-H20 (C.3.9) in 1.5 I water (C.3.14)

C.4.7 Solvent 1

20 ml tetrahydrofuran (C.3.16) plus 1 I phosphate buffer (C.4.6)

C.4.8 Solvent 2 S

250 ml acetonitril {C.3.17) 100 ml tertrahydrofuran (C.3.16) ad 1 I with phosphate buffer (C.4.6)

C.4.9 Sodium carbonate solution (0,1 M)

2,12 g Sodium carbonate (C.3.19) in 10 ml water (C.3.14) ^

C.5.3 Incubation (hydrolysis)

C.5 Hydrolysis 

C.5.1 Samples

400 pi extract (in TES buffer) + 10 pi norvalin-1 (C.4.2) + 700 \i\ HCI (C.3.3) z
I

C.5.2 Standards l̂Uw
380 \i\ water (C.3.14) + 20 |jl amino acid standard (C.3.3) + 10 \i\ norvalin-1 (C.4.2) + 700 pi HCI (C.3.2) c

cc
H I  
CD 
CDrj cc
LU

Incubate samples and standards simultaneously for 48 h at 100 °C in sealed screw capped PP vessels ^ 
(C.3.18). The vessels should be clamped into a screwed rack to avoid cracking of the caps. It is very important g 
to hydrolyse standards and samples simultaneously in order to have equal temperature and time conditions. '±

CO
CD

Cool down samples and standards, dry them in vacuum concentrator centrifuge or in a desiccator over NaOH |  
or KOH in vacuum. gc

LU

HCI need to be removed completely; otherwise the capacity of the borate buffer for derivatisation may be not z 
sufficient. 9

C.5.4 Free amino acids g
flj

Prepare from each extract and from the standard an un-hydrolysed sample. g
>m

— 400 pi extract + 10 pi norvalin 1 (C.4.2) □
□

— 380 pi water (C.3.14) + 20 pl amino acid standard (C.3.3) + 10 pi norvalin 1 (C.4.2) |
v>

C.6 Analysis (HPLC)

C.6.1 Sample preparation

— Add 20 pl sodium carbonate solution to the dried samples (C.4.9).

— Mix well or sonicate.



— Incubate for 15 min at room temperature, mix again to remove CO2.

— Add 180 pi borate buffer (C.4.4).

C.6.2 Derivatisation

The derivatisation step is dependent on time and temperature: it should be done by an autosampler at 
constant temperature between 20 “C and 25 °C.

Mix 25 |jl borate buffer (C.4.4), 12 \i\ OPA (C 4.3) and 8 [jI sample

After 2.5 min terminate the reaction by adding 25 pi stop solution (C.4.5).

C.6.3 HPLC

The HPLC analysis can be done in any HPLC equipment using a gradient system and fluorescence detector

3,0 min to 9,0 min 12,5% solvent 2 87,5 % solvent 1

26.0 min to 30,0 min 80 % solvent 2 20 % solvent 1

30.0 min to 31,0 min 0 % to 80% solvent 2 20 % to 100 % solvent 1

subtraction of the free amino acids. The sum of the amino acids equals the total protein content.

0 .7  Exam ples  

0.7.1 Standard

A typical chromatogram of a hydrolysed standard solution with 19 amino acids In equimolar concentrations is 
shown in Figure C.1 a). The expected amino acids are listed in Table C.1. Asparagine and glutamine which 
completely convert to aspartic acid and glutamic acid were not included in the standard solution. Norvaline 
which does not occur naturally was used as an internal standard. Tryptophan and cystine were present in the 
unhydrolyzed standard solution but were destroyed by HCI-hydrolysls. Proline does not react with OPA/MPA 
due to the lack of a primary amino group and therefore was not detectable under these denvatisation 
conditions. Lysine often results in two peaks because one or two of its amino groups may react with 
OPA/MPA, The ratio of these two peaks is dependent on the reaction conditions (temperature, age of OPA

<
A successful example is listed here, but these conditions have to be adapted to the system and the column ^
used. iZ

0 min to 2.5 min 0% solvent 2 100% solvent 1 z

2,5 min to 3,0 min 0 % to 12,5% solvent 2 87,5 % to 100 % solvent 1 a<
LiJ
cnUJcc 
cc
LU9.0 min to 13.0 min 12,5 % to 42% solvent 2 58 % to 87,5 % solvent 1 m' ' {D
CL13.0 min to 24,0 min 42% solvent 2 58 % solvent 1 mIW

24.0 min to 26,0 min 42 % to 80% solvent 2 20 % to 58 % solvent 1 o

LUo
0.6 .4  Oalculation ^

□
The concentration of the individual amino acids shall be performed by an internal standard method with £



solution) and therefore varies from run to run but does not influence the results if both peak areas are taken 
into account.

