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ABSTRACT 

Serum folate values determined by different labora-

tories using the Lactobacillus casei assay vary widely. This 

thesis describes investigations into factors which may contrib-

ute to this variation. 

These factors can be sub-divided into two groups - 

the loss of labile folate in serum prior to assay and factors 

attributable to the assay technique. The present observations 

have shown that folate in serum can be preserved for up to 14 

days at room temperature by the addition of ascorbic acid and 

for at least 2 years by freeze-drying without the addition of 

ascorbic acid. 

Two methods of assay were studied, one using deprot-

einized serum, the other whole serum. A factor common to both 

methods was the destructive effect of daylight on riboflavin 

and vitamin' B
6 
 in the assay meditO, which limited growth of 

the organism and particularly affected serum folate values 

in the upper normal range. 

In the assay of deproteinized serum, the ascorbic-

phosphate buffer used to prepare the serum extracts stimulated 

growth of L.casei with certain conditions of incubation and 

assay medium, so affecting the assay values of serum folate. 
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In the whole serum assay, serum from patients with 

certain conditions inhibited the growth of L.casei by agglutin-

ating the organism, under the conditions of assay, whereas 

most sera slightly stimulated growth. Deproteinization of 

serum removed the agglutinating factor and it was therefore 

a variable factor between the two techniques. 

The chemical nature and distribution of this L.casei  

agglutinin was investigated in the serum of normal subjects 

and patients with various conditions. 	In normal-subjects, 

the agglutinin titre was rarely above 1:40 and this factor 

was identified as an IOtantibody. 	In patients with adult 

coeliac disease, dermatitis herpetiformis and some other 

conditions, the titre was frequently much higher and an 

agglutinin was identified in the IgG fraction of selected 

sera. 	The thesis concludes with a discussion of the patho-

logical significance of this abnormal L.casei agglutinin. 
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PREFACE 

- 	, 
In recent years the introduction of microbiological 

methods of studying folate metabolism has made it possible 

to diagnose folate deficiency in patients with megaloblastic 

anaemia by measuring serum and red cell folate levels, and 

by studying changes in the excretion of formiminoglutamic 

acid, a metabolite of histidine, which.  is excreted in 

folate deficiency. Serum and red cell folate levels are 

estimated by microbiological methods using L.casei as assay 

organism. Red cell folate levels are only of value in 

diagnosing folate deficiency when considered in conjunction 

with the serum vitamin B12 and folate levels, since low 

red cell folates are also found in megaloblastic anaemia 

due to B12 deficiency. Furthermore reticulocytes contain 

very large amounts of folate and the red cell folate level 

may be within the normal range in patients with haemolytic 

anaemia and folate deficiency. It is now generally 

accepted that the clinical value of the serum folate assay 

is that subnormal levels are found both in patients with 

megaloblastic anaemia due to folate deficiency and also in 

non-anaemic folate deficient patients, and that higher than 

normal levels are found in Severe uncomplicated B12  deficiency. 
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However, the serum folate assay shows considerable 

variability in the results obtained from one laboratory to 

another, although it is possible to produce reasonably 

reproducible results if standardized conditions are used. 

This variation is dependant on a number of factors which 

have not been analysed previously. Investigations which 

have been made into, the more important factors affecting 

the reproducibility of the assay are described in this 

thesis. 

Part I is a review of previous work in this field. 

Part II describes the L.casei assay methods used 'in these 

investigations. Part III,reports investigations carried 

out firstly, to study possible causes of variation due to 

loss of labile folate or to factors inherent in the assay 

technique, and secondly to determine whether serum per se 

had a direct effect on the growth of L.casei, under assay 

conditions, other than that due to its folate content. 

Initially the latter was investigated` pecause of the known 

inhibitory effect of whole serum on the Euglena assay of 

serum B12 
(Anderson, 1964) and this led to the finding 

of a factor in some sera which caused agglutination of 

L.casei. These investigations are followed by a com- 
) 

parison of serum folate assay values obtained when assaying 
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either a deproteinized extract of serum or whole serum. 

Part'IV is an account of methods used to show 

the existence of the agglutinating factor in certain sera 

and experiments carried out to identify its nature. The 

incidence of this factor in the serum of normal subjects 

and patients suffering from various conditions is reported 

in Part V. 

Part VI concludes the work with a discussion of 

firstly the results of the investigations into factors 

which affect the response of L.casei to folate in serum, 

and secondly the nature and significance of the L.casei  

agglutinating factor in serum. 



PART I 

REVIEW OF PREVIOUS WORK 
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Introduction  

Folic acid was first isolated from liver in 1943 

(Pfiffner, Binkley, Bloom, Brown, Bird, Emmett, Hogan and 

O'Dell, 1943; Stokstad, 1943). 	It was synthesised by 

Angier et al. (1945) and named pteroylglutamic acid by the 

same authors in 1946. At this time it was thought that 

folic acid was effective in the treatment of all types of 

megaloblastic.anaemia, including Addisonian pernicious 

anaemia. However, subsequent reports indicated that 

folic acid was not the "anti-pernicious-anaemia factor" 

in liver, for treatment with large doses did not prevent 

the development of neurological changes in pernicious 

anaemia nor did it necessarily maintain the blood count 

in this disease (Davidson and Girdwood 1947, 1948; 

Heinle and Welch, 1947; Meyer, 1947; Vilter, Vilter 

and Spies, 1947; Mollin, 1948; Ross, Belding and Paegel, 

1948;. Wagley, 1948; Wilkinson, 1948; Vilter, Horrigan, 

Mueller Jarrold, Vilter, Hawkins and Seaman, 1950; 

Will, Mueller, Brodine, Kiely, Friedman, Hawkins, Dutra 

and Vilter, 1959). Nevertheless, folic acid was fully 

effective in the treatment of other types of megaloblastic 

anaemia associated with malabsorption, malnutrition, 

pregnancy, anticonvulsant therapy, and many disorders 
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due to increased cellular proliferation. 

Vitamin B
12 was isolated about five years later 

than folic acid by Rickes, Brink, Konuiszy, Wood and Folkers 

(1948) in the United States and by Lester Smith and Parker 

(1948) in the United Kingdom. 	The former were assisted 

by a microbiological assay for B12  (Shorb, 1947, 1948) 
. 	. 

which overcame the need to use tedious and time consuming 

clinical trials. The organism used for this was Lactobacillus  

lactis Dorner. Other more sensitive and specific micro-

biological assays were soon developed for measuring B12  in 

serum, but it was some time before comparable methods for 

measuring the folic acid activity of blood or serum were 

successfully developed. 

Development of Microbiological Assays of Serum Folate Activity 
* 

Early attempts to measure the folate activity of 

* Footnote: the following terminology has been used for the 

folic acid group of compounds: 

Folate = general term 

Folic acid =fpteroylglutamic acid = PteGlu 

Folinic acid. = 5-formyl-H4PteGlu 

Methyl-folate =.5-CH3-H4Folate 
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blood or serum by microbiological methods were carried out 

using Streptococcus faecalis (Schweigert and Pearson, 1947; 

Wolff, Drouet and Karlin, 1949; Girdwood, 1953;, Nieweg, 

Faber de Vries and Kroese,.i 1954; Condit and Grob, 1958; 

Cox, Meynell, Cooke and Gaddie, 1960) while other workers 

used Lactobacillus casei often in conjunction with S.faecalis  

(Schweigert, 1948; Simpson and Schweigert, 1949; Toennies 

and Gallant, 1949; Spray and Witts, 1952). Another organism, 

Pediococcus cerevisiae (Leuconostoc citrovorum) was used to 

measure a folic acid derivative - citrovorum factor (folinic 

acid) firstly in liver extracts (Sauberlich and Bauman, 1948; 

Broquist, Stokstad and Jukes, 1950; Keresztesy and Silverman, 
1 

1950) and later in serum (Girdwood, 1953; Condit and Grob, 

1958). These assay attempts were unsuccessful in demon-

strating a consistent diffOrence in serum or blood folate 

levels in normal subjects. compared with either B12  or folic 

acid deficient patients. dt thus appeared that a serum or 

blood folate assay would not  provide a diagnostic test for. 

folate deficiency. 

However, further work by Toennies, Frank and 

Gallant (1953) and Toennies:, Usdin and Phillips (1956) 

revealed that the folate material in blood or serum was 
. 	. 