C.7.2 Glove extract

The chromatogram of a hydrolysed glove extract (prepared as described in Annex A) is shown in 
Figure C.1 b). This hydrolysis of latex proteins revealed the complete panel of the expected amino acids 
{Table C.1). Additional peaks were found at 14,23 min and 24,08 min which were identified as TES derived
products. This peak was completely resolved from those of atl amino acids and did not influence the analysis. 

ÔJ
1

C.8 Advantages and disadvantages o f the HPLC m ethod g
2<

C.8.1 Advantages ^

— It is not dependent on the polymeric structure of the protein. §
<

— It revealed the best correlation to clinical data (prick test). i
u.O

— No interfering substances are known. ^
DH

— It is more sensitive than colorimetric determinations. ^

— It is highly specific for proteins. o
< 
LUcn
LU 
CL 

ir
It is an uncommon method, installed only in a few laboratories. m

*  CD

cc
LU 
X

C.8.2 Disadvantages

— It is time consuming.

— The very complex evaluation of the data requires a lot of experience. o

o
ccu.
LUo2
LUo
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cc
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zD
COCrt
CO

>
CD

Q
_l
a.Q.D(O



Table C.1 — List of amino acids found in the HPLC analysis of a standard
in the hydrolysis of the glove extract (Figure C.1

solution (Figure C.1 a)) and 
b))

Amino acid Retention time in min Comment

Standard Analysis

Aspartic acid (ASP) 2,52 2,52

Asparagine (ASN) converted to ASP

Glutamic acid (GLU) 3,23 3,24

Glutamine (GLN) converted to GLU

Serine (SER) 6,83 6,85

Histidine (HIS) 8,60

Glycine (GLY) 9,25 9,25

Threonine (THR) 9,84 9,82

Arginine (ARG) 11,24 11,21

Alanine (ALA) 12,30 12,29

14,23 TES (extraction buffer)

Tyrosine (TVR) 17,7

Valine (VAL) 20,95 21.07

Methionine (MET) 21,75 21,90
Norvaline (NORVAL) 22,42 22,55 internal standard

24,08 TES (extraction buffer)
iso-Leucine (ILE) 25,15 25,32
Phenylalanine (PHE) 25,48 25,64

Leucine (LEU) 26,61 26,74
Lysine (LYS) 28,41

30,65
28,44
30,60

Tryptophan (TRY) destroyed by hydrolysis
Cystine, Cysteine (CYS) destroyed by hydrolysis
Proline (PRO) not detectable

o
5<><
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<
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X

F igure  C.1 b) —  G b v e  e x tra c t

Figure C.1 —  Typical chromatograms o f  an  amino acid standard (A) and an analysis of a glove extract
(35 pg protein)
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Annex ZA ^
(informative)

Relationship between this European Standard and the Essential Requirements of EU 
Directive 93/42/EEC Medical Devices

This European Standard has been prepared under a mandate given to CEN by the European Commission 
and the European Free Trade Association to provide a means of conforming to Essential Requirements of the 
New Approach Directive 93/42/EEC Medical Devices.

Once this standard is cited in the Official Journal of the European Communities under that Directive and has 
been implemented as a national standard in at least one Member State, compliance with the clauses of this 
standard given in Table ZA.1 confers, within the limits of the scope of this standard, a presumption of 
conformity with the corresponding Essential Requirements of that Directive and associated EFTA regulations.

Table ZA.1 — Correspondence between this European Standard and Directive 93/42/EEC Medical
Devices

Clause(s)/subclause(s) of this 
EN

Essential Requirements (ERs) 
of Directive 93/42/EEC Medical 
Devices

Qualifying remarks/Notes

4 1,7.1, 7.2
4.1 1 , 2 ,6

4.3 7.5
4.5 7.5
4.6 13.2
4.6 a) 13.3 k)
4.6 d) 13.3 j), 13.3 k)

WARNING— Other requirements and other EU Directives may be applicable to the product(s) falling within 
the scope of this standard.

o
CL<LU</>
U J
q:
cr
LUma3cn



•r ResearcM l.nMitute of India
j j  ̂ TTT “ T  ‘

....... ?i./Acc.

(/Initials

BSI

389 C hisw ick H igh  Road

London

W 4 4AL

BSI — B ritish  Standards In stitu tion
B SI is th e  ind ep en d en t n a tio n a l body responsible for p rep a rin g
B ritish  S tan d a rd s . I t  p re se n ts  th e  U K  view on s ta n d a rd s  in  E urope and  a t the
in te rn a tio n a l level. I t  is  incorporated  by Royal C harter.