'heat labile and extremely sensitive to oxidative destruction 
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and therefore had largely been destroyed during the assay 

procedures used previously; They showed that this material - 

could be preserved for assay either by dialysis of blood at 

low temperature and subsequent assay of the dialysates without 

heat treatment, or by the addition of ascorbic acid to the 

phosphate buffer in which freshly drawn blood was diluted, 

.which prevented loss of activity during heat coagulation 

as well as during storage. These workers were able to 

demonstrate folate activities in blood measured by L.casei, 

which were 20 to 100 times higher than previously reported 

.values, whereas the activities for S.faecalis and P.cerevisiae  

were negligible. They suggested that blood contained a 

labile material which was a, growth factor for L.casei (but 

not for S.faecalis or P.cerevisiae) and was not identical 

with either "folacin" (pterbylglutamic acid) or folinic acid. 

This material has since been identified as N5-methyl tetra-

hydrofolate (Herbert, Larrabee and Buchanan, 1962) and is 

the main form of folate in plasma, red cells, liver and 

other mammalian tissues. 

Using a modification of the method of Toennies 

et al. (1956), Baker, Herbek, Frank, Pasher, Hunter, 

Wasserman and Sobotka (1959) measured the folate activity 

of serum and demonstrated that folate deficient patients 
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had markedly lower levels than normal subjects or patients 

with uncomplicated B12  deficiency. This established the 

L.casei assay of folate activity in serum as a diagnostic 

test for folate deficiency: Its value in the differential 

diagnosis of the megaloblaAic anaemias was confirmed by 

other workers (Herbert, Baker, Frank, Pasher, Sobotka and 

Wasserman, 1960;. Cooper and Lowenstein, 1961; Waters and.  

Mollin, 1961; Ball and Giles, 1962; Hansen and Weinfeld, 

1962), but was disputed by Cooperman, Luhby and Avery (1960) 

on the grounds of a great overlap of folate levels in normal 

subjects and folate deficient patients. However, as pointed 

out by Waters and Mollin (1961), the sensitivity of the 

technique used by the latter authors was greatly reduced 

by the use of very high dilutions of serum. 

Attempts to obtain further information about the 

folate deficiency state were made by investigating different 

forms of folate in blood and serum using comparative assays 

with three organisms L.casei, S.faecalis and P.cerevisiae. 

The growth response of these different micro-organisms to 

various folate compounds is summarized in Table 1. 

Although differential assays greatly assisted the 

identification of the folate compounds in serum (Toennies, 

Frank and Gallant, 1952; Usdin, Phillips and Toennies, 1956; 



GROWTH RESPONSE OF DIFFERENT MICRO-ORGANISMS TO VARIOUS FOLATE COMPOUNDS 

Micro-organism 
Compound 

L.casei S.faecalis P.cerevisiae 

Monoglutamates 

+ 

+ 

+ 

+ 
- 

+ 

+ 

-. 

- 
- 

- 

" 	+ 

- 

- 
_ 

Folic acid (PteGlu) 

Reduced monoglutamates 

N5 (or  N10  )-formyl-H4PteGlu 5 N -methyl-H4Folate 

Natural polyglutamates 

Triglutamates (PteGlu3) 

Heptaglutamates (PteGlu7) 
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Herbert, 1961; Waters, 1963), they did not reveal any 

significant difference between patients with various folate 

deficiency syndromes (Grossowicz, Aronovitch, Rachmilewicz, 

Izak, Sadovsky and Bercovici, 1960; Grossowicz, Mandelbaum-

Shavit, Davidoff and AronoVitch, 1962). 

Recent Modifications of the L.casei Assay of Folate in Serum 

Since Baker et al. (1959) described their L.casei 

assay of folate in serum, a number of modifications have 

been introduced to improve Its sensitivity and accuracy, 
A 

and hence its clinical usefUlness as a diagnostic test 

for folate deficiency. 	These modifications, which concern 

many aspects of the assay technique, have been reviewed by 

Metz (1963) ;, Hansen (1964); Mollin and Hoffbrand (1965); 

Cooperman (1967), and the more important changes will now 

be described. 

(a) Culture of Organism  

Many workers adopted a method of maintaining the 

culture of L.casei in agar stabs in order, to stabilize 

growth characteristics and to ensure that the organism 

remained folic acid-dependeAt and gave consistently good 

growth in standard curves (Cooperman, Luhby and Avery, 1960; 

Davis and Kelly, 1962; Hansen, 1964; Spray, 1964; 
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Harper, 1965; Cooperman, 1967). 	Subcultures into broth 

were then prepared for each assay batch from the agar stab. 

A convenient method for maintaining organisms in the form 

of dried gelatin discs (Stamp, 1947) was used by Chanarin, 

Anderson and Mollin (1958) for S.faecalis and by Waters 

and Mollin (1961) for L.casei. 

(b) Assay Medium 

The basal medium used by Baker et al. (1959) was 

a modification of the medium of Jukes (1955) which was based 

on that described by Toepfer, Zook, Orr and Richardson (1951). 

Waters and Mollin (1961) modified Jukes's medium by the use 

of enzyme hydrolysed casein; in place of acid hydrolysed 

casein (Roberts and Snell, 4.946; Toennies et al., 1962). 

This was also used in the medium prepared by Spray (1964), 

to which he added ascorbic acid and claimed an increased 

growth response. Several other workers added ascorbic 

acid to their assay medium and reported increased growth 

of the organism, particularly in the standards (Ball and 

Giles, 19641, Spray, 1964; Temperley and Horner, 1966; 

Cooperman, 1967). Hence they endeavoured to compensate 
5 

for any stimulatory effect Of the ascorbic acid in the 

deproteinized serum extracts. Herbert (1961) suggested 

that the same volume of ascorbic-phosphate buffer should 
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be added to the standards as was contained in the serum 

extract assay tubes, in order to compensate for the ascorbic 

acid present. 

More recently, dry-mix media have been prepared 

commercially by Difco Laboratories and Baltimore Biological 

Laboratories (BBL) and used, satisfactorily by many workers 

(Herbert, 1964, 1966; Temprley and Horner, 1966; Goulian 

and Beck, 1966). However, the latter authors reported 

that some strains of L.casei formed firm clumps when 

cultivated in BBL medium, aid some batches of this medium 

gave low recoveries of folic acid added to test sera. 

Frank, Baker and Hutner (.198) state that they have found 

many samples of dehydrated Media to be unsatisfactory. 

(c) Serum Deproteinization  

Toennies et al. (1956) and Baker et al. (1959) 

prepared dilutions of serum.in phosphate buffer containing 

50 mg.% ascorbic acid, and incubated these for 90 minutes 

at 38°C. prior to autoclaving.. This incubation was found 
4 

to be unnecessary (Herbert,:1961; Waters and Mollin, 1961) 

and subsequent workers discontinued this practice. The 

initial concentration of as4orbic acid in the buffer 

considered necessary to protect the labile'folate material 

during autoclaving has been placed at many levels. 



22 

Waters and Mollin (1961) suggested an optimum concentration 

of 100 mg.%; this was increased to 150 mg.% (Herbert, 1961; 

Davis and Kelly, 1962; Chanarin and Berry, 1964) and to 

200 mg.% (Waters and Mollin, 1963; Temperley and Horner, 

1966), while Spray (1964) maintained that 50 mg.% was 

adequate provided that the medium contained ascorbic acid. 

Most workers have used a 1 in 10 dilution of serum 

for deproteinization but Chanarin and Berry (1964) showed 

markedly increased folate levels in normal subjects when 

this procedure was carried out at dilutions greater than 

1 in 70. Using this modification they claimed a greater 

distinction between normal: subjects and folate deficient 

patients. This finding was not confirmed by Newcombe 

and Waters (1963) or by Spray (1964). 

(d) Assay of Whole Serum "Aseptic Addition" Method  

The estimation of folate in whole serum without 

prior deproteinization was first introduced by Herbert (1961). 

Details of this method and its advantages over previous 

methods were published subsequently (Herbert, 1964, 1966). 

The basic principles of the assay were the same as in 

previously described methods, except that aliquots of 

whole serum were added aseptically to assay tubes con-

taining medium, water and ascorbic-phosphate buffer, 
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after the autoclaving procedure. The problem of heat-

precipitated serum proteins masking the growth of the 

organism was therefore eliminated. Herbert (1964) 

pointed out that it enabled the ascorbic acid concen-

tration in the phosphate btiffer to be increased to 1 gm.% 

which he claimed provided greater protection of the labile 

folate material. Harper (1965) modified this method to 

reduce the volume of serum required, and used an aqueous 

solution of ascorbic acid in place of ascorbic-phosphate 

buffer. 

Essentially-similar values.for folate concen-

trations measured by the "aseptic addition" method and by 

the method of Waters and Moilin (1961), in paired sera, 

have been reported (Harper :1965). However, there is a 

wide divergence in the reported levels of serum folate 

in normal subjects from different laboratories (Hansen, 

1964;, Mollin and Hoffbrand 1965), and this is illustrated 

by the normal ranges quotedl)y various authors in Table 2. 

The reasons for these variations were unexplained, but if 

the L.casei folate assay is i to be used as a diagnostic test 

for folate deficiency, the establishment of a normal range 

in serum is fundamental and an appreciation of factors which 



RANGES OF SERUM FOLATE CONCENTRATIONS.IN NORMAL SUBJECTS REPORTED BY 
DIFFERENT AUTHORS 

Authors Country 

Serum Folate Concentration 
(ng./m1.) 

Range 	Mean 

..-Toennies et ,a4. 	- 	- - -41956) - --U.S..A-.-- 	-- -.2.7 - 10.5- 	- -5;5 	- 

Herbert et al. (1960) U.S.A. 7.5 --24 

Cooperman et al. (1960) U.S.A. 4.0 - 49.5 15.9 
Waters & Mollin (1961) England 5.9 - 21 9.9 

Hansen & Weinfeld (1962) Sweden 3.9 - 9.3 5.4 

Grossowicz et al. (1962) Israel 3.2 -.15 • 8.3 

Davis & Kelly (1962) Australia 2.7 - 18.5 

Hansen & V. Klewesahl-Palm (1963) Sweden 3.2 - 14 6.2 

Spray (1964) England 2.1 - 28 7.8 

Ball & Giles (1964) England 3.4 - 11.6 6.6 
Reizenstein (1965) Sweden 2.5 - 7.4 4.6 
Temperley & Horner (1966) Ireland 2.1 - 9.4 5.1 
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affect the growth of this organism is essential. The 

investigations described in this thesis were undertaken 

to elucidate these factors-. 



PART II  

MICROBIOLOGICAL ASSAY METHODS USED IN THIS INVESTIGATION 
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Introduction  

Factors which could produce a variable growth 

response of L.casei to folate in serum were initially 

studied using a method of assay in which serum was de-

proteinized prior to assay. This method was basically 

that of Waters and Mollin (1961, 1963) with minor modifi-

cations relating to:- 

(i) the propagation of the organism; 

(ii) the use of a dry-mix medium. 

The details of the method used are described 

in this section under Procedure Part A. 

Investigation of the effect of serum per se 

on the organism was carried out using a whole serum assay 

technique. This was based, in principle, on the "aseptic 

addition" method of Herbert (1961). 	Details of the method 

used for this part of the study follow in Procedure Part B. 
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MATERIALS AND.METHODS  

1. The Organism  

Lactobacillus casei NCIB 8010 was used and was 

kept in the form of dried gelatin discs, stored at room 

temperature in a dessicator. Details of the preparation 

of these discs are given in Appendix I. A liquid culture 

for each assay was prepared by incubating a disc at 37°C. 

in a maintenance medium --Difco Lactobacillus Broth AOAC. 

2. Assay Medium 

Double strength medium was made up freshly for 

each assay batch from the dry-mix Difco Folic Acid Casei 

Medium, which is based on the medium described by Baker 

et al. (1959) and Waters and Mollin (1961). 	The compo-

sition of this medium is shown in Appendix II. This medium 

was used throughout this work except where otherwise stated. 

Standard Folic Acid Solution  

A solutiqn containing 1 mg./ml. of folic acid was 

prepared from purified crystalline pteroylglutamic acid 

(98% PteGlu) by the- dissolution of, a weighed amount in 

* Supplied by Dr. A. Mennie, Lederle Laboratories. 
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distilled water with the addition of a few drops of 40% KOH. 

This solution could be kept deep frozen for several years 

without deterioration. A stock solution containing 10 

of PteGlu was prepared by dilution of the above solution. 

This was stored in brown bottle at 4°C. for up to one year 

and was used to prepare a working solution of 1 ng./ml. by 

dilution in distilled water. A fresh 1 ng./ml. solution 

was prepared for the standards of each assay. 

4. 	Serum 

Samples of venous blood were collected using 

disposable syringes into sterile universal containers. 

These were allowed to clot' at room temperature and centri-

fuged for the removal of serum. When the estimation of 

the folate concentration of serum.  was of primary importance, 

dry ascorbic acid was added (5 mg./ml. serum); to preserve 

the labile folate material, before storing the serum frozen 

at —15°C. until required for assay. Alternatively, if the 

serum was to be used to study its direct effect on the 

organism, independant of its folate activity, no ascorbic 

acid was added before storage. 
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PROCEDURE 

A. THE ASSAY OF DEPROTEINIZED SERUM 

1.. Preparation of Serum for Assay 

The serum proteins were removed by heat precipitation 

and the folate level of the supernatant solution was assayed. 

This avoided the precipitation of protein during the steriliz--

ation of the assay batch by autoclaving, which would other-

wise interfere with the measurement of the growth of the 

organism by turbidimetric methods. 

The stored frozen sera were thawed at room temper-

ature and diluted 1 in 10, with 0.1 M phosphate buffer of 

pH 6.1, to which had been added 200 mg.% of dry ascorbic 

acid (Waters and Mollin, 1963). 	Taking 0.5 ml. aliquots 

of serum together with 4.5 ml. ascorbic-phosphate buffer 

(APB) in 25 ml. McCartney bottles, these were autoclaved 

for 2i minutes at 10 p.s.i. 	The coagulated proteins were 

removed by centrifugation and the clear supernatants were 

used for assay. 

Assay Procedure: The deproteinized extracts were 

assayed in duplicate in 6 x 4  inch Pyrex test tubes which 
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contained the following: 

0.5 ml. serum extract 

1.5 ml. glass-distilled water 

2.0 ml. double strength assay medium. 

This gave a final dilution of serum of 1 in 80. 

When a serum folate level was known to be greater 

than 20 ng./ml., the extract of serum. proteins was prepared 

at a dilution of 1 in 25 (0.2 ml. serum 4.8 ml. phosphate 

buffer) thus giving a final serum dilutian of 1 in 200 in 

the assay tubes. One non-inoculated blank was set up for 

each dilution in the batch against which the growth of the 

L.casei was measured in the colorimeter. The serum extracts 

could be stored frozen at -15°C. for at least a week, if 

necessary, before assay. 

2. Folic Acid Standards  

An aliquot of the stock solution of PteGlu containing 

10 ILg./ml. was diluted in distilled water for each assay batch, 

firstly 1 in 100 to give Solution 1 (100 ng./m1.)-and this 

was further, diluted 1 in 100 to give Solution II (1 ng./M1.) - 

Standards were set up in triplicate containing 0, 0.1, 0.2, 

0:4, 0.8, 1.0 and 1.6 ml. of -Solution II respectively. .The 

volume in each tube was made up to 2 ml. with distilled water 

'and -2 ml. double strength assay medium were added. The final 
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PteGlu concentrations of the standards were 0, 0.025, 0.05, 

0.1, 0.2, 0.25 and 0.4 ng./ml. 	A non-inoculated blank for 

the standards was prepared containing 2 ml. distilled water 

and 2 ml. medium. 

After the addition of medium to all the tubes in 

the batch, they were covered with aluminium caps, sterilized 

by autoclaving for 10 minutes at 10 p.s.i. and cooled ready 

for inoculation with L.casei. 

3. Preparation of Inoculum and Inoculation  

Sterile precautions were taken throughout this 

preparation. For each assay batch the culture of L.casei  

was prepared as follows: 

(i) A gelatin disc containing L.casei was 

incubated at 37°C. in 10 ml. of maintenance 

medium (Difco Bacto Lactobacillus Broth AOAC) 

for 16-18 hours. 

(ii) 0.5 ml. of the 16-18 hour culture was added 

to a further 10 ml. of maintenance medium 

and incubated at 37°C. for 6-8 hours to 

obtain an actively growing culture. 

(iii) 0.5 ml. of the 6-8 hour culture was added 

to 10 ml. single strength assay medium which 

had been autoclaved with the assay batch. 
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This was used for the inoculum; one drop was delivered into 

each assay tube (except blanks) with a sterile 50 drop per ml. 

Pasteur pipette. 