Revisions
B ritish  S ta n d a rd s  a re  u p d a ted  by am en d m en t o r revision. U sers of
B ritish  S ta n d a rd s  shou ld  m ake su re  th a t  th ey  possess th e  la te s t  am en d m en ts  or
editions.

I t  is th e  co n stan t a im  of BSI to im prove th e  qu a lity  of o u r p roducts and  services. 
We w ould be g ra te fu l if  anyone finding an  inaccuracy  or am bigu ity  w hile using  
th is  B ritish  S ta n d a rd  w ould inform  the  S ecre tary  o f th e  techn ica l com m ittee 
responsible, th e  id en tity  of w hich can  be found on the, inside fron t cover.
Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers m em bers an  ind iv idual u p d a tin g  service called  PLU S w hich en su res  
th a t  subscribers au tom atica lly  receive th e  la te s t ed itions of s tan d a rd s .

Buying standards
O rders for a ll BSI, in te rn a tio n a l an d  foreign s ta n d a rd s  pub lica tions should  be 
ad d ressed  to  C ustom er Services. Tel: +44 (0)20 8996 9001.
Fax: +44 (0)20 8996 7001. Em ail: orders@ bsi-global.com . S ta n d a rd s  are  also 
availab le  from  th e  BSI w e b s i t e  a t  h t t p : / / w w w . b s i - g l o b a l . c Q m .

In  response to o rders for in te rn a tio n a l s tan d a rd s , it is BSI policy to supply  the  
BSI im p lem en ta tion  o f those th a t  have been pub lished  as B ritish  S tandards, 
un less o therw ise  requested .

Information on standards
BSI provides a  w ide ran g e  o f in form ation  on national, E u ro p ean  and  
in te rn a tio n a l s ta n d a rd s  th ro u g h  its  L ib ra ry  an d  its  T echnical H elp  to E xporte rs  
Service. V arious BSI electronic inform ation services a re  also  availab le  w hich give 
de ta ils  on a ll its  p roducts and  services. C ontact th e  In fo rm ation  C entre.
Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Em ail: info@ bsi-global.com.

Subscrib ing  m em bers of BSI a re  k ep t up to da te  w ith  s ta n d a rd s  developm ents 
an d  receive su b s ta n tia l d iscounts on th e  p u rchase  price of s ta n d a rd s . F o r de ta ils  
of th ese  an d  o th e r benefits con tac t M em bership A dm in istra tion .
Tel: +44 (0)20 8996 7002. Fax: +44 (0)20 8996 7001.
E m a il: m em bersh ip@ bsi-g loba l.com .

Info rm ation  reg ard in g  online access to B ritish  S ta n d a rd s  v ia B ritish  S tan d a rd s  
O nline can  be found a t  httD://w w w .bsi-global.com /bsonline.

F u r th e r  in fo rm ation  abou t BSI is availab le on th e  BSI w ebsite  a t  
http://www_.bsi-global.com.

Copyright
C opyright su b sis ts  in  a ll BSI publications. BSI also  holds the  copyright, in  the 
UK, of th e  pub lica tions of th e  in te rn a tio n a l s tan d a rd iz a tio n  bodies. Except as 
p e rm itte d  u n d er th e  C opyright, D esigns an d  P a te n ts  Act 1988 no ex trac t m ay be 
reproduced, s to red  in  a  re triev a l system  or tra n sm itte d  in  any  form  o r by any 
m ean s -  electronic, photocopying, recording or o therw ise -  w ith o u t p rio r w ritten  
perm ission  from BSI.

T h is does not p reclude th e  free use, in th e  course o f im plem enting  th e  s tan d ard , 
o f necessary  d e ta ils  such  as  symbols, and  size, t5T)e o r g rade  designations. I f  these 
de ta ils  a re  to be u sed  for any  o th e r purpose th a n  im p lem en ta tio n  th en  the  p rio r 
w ritte n  perm ission  of BSI m u st be obtained.

D eta ils  and  advice can  be ob tained  from  the  C opyright & L icensing  M anager. 
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553.
E m a il: copyrigh t@ bsi-g lobal.com .

otr
u .

LUOz
LUo
_ l

crUJQ2D
COwm
>-
CO

o
U J
_l
CL
a.
Z)<n

mailto:orders@bsi-global.com
http://www.bsi-global.cQm
mailto:info@bsi-global.com
mailto:membership@bsi-global.com
http://www.bsi-global.com/bsonline
http://www_.bsi-global.com
mailto:copyright@bsi-global.com