The assay batch was then incubated at 37°C. for 18 

hours. 	It was considered unnecessary to wash the inoculum 

prior to use, since very little grOwth was obtained in the 

assay tubes containing only medium and water, indicating 

that there was negligible carry over of folate from the 

maintenance medium. 

4. Estimation of Results  

The growth of L.casei at the end of this period 

was measured by its turbidity. All tubes were vigorously 

shaken to give a homogenous suspension of the organism, 

the optical density of which was recorded using a Unlearn 

8131300-colorimeter with a 1 cm. cell and a green.  Ilford 

625 filter ( 	=. 510-590 mil). 	The standards and serum 

samples were read against the appropriate blanks. 

A standard curve vas constructed on linear graph 

paper plotting the optical densities (0.D. x 1000) of the 

PteGlu standards against the PteGlu concentration (ng./m1.) 

From this curve, the folate activity of each serum sample 

was calculated. 



B. THE ASSAY OF WHOLE SERUM 

This procedure was used to determine the effect 

of serum itself on the growth of L.casei. The effect was 

assessed by comparing the growth response of L.casei to 

Increasing concentrations of PteGlu in aqueous solution, 

with the growth response produced when 0.2 ml. of the test 

serum was added to each PteGlu concentration. Allowance 

was made for the folate content of the test serum. 

1. Buffer Solution  

A solution of 0.1 M phosphate buffer, pH 6.1, 

was prepared to which was added ascorbic acid (1 gm.%) as 

described'by Herbert (1964). 	This was distributed in 1 ml. 

quantities to the serum assay tubes and the standards. 

Pyrex glass 6 x 4- inch test tubes were used for this assay. 

2w. .Folic Acid Standards  

The stock solution of PteGlu (10 Ilg./M1.1 was 

•diluted in distilled water to give:the working Solution II  

(ing./m1.) as descpibed in Part II A. 	"Aqueous" standards 

were set up with triplicate tubes containing 0, 0.1, 0.3, 

1.0, 2.0, 3.0. and 4.0 ml. of Solution II. 	The volume in 

each tube, which included 1 ml. of buffer, was made up to 

5 ml. with distilled water. A non inoculated blank 

34 
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containing 1 ml. ascorbic-phosphate buffer and 4 ml. distilled 

water was included in each assay. After the addition of 5 ml. 

double strength assay medium (Difco) to each tube, the final 

PteGlu concentration in the tubes was 0, 0.01, 0.03, 0.1, 

0.2, 0.3 and 0.4 ng./ml. (Table 3). 	For each serum studied, 

similar standards were set up in duplicate as above, but 0.2 ml. 

of distilled water was omitted in order to maintain a final 

volume of 10 ml. after the addition of 0.2 ml. of serum. 

Serum was added after sterilization of the tubes. 

In the experiments to show the effect'of a deprotein- 

ized extract of serum on the growth of L.casei, the'volume of 

distilled water added was adjusted to allow the addition of 

1 ml. of serum-extract. 

All tubes were closed with aluminium caps, autoclaved' 

at 10 p.s.i, for 10 minutes and cooled prior to the addition 

of serum and inoculation with L.casei. 

3. Serum Samples  

Initially, sera with low folate levels were selected 

for investigation by this procedure in order to minimise as 

far as possible the growth effect of the naturally-occurring 

folate in the serum, so that the effect of serum per se could 

be studied over the whole range of the standard curve. 

Subsequently, other. sera. were used after allowing their folate 



Table 3 

CONTENTS OF THE FOLIC ACID STANDARD TUBES 

PteGlu concentration in 
assay tube (ng./m1.) 0 0.01 0.03 0.1 0.2 .0.3 0.4 

PteGlu standard 
Solution II - 1 ng./ml. 0 0.1 0.3 1.0 2.0 3.0 4.0 

Distilled water 
. 	(m1.) 4.0 3.9 3.7 3.0 2.0 1.0 0 

Ascorbic-phosphate. buffer 
(m1.) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Medium 	(ml.) 5.0 5.0 5.0 5.0 5.0 5.0 • 5.0 

Total volume per tube 
(m1.) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
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levels to fall to less than 4 ng./ml. by storage at:room 

temperature for up to three weeks without added ascorbic 

acid (Table 6). Alternatively, the folate content of the 

serum could be lowered by dialysis of the serum (see page107). 

The sera to be tested were brought to room temper-

ature where necessary, and for each one, 0.2 ml. aliquots 

were added to each of the PteGlu standards. The final 

dilution of serum in the assay tubes was thus 1 in 50, 

which is commonly used in assaying serum folate levels by 

the "aseptic addition" method of Herbert (1964). 

In some cases a deproteinized extract of serum was 

used, prepared as described:in Part II A, but the serum was 

diluted 1 in 5 (2 ml. serumit 8 ml. ascorbic-phosphate buffer), 

so that when 1 ml. of the extract solution was added to the 

Pte Glu standards the final dilution of serum in the tubes 

was also 1 in 50. 

Non-inoculated blanks containing buffer, distilled 

water, medium and 0.2 ml. serum were set up for each serum 

assayed to allow for the turbidity of serum when measuring 

the growth of the organism in the colorimeter. 

4. 	Preparation of Inoculuih and Inoculation  

This was carried out exactly as described in Part II A. 

and the assay incubated at 37°C. for 18 hours. 
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5. Measurement of Growth of L.casei  

At the end of the incubation period the growth 

was measured turbidimetriciy using a Unicam colorimeter 

with an Ilford 625 filter and a l_cm. cell. Each tube 

was vigorously shaken to disperse any clumps of organisms 

before measuring its opticdl density. in the colorimeter. 

The colorimeter was set tozero with the blank of the 

"aqueous" standards. The optical density of the growth 

at each concentration of PteGlu was measured in rotation, 

following the measurement in the "aqueous" standard with 

the serum-containing standards at the corresponding concen-

tration of PteGlu. By reading the tubes in this order the 

growth in the serum-containing standards was strictly com—

parable with that in the "aqueous" standards at each level, 

and the possibility of a draft due to a time lapse was.  

eliminated. Finallyi the optical densities of the serum-

blanks were measured and the value for each deducted from 

all readings of growth in tubes containing that serum to 

allow for the turbidity of the serum itself. 

6. 	Estimation of Results . 

The "aqueous" standard PteGlu curve was constructed 

on linear graph paper by plOtting optical density readings 

(0.D. x 1000) against corresponding PteGlu concentration in 
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ng./ml. Likewise, a curve was drawn for each set of standards 

containing serum, or serum7extract, plotting optical density 

against PteGlu concentration plus the folate concentration 

of the added serum or serum-extract, which was calculated 

from the "aqueous" standard curve. The relative position 

of each serum curve to the 7"aqueous" curve was indicative 

of the effect of that serum on growth of the organism. 

The effect of serum on the growth of the organism 

was measured. by the recovery of PteGlu in the "serum-containing" 

standards expressed as a pe'rcentage of the corresponding 

PteGlu level in the "aqueous"- standards. 	It was calculated 

for each serum at a selected level on the curve of 0.2 ng. 

PteGlu/ml., this being a lefrel at which the recovery could 

be calculated for all the siera tested (see page 94). 	Thus, 

taking the optical density readings of growth in the tubes 

containing 

(a) serum t p.2 ng. PteGlu/ml. and 

(b) serum w.4h no PteGlu added 

the PteGlu concentrations which would give growth of these 

optical densities were read off the "aqueous" curve and the 

difference between them expressed as a percentage of the added 

0.2 ng. PteGlu/ml. (Fig. 1): 	Those sera which stimulated 

the growth of L.casei  gave 'a recovery of PteGlu greater than 
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Figure 1  

Typical growth of L.casei in standard concentrations of 

pteroylglutamic acid, with and without the addition of 

0.2 ml. of serum. 

Serum I stimulated growth.  

Serum II inhibited growth 

Recovery of PteGlu at the 0.2 ng./ml. level was calculated 

thus 

Recovery - PteGlu concentration of (a - 
	

x 100 
0.2 
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100%, while those which inhibited the growth of the organism 

showed less than 100% recovery. Both the stimulatory and 

inhibitory effects of sera increased at higher PteGlu concen-

trations with increasing growth of the organism (Fig. 1). 

r. 



PART III  

INVESTIGATION OF FACTORS AFFECTING THE L.CASEI ASSAY 

OF SERUM FOLATE 
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The effect of various factors on the reproducibility 

of the assay of folate in serum was studied using both the 

assay methods described in Part II, and the findings are 

given in this Section. 

1. FACTORS AFFECTING THE FOLATE ACTIVITY OF SERUM 

(a) Collection of Samples in Relation to Meals  

Many workers have,reported that blood samples for 

folate estimation should betaken from fasting subjects 

(Baker et al., 1959; Rama-Rao et al., 1963; Luhby and 

Cooperman, 1964; Reizenstein, 1965). 	Herbert (1964) 

has shown considerable elevation of serum folate levels 

after ingestion of liver, but was unable to demonstrate 

this striking increase aftei• an ordinary meal not contain-

ing liver. 

Six normal subjects were selected and blood samples 

were taken (i) after fasting overnight and (ii) one hour 

after food (lunch). The serum folate levelS were assayed 

and results are given in Table 4. No increase in folate 

level was shown, the mean values being (i) 11.9 ng./ml. and 

(ii) 11.7 ng./ml. :This indicated that whether subjects 

were fasting or not was not an important factor contributing 



Table 4 

SERUM FOLATE CONCENTRATIONS IN FASTING 
AND NON-FASTING SUBJECTS 

Serum No. Serum Folate (ng./ml.) 

Fasting After Food 

1.  26.0 26.0 

2.  12.9 13.6 

3.  ' • 10.8 10.2 

4.  8.6 6.3 

5.  6.2 6.8 

6.  7.0 7.2 

Mean 11.9 11.7 
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to the widely variable ranges of serum folate concentration 

that have been reported in normal subjects (Mollin and 

Hoffbrand, 1965). 

(b) Separation of Serum 

In practice, serum is usually separated from 

clotted blood between 2 and 6 hours after the blood is 

drawn, and occasionally the specimen may be left overnight 

before separation of the serum. 	In order to determine 

whether any significant loss of folate activity occurs 

during this period, blood was collected from five subjects 

with normal folate levels and divided into aliquots for 

separation at zero, 2, 6 and 24 hours. 	The zero-hour 

samples were collected into heparin for the immediate 

separation of plasma, ascorbic acid (5 mg./ml. serum) was 

added and the samples were:immediately frozen at -15°C. 

The samples to be separated after 2 hours were taken into 

(i) heparin and (ii) plain :tubes in order to verify that 

heparin itself did not affect the assay result. The 2, 

6 and 24 hour samples were left to clot at room temperature 

until the serum was removed! at the appropriate time and 

then frozen at -15
o
C., with added ascorbic acid. 

All the specimens were assayed in triplicate 
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in the same batch next day 
iand the results are given in 

Table 5. There was no significant difference between the 

mean values of the five specimens-at each time interval — 

the difference between the mean values for zero and 24 hours 

being only 3%. 

A further experi4nt demonstrated that there was 

no initial fall in activity in the zero hour samples while 

stored at -15°C. for 24 hours awaiting assay with the other 

samples. 	Identical resultp were obtained for specimens 

which were collected in heparin separated and deproteinized 

immediately, and assayed thc same day together with duplicate 

samples which had clotted at room temperature for 2 hours. 

It thus appeared that blood;samples for folate estimation 

could remain unseparated at room temperature for up to 

24 hours without any significant loss of activity. 

(c) Storage of Serum before Assay 

The material in serum measured by L.casei is 

methyl-folate (Herbert et,a1.1  1962), which is very labile 

and readily susceptible to oxidative destruction. However, 

it has been shown by work done in this department (Waters 

and Mollin, 1961; Waters, 1963) that serum folate activity 

can be maintained over a three month period by the addition 
: 



Table 5 

EFFECT OF DELAYED SEPARATION AND FREEZING OF SERUM 
ON ITS FOLATE ACTIVITY 

Serum No. 

Serum Folate (ng./ml.) 

Interval before Separation and Freezing of Serum 
* 	* 

Zero 	2 hours 	2 hours 	6 hours 	24 hours 

1.  7.7 8.8 8.8 8.8 7.7 

2.  17.6 18.2 18.2 18.6 17.6 

3.  10.6 10.8 10.8 10.2 9.6 

4.  9.2 8.8 8.2 8.6 8..2 

5.  8.6 8.2 8.4 8.8 9.0 

Mean 10.7 10.9 10.9 11.0 10.4 

* These samples were collected in heparin 
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of dry ascorbic acid (5 mg./ml.) to serum samples when-fresh, 

prior to storage at -15°C. and that without ascorbic acid 

folate activity declined. This finding was confirmed by 

Chanarin and Berry (1964) and Spray (1964), but other workers. 

have claimed that the addition of ascorbic acid is unnecessary 

provided that the serum is kept deep-frozen (Davis and Kelly, 

1962; Herbert, 1962 and 1966). 

In the present study the stability of folate was 

studied in serum stored at roam-temperature and also in 

freeze-dried serum. 

(i) Storage of Serum at Room Temperature With and 

Without Ascorbic Acid  

In practice, serum is often sent from one hospital 

to another for assay, which means that it' remains at ambient 

temperatures for up to three days while in transit. Therefore 

it was decided to investigate the stability of serum folate 

under these conditions. 

Serum was collected from five normal subjects and 

divided into three parts. :Two parts of each were stored at 

room temperature (20°-23°C.) protected from light, (i) with 

ascorbic acid (5 mg./ml. serum) and (ii) without ascorbic acid. 

The third part of each was divided into aliquots sufficient 

for one assay, ascorbic acid added, and stored at -15°C. 
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These aliquots provided a control for the initial folate 

level of the specimens, one aliquot of each being assayed 

with each batch to allow for inter-assay variation. 

The samples were assayed on the day of collection 

and subsequently after storage for 3, 7, 14 and 21 days. 

The results given in Table 	showed that provided ascorbic 

acid was added, there was no appreciable loss of folate 

activity in serum stored at 20°-23°C. for 7 or even 14 days, 

and after 21 days only 8% of the activity had been lost 

(Fig. 2). 

In contrast, sera stored at room temperature 

(20°-23°C.) without ascorbic acid showed a rapid decline 

in folate activity. After 3 days storage under these 

conditions, the loss of activity was small, the mean value 

being 9.5% below the initial value.. The loss after 7 days 

was 42%, after 14 days 67%,iand after 21 days 82% (Fig. 2). 

This demonstrated the importance of the addition of ascorbic 

acid to serum samples which,  are sent from one laboratory to 

another for assay, if they are likely to be more than 3 days 

In transit. 

(ii) Freeze-dried Serum  

The stability of folate activity in the freeze-

dried state was of particular importance in relation to 



Table 6  

EFFECT ON FOLATE ACTIVITY OF STORAGE OF SERUM AT 20°C TO 23°C WITH AND WITHOUT ASCORBIC ACID 

Duration 
of 

Storage 

Serum 
Serum Folate (ng./ml.) Percentage Loss of  Folate Activity 

No. Initial 
level 

Stored with 
Ascorbic Acid 

Stored without 
Ascorbic Acid 

With 
Ascorbic Acid 

Without 
Ascorbic Acid 

Nil 
• 

1.  
2.  
3.  
.4.-- 
5. 

5.5 
4.8 
24.4 
-9.7 . 
9.6 

Mean 

10.8 
. 

Mean 

_. 	. _ 	. 	- 

'Mean 

. 	. _ _ . 	. ... 	_ 	. 	. 

. 
3 days 

1.  
2.  
3.  
4.  
5.  

6.2 
4.8 1 
23.2 
9.9 
8.8 , 

10.6 

6.2 
4.6 
23.2 
9.4 
9.2 

10.5 

5.9 
4.6 
20.0 

8.6 

9.6 < 
8.8  1 9.5 

7 days 

1.  
2.  
3.  
4.  
5.  

6.2 
4.6 
23.2 
9.4 
8.8 

10.4 

6.1 ' 
4.8 
22.8 j 
9.1 
9.0 

10.4 

3.9 
2.6 
13.8 
4.6 
5.3 

6.0 < 1 

- 	
• 
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14 days 

1.  
2.  
3.  
4.  
5.  

6.4 
5.4 
24.0 
9.6 
9.2 / 

10.9 

6.4 
5.4 
20.4 
9.2 
9.2 

10.1 

2.2 
2.0 
7.2 
3.4 
3.4 

3.6 < 1 67 

21 days 

1.  
2.  
3.  
4.  
5.  

5.5 
4.9 
23.8 
9.4 
9.2 / 

1 10.6 

5.5 
4.9 
20.0 
9.0 
9.2 

9.7 

1.3 
1.0 
4.0 
1.6 
1.8 

1.9 8 82 
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Figure 2 

Effect of storage of serum at room temperature (20°  to 23°C.) 

on its folate activity, with and without added ascorbic acid. 
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reference sera sent to different laboratories in this country 

and abroad, where time in transit often exceeded three days. 

Since these sera were used to standardize both vitamin B
12 

and folate assays, ascorbic acid was not added because of 

its destructive effect on natural forms of B
12  in serum 

(Anderson, 1965). 

Ampoules of the serum selected for study (which 

had an initial folate level of 11.8 ng./ml. and was not 

altered by the freeze-drying process) were stored at three 

temperatures; (i) room temperature (20°-23°C.);; (ii) 4°C.; 

and (iii) -15°C., and reconstituted when required for assay. 

The ampoules at room temperature were assayed at intervals 

from 24 hours up to one month those at 4°C. up to 2 years 

and those at -15°C. up to 6, months. The results shown in 

Table 7 indicated that there was no deterioration in folate 

activity of freeze-dried serum stored under any of these 

conditions, even in the absence of ascorbic acid. Freeze-

drying_therefore appeared to be an effective method for 

maintaining the folate activity of serum and was particularly 

suitable for sera which, were to be distributed to other 

centres as reference standards. 	This point was illustrated 

by the results obtained on four freeze-dried sera which were 

initially assayed in the tropics, and subsequently assayed 



Table 7 

EFFECT OF STORAGE ON THE FOLATE ACTIVITY OF 
SERUM FREEZE-DRIED WITHOUT ASCORBIC ACID 

Duration of 
Storage 

Serum Folate (ng./m1.) 

Temperature of Storage 

20-23°C 	. 4°C 	-15°C 

Nil  11.8 11.8 11.8 

24 hours  11.3 - - 

1 week 11.2 - - 

2 weeks 11.5 - - 

1 month  11.5 - 11.8 

6 months - 11.6 12.2 

1 year - 11.2 - 

2 years - 13.0 - 
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in London approximately one month later: 

:Mean Serum Folate Concentration  

Ong./ml.) 
Serum No. 

Mexico London 

1.  15.1 16.9 

2.  15.4 14.8 

3.  4.6 4.7 

4.  7.1 8.2 
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2. FACTORS ATTRIBUTABLE TO THE ASSAY TECHNIQUE  

(a) The Addition of Ascorbic Acid to the Folic Acid Standards 

Using the method of assay described in Part II A, 

protein-free extracts of sera were prepared in phosphate 

buffer containing 200 mg.% of ascorbic acid, and the assay 

tubes of each test contained 0.5 ml. of this extract. 	The 

effect of the ascorbic-phosphate buffer (APB) per se on the 

growth of the organism was studied by adding 0.5 ml. of APB 

throughout the standards in place of the same volume of water 

(hereafter called the "APB" standard curve) and comparing 

the growth obtained with that in the usual aqueous standards. 

The result varied according to the type of medium used for 

the assay. 

(i) Using Difco dry-mix 'Medium 

The addition of ascorbic-phosphate buffer to the 

standards markedly increased the rate of growth of L.casei, 

producing a higher standard curve and thus lower values for 

the serum folate levels (Table 8). 	The difference between 

the "aqueous" and the "APB" standard curves was variable. 

It was related to the length of the incubation period and 

investigations into this will be desCribed subsequently. 

It also varied with different cultures of L.casei, some 



Table 8 

THE EFFECT ON SERUM FOLATE VALUES OF THE ADDITION 
OF ASCORBIC-PHOSPHATE BUFFER TO THE STANDARDS 

USING DIFFERENT.ASSAY MEDIA*  • 

Serum 
No. 

1 
Serum Folate (ng./ml.) 

1 

DIFCO MEDIUM 

Estimated from 

Aqueoug 	APB 
curve 	curve 

ENZYME HYDROLYSED 
CASEIN MEDIUM 

Estimated from 

Aqueous 	APB 
curve 	curve 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

11.  

	

2.8 	1.8 

	

10.5 	5.6 

	

19.4 	9.8 

	

13.8 	7.3 

	

10.5 	5.6 

	

6.0 	3.4 

	

2.4 	2.0 

	

8.6 	6.2 

	

11.0 	7.8 

	

10.0 	7.0 

	

10.4 	' 	7.4 

	

2.7 	2.2 

	

11.6 	9.7 

	

17.6 	15.4 

	

16.0 	13.6 

	

12.8. 	10.8 

	

6.6 	5.5 

	

2.2 	2.0 

	

10.2 	9.8 

	

13.8 	13.2 

	

10.2 	9.8 

	

12.0 	11.6 

Mean 9.6 	5.8 10.5 	9.4 

* Incubation period was 18 hours 
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strains being considerable i stimulated by ascorbic acid 

while others were marginally affected (Figs. 3A and B). 

(ii) Using Medium prepared from Enzyme Hydrolysed  

Casein  

This medium was prepared as described by Waters 

and Mollin (1961); its composition is shown in Appendix III. 

When this medium was used the growth response of L.casei  

to standard concentrations of PteGlu was'not stimulated by 

the addition of ascorbic-phosphate buffer, which confirmed 

the findings of Waters and'Mollin (1961). 	The two standard 

curves, and hence the serum folate results, were closely . 

similar and the values read off either curve corresponded 

to levels obtained using Difco medium with an "aqueous" 

standard curve (Table 8). 

(b) Effect of Ascorbic Acid Concentration of Phosphate Buffer 

The L.casei active material in serum is labile and 

readily destroyed by heat.; For this reason, previous workers 

have recommended the addition of various amounts of ascorbic 

acid to the phosphate buffqr to protect the folate during 

autoclaving. Waters and'Mollin (1961) recommended an 

_ascorbic acid concentration of 100 mg.% which was later 

increased to 200 mg.% to provide a wider range of safety 
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Figures 3A and 3B 

Effect on growth of L.casei-of the addition of ascorbic- 

phosphate buffer to the PteGlu standards using Difco Medium. 

These two pairs of standard: curves were selected to show 

this effect after 18 hours incubation when it was (A) maximal 

and (B) minimal. 
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during autoclaving (Waters and Mollin, 1963). 	Herbert (1961) 

suggested a concentration of 150 mg.%. 	Investigations were 

carried out into the possibility of providing greater protect- . 

ion for the labile folate in serum by increasing the concen-

tration of ascorbic acid in the buffer used. Extracts of 

the same sera were prepared in phosphate buffers containing 

ascorbic acid concentrations of 

(i) 200 m 

(ii) 500 mg.% 

(iii) 1 gm.% 

The initial pH of buffer solutions (i) and (ii) before the 

addition of ascorbic acid was 6.1 (prepared as described 

previously) but buffer solution (iii) had an initial pH 7.2 

so that after the addition of 1 gm.% ascorbic acid the pH 

was not too low to allow precipitation of the serum proteins 

on autoclaving. 

For each ascorbic4phosphate buffer used, PteGlu 

standards were set up containing 0.5 ml. of that buffer. 

The folate values of the sera were calculated from the 

respective standard curves according to the concentration 

of ascorbic acid used in the extraction buffer. 

Within the range tested, it was found that the 

concentration of ascorbic acid which produced the highest 
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growth of L.casei in the standards varied with different 

cultures of the organism. ! This was presumably because 

each culture had different ascorbic acid requirements for 

optimal growth. However, tthe folate values of the sera 

assayed were not affected by the concentration of Ascorbic 

acid in the buffer used, presumably because the growth in 

the serum was affected to the same degree by the ascorbic 

acid concentration as growth in the standards. There was 

no significant difference in the serum folate values when 

each was read against the appropriate standard curve (Table 9). 
Therefore increasing the as'porbic acid content of the buffer 

afforded no greater protection of the labile folate material 

in serum. 

(c). Variation of the Period of Incubation  

(i) Using Difco dry-mix medium 

Experiments were carried out to show whether exten-

sion of the 18 hour incubation period for the assay affected 

the serum folate results, and to what extent the stimulatory 

effect of ascorbic acid on the rate of growth of the organism 

Was dependent upon the time"of incubation. 

Four complete batches of serum-extracts, "aqueous". 

and ascorbic-phosphate buffer -.containing standards were 



Table 9  

EFFECT ON SERUM FOLATE VALUES OF ASCORBIC 
ACID CONCENTRATION OF PHOSPHATE BUFFER 

Serum 
No. 

Ascorbic Acid Concentration 
of Phosphate Buffer 

200 mg.% 500 mg.% 1 gm.% 

1.  t7.8 9.0 9.2 
2.  10.6 10.4 10.6 

3.  6.4 	' 6.8 6.6 

• 4. .: 3.4 2.8 3.6 
5. • :8.0 8.6 10.6 
6.  6.8 6.2 8.0 

7.  : 3.5 3.5 3.4 
8.  5.2 5.1 5.0 

9.  2.8 2.7 2.6 

10.  , 	.5.8 6.4 6.6 

11.  :5.2 5.2 5.2 

12.  !6.8 6.6 6.6, 

13.  x 6.6 - 6.4 

14.  4.4 - 4.2 

15.  4.0 - 4.4 

16.  . 	8.0 - 7.4 

Mean  6.0 6.1 6.3 

---------.-•,-------L---• 
P , 	> 0.5 	> 0.1 
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set up in duplicate and incubated at 37°C. After intervals of 

18, 20, 24 and 40 hours incubation respectively, batches were 

read, the standard curves plotted and the serum values calcu-

lated for each incubation period from both the "aqueous" and 

• "APB" standard curves (Table 10). 

It was found that at 18 hours incubation the gisowth in 

the ascorbic-phosphate buffer containing standards was consider-

ably elevated above that in the "aqueous" standards, but that as 

the incubation period was increased, so the difference between the 

two curves decreased. At 24 and 40 hours, the growth curves were 

similar whether ascorbic-phOsphate buffer was present or not 

(Fig. 4). As previously stated, the growth of some cultures of 

L.casei does not appear to be stimulated directly by ascorbic acid 

when read at 18 hours incubation. 	It is possible that these are 

faster growing cultures. 

When using an organism which was stimulated by ascorbic 

acid, the serum folate values read off the "aqueous" standard curve 

were falsely high when read;early, but decreased with increased 

time of incubation; while those read from the "APB" standard curve. 

did not change significantly with time. 	In fact, after 24 hours 

incubation the values read from the "aqueous" standard curve were 

comparable with those read from the "APB" standard curve at any time. 

(ii) Using medium prepared from enzyme hydrolysed casein  

If this medium was used in place of Difco medium, 



 

Table 10  

  

EFFECT OF VARIATION OF INCUBATION PERIOD ON SERUM FOLATE VALUES ESTIMATED 
FROM AQUEOUS AND ASCORBIC PHOSPHATE BUFFER-CONTAINING STANDARDS USING 

DIFCO ASSAY MEDIUM 

Serum Folate (ng./ml.) 

Estimated from 
Aqueous standard curve 	APB standard curve 

_ 
Hours ,of 	- 
incubation 

. 	- 	- g0 	- 	24  

Serum No. 
1.  2.4 2.4 1.8 1.8 1.8 1.6 1.8 1.8 

2.  9.0 8.0 7.6 6.6 5.5 5.4 7.2 6.6 
3.  17.0 12.4 10.4 9.8 9.2 8.6 9.8 10.2 

4.  12.2 10.2 9.2 7.6 7.0 7.0 8.8 7.6 

5.  16.0 12.4 10.4 9.8 8.7 8.6 9.8 10.2 

6.  9.6 7.6 6.3 6.2 5.8 5.2 6.0 6.2 

7.  4.2 3.8 3.0 3.1 3.0 2.4 2.8 3.1 
8.  12.2 9.0 7.8 8.0 7.0 6.2 7.4 8.0 
9.  8.6 7.0 5.8 5.8 5.2 4.8 5.6 5.8 

Mean 10.1 8.1 6.9 6.5 5.9 5.5 6.6 6.6 
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Figure 4  

Effect of variation of incubation period on growth of 

L.casei in aqueous and ascorbic-phosphate buffer-containing 

PteGlu standards, using Difco assay medium. 

Aqueous PteGlu standards 

❑ PteGlu standards containing APB 
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none of the cultures of L.casei tested showed any stimulation 

of growth by the addition of ascorbic-phosphate buffer to the 

standards, whether read after 18, 20, 24 or 40 hours incubation. 

The folate values for the sera assayed were unaffected by 

variation of the incubation: period. 

(d) Effect of Light  

The importance of light as a factor affecting the 

assay of serum folate was first demonstrated by the poor 

growth of L.casei obtained when the assay was set up on days 

when there was bright' sunlight. A study was undertaken to.. 

determine the effect of daylight on the assay medium, and to 

show whether this caused any variation in the resulting serum 

folate values. The effectof light on the standard PteGlu 

solution and the serum extracts was also investigated. 

(i) Effect of Light on the Assay Medium  

Three aliquots of' Difco medium were prepared under 

different light conditions:. 

1. Medium 	not exposed to light, i.e. boiled 

and protected from daylight throughout use. 

2. Medium II - boiled in bright daylight (but 

not direct sunlight) and kept in the same 

for two hours. 



3. Medium III --boiled in direct sunlight 

and kept in bright daylight for two hours. 

Using these media, PteGlu standards were set up and the growth 

of L.casei in each is shown; in Fig. 5. Medium I, which had 

not been exposed to daylight, supported the most growth.' 

There was no growth in MediUm III (exposed to direct sunlight) 

and Medium II (exposed to bright. aylight) supported some growth 

but considerably less than Medium I. 

Since riboflavin is known to be destroyed by light 

and is an important constituent of the medium (Appendix II)., 

it was considered likely that it had been destroyed in the 

defective media. The appr4priate amount of riboflavin was 

added to an aliquot of Medium III and using this medium, 

growth in the PteGlu standarAs was only slightly less than 

when using Medium I (Fig. 5)!. This marginal difference was 

eliminated when B6  (pyridoxine), another light sensitive 

vitamin usually present in the medium, was added as well as 

riboflavin to Medium III. ;However, the addition of B
6 
 alone 

without riboflavin to Medium III did not correct the defect in 

its growth properties. Addition of riboflavin alone to 

Medium II entirely restored its growth properties for L.casei, 

suggesting that sufficient B6'remained in the medium prepared 

under these conditions. Riboflavin thus appeared to be 



0.4 0.1 	0.2 	0.3 
PTEROYLGLUTAMIC ACID — ng/ml 

MEDIUM III 
i' 	+ RIBOFLAVIN 400 

MEDIUM II 

• 

A 

100 

MEDIUM III 
,----0 

0 
0 

O
PT

IC
A
L
 D
EN

SI
T Y

  X
 10

0 0
 

300 

200 

500 	 MEDIUM I 



67 

Figure 5  

Effect of light on the L.casei assay medium 

Medium T - protected from daylight throughout preparation 
and use 

Medium II 	boiled in bright daylight (not direct sunlight) 
and kept in the same for 2 hours 

Medium III - boiled in direct sunlight and kept in bright 
• daylight for 2 hours 
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completely destroyed by shdrt exposure to sunlight, whereas 

B6  was only partially destroyed. 

Therefore, it seemed necessary to protect the medium 

from bright daylight during its preparation and throughout 

the assay procedure in order to obtain optimal growth of 

L. casei. 

(ii) Effect on Serum Folate Assay Values of Exposure  

of Medium to Bright Daylight  

In view of the effect of light on the growth properties 

of the assay medium, a comparison was made of the serum folate 

values obtained using medium prepared under ordinary laboratory 

lighting conditions (i.e. bright daylight, but not direct sun--

light) with those using medium protected from exposure to light. 

Sera were assayed simultaneously using Medium I (protected from 

light) and Medium II (exposed to bright daylight)... 	Fig. 6 

shows the results using each medium plotted against each other. 

It appeared that for serum folate concentrations up to 8 ng./ml., 

the value was not affected by exposure of the medium to light, 

but above this level the values were considerably higher using 

the medium prepared in bright daylight. 

(iii) Effect of Light on Standard Folic Acid Solutions  

and Serum Folate Extracts  

The standard solution of 1 ng./ml. of PteGlu and 

extracts of sera in ascorbio-phosphate buffer were exposed 
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Figure 6  

The relationship between the values of serum folate concen-

trations of 44 subjects obtained using Medium I and Medium II. 

Medium I 	protected from daylight 

Medium II - exposed to bright daylight (not direct sunlight). 
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to bright daylight for periods of up to three hours duration. 

This treatment did not affect their folate content and they 

promoted the same level of growth of. L.casei as identical 

solutions which had been entirely protected from daylight. 

However, exposure to direct sunlight caused reduced growth 

of L.casei both in the standards and serum extracts, 

presumably due to the destruction of folate. It was there-

fore considered a useful precaution to expose these to as 

little light as possible. 

(e) Effect of Serum  

The investigations carried out so far into factors 

affecting the response of Lcasei to folate in serum have 

utilized a method involving, the extraction of serum proteins 

prior to assay. An alternative method entails the assay of 

whole serum (Herbert, 19611'1964); and it was considered possible 

that serum itself could have an effect on the growth of the 

organism and thus cause variation in assay results. This 

type of variation had been noted in the assay of serum B12 

using Euglena gracilis (Nollin and. Ross, 1957), and had been 

shown to be due to material.in serum (probably protein) which 

inhibited the growth of the organism (Anderson, 1964). Studies 

were therefore undertaken to show whether serum had any effect 
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on the growth of L.casei apart from its folate activity, also 

to determine whether serum 'should be added to the standards when 

using the whole serum assay method to make the standards strictly 

comparable with the tests. 

To minimize the effect of naturally occurring folate, 

sera of known low folate content were selected for these investi-

gations. PteGlu standards were set up as described in Part II B; 

the contents are shown in Table 3. This standard curve, here-

after called the "aqueous standard", was used as a reference from 

which to calculate the effect of the addition of 0.2 ml. of serum 

to similar standards. 

Whole serum from tthe majority of normal healthy people 

and hospital controls had either no effect or else directly 

stimulated the growth response of L.casei to PteGlu solutions, 

producing growth curves similar to the "aqueous" standard or 

slightly elevated above it respectively (Fig. 7). 	However, one 

of the initial low folate sera tested was from a patient with adult 

coeliac disease and this showed a marked inhibitory effect on the 

growth of L.casei (Fig. 7). 	It also caused a striking change in 

the pattern of growth and at the end of the incubation period, the 

organisms had settled to the bottom of the test tube leaving a clear 

supernatant, instead of being dispersed as a fine suspension through-

out the fluid in the tube.. Microscopic examination of the 
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Figure 7 

Effect of the addition of 0.2 ml. of serum from a normal 

subject and from a patient with adult coeliac disease on 

the growth of L.casei in standard concentrations of PteGlu. 
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deposit showed that the organisms were agglutinated. 	It 

required exceedingly vigorous shaking. to disperse the agglut-

inated organisms in order to measure the optical density of 

the growth. The degree of inhibition or stimulation of 

growth increased with the volume of serum added - a point 

which is discussed in the next section. 

As a result of this interesting finding, a survey 

was made of the effect on the growth of L.casei of sera from 

other cases of adult coeliac disease, from normal individuals 

and from patients with a wide variety of disorders. For 

comparison, investigations:into the effect of deproteinized 

serum extracts on the growth of L.casei were also made. 

The results of these invesiigations are given in Part IV 

(Table 19), which describes the detailed studies made of 

the nature of this "inhibitory" factor found in certain 

sera. The distribution of this factor in various.conditions 

is shown in Part V. 

In view of this variable and except in the case of 

sera containing the "inhibitory" factor, slight effect of 

sera on the growth of L.casei, it was not considered feasible 

to add low-folate serum to the standards as in the Euglena  

gracilis  assay. 	It was allso apparent from these investi- 

gations that the effect of Whole serum per se. on the organism 
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could cause discrepencies in some serum folate values depend-

ing upon whether a serum-eXtract or a whole serum assay method 

was used. Therefore it was decided to make a comparison of 

the folate activity of a number of sera assessed in parallel 

by both the extraction and the whole serum assay techniques. 
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3. COMPARISON OF ASSAY VALUES OF FOLATE IN DEPROTEINIZED  

AND WHOLE SERUM  

This comparison was made to determine the extent 

to which the values obtained for serum folate activity were 

affected by the assay method used; also to show the extent 

of the error introduced by the altered growth of L.casei in 

sera which agglutinated the organism when assayed as whole 

serum. 

Deproteinized serum was assayed by the method 

described in Part II A. In addition to the usual set of 

PteGlu standards, another set was included with each batch 

containing 0.5 ml. of ascorbic-phosphate buffer '(200 mg.% 

ascorbic acid). This solution had been previously auto-

claved along with the serum extracts to ensure the same 

concentration of ascorbic acid in the standards as in the 

test solutions. Results for the folate content of the 

deproteinized serum were calculated from both the "aqueous" 

and "APB"-containing standard curves. 

For the assay of folate in whole serum, standards 

were set up as described in Part II B (Table 3), and for each 

serum sample to be assayed three tubes were prepared contain-

Ing ascorbic-phosphate buffer, distilled water•and medium, 

to allow each sample to be assayed in duplicate with its own 



non-inoculated blank. A blank for each specimen was needed 

because of the varying turbidity of the sera. _Prior to 

inoculation with L.casei,  either .0.2 ml. or 0.1 ml. of serum 

was added to•each of the 3-.:tubes, giVing a final dilution of 

1. in 5Q or lin 100. The contents. of the serum tubes are 

shown below:" 

Serum 
Ascorbic Distilled Medium Final Dilution 

Phosphate Buffer Water of Serum 

(ml.) 

0.2. 

0.1 

621.1_ 

5 

5 

(m1.) 

1 

1. 

(ml.) 

3.8 

3.9 

1 in 50 

1 in 100 

By this method the ascorbic acid content of the tests was the 

same as that of the standards, and the folate content of whole 

serum was calculated from the standard curve. 

Sixty-four sera were assayed by both methods. These 

specimens were randomly selected from personnel working in the 

department and from material sent into the laboratory. In fact, 

this material was a somewhat biased selection because of,the 

department's interest in folate deficiency. 	Ten of these sera. 

showed the factor causing agglutination of the organism and 

comparative figures for the folate content of these 10 sera 

assessed by both methods aro shown in Table 11. For these 

10 sera there was a significant difference between the values 



Table 11  

COMPARISON OF ASSAY; VALUES OF FOLATE IN DEPROTEINIZED 
AND WHOLE SERUM FOR SERA WHICH AGGLUTINATED L.CASEI  

Serum No. 

Serum Folate (ng./m1.) 

Deproteinized Serum 

estimated from 

Aqueous curve 	APB curve 
Whole Serum 

1.  13:3 12.0 9.1 
2.  945 8.5 5.0 • 
3.  6.5 5.4 2.9 
4.  244 1.7 1.3 
5.  2:6 1.9 1.2 

6.  09 0.7 0.5 
7.  1.8 1.5 1.3 

i 
8.  15 1.3 1.0 
9.  344 2.9 1.9 
10.  3;0 2.6 2.5 

Mean 4.5 3.9 2.7 

., 	_... 
; 	< 0.01 
P, • t _ 

< 0.02 
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obtained by assaying deproteinized serum and assaying whole 

serum.- As the majority of sera showing this factor had 

subnormal folate levels assessed by any method, it was not 

of clinical importance whether or not they were slightly 

lowered by agglutination of the organism. However, three 

of the sera were found to have this factor in conjunction 

with normal folate levels (13.3, 9.5, 6.5 ng./ml.) when a 

deproteinized extract was assayed, whereas when assayed as 

whole serum their values we're considerably reduced (9.1, 

5.0, 2.9 ng./ml.). 	The mean values obtained for the folate 

activity of the other 54 sera (those not containing the 

agglutinating factor) assayed in a deproteinized serum-

extract and in whole serum were as follows:- 

Assay Method  

Deproteinized serum (estimated from 
"aqueous" curve) 

(estimated from 
"APB" Curve) 

Whole serum 

Mean Serum folate. 

7.13 ng./ml. 

5.73 

7.08 	11 

As previously shoim, the assay values for deprotein-

ized serum read from an "APB" standard curve were lower than 

those read from an "aqueous" standard curve and,surprisingly, 

all except 6 values were lower than the whole serum values - 
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the difference was highly significant (p < 0.001). 	These 

values might be expected to be comparable, since they both 

allow for the stimulatory effect of ascorbic acid on the 

organism. The difference between them may represent the 

folate activity destroyed biy the autoclaving procedure. 

However, closely similar values were obtained for these 

54 sera when deproteinizedextracts were assayed and values. 

read from an "aqueous" standard curve, and when whole serum 

was assayed. The difference between these values was not 

significant (p > 0.8). 

The Recovery of L.casei Active Material Added to Serum 

(a) Recovery of 5-methyltetrahydrofolate  

The naturally occirring L.casei active material in 

serum is probably methyl-folate (5-CH3-H4Folate). (Herbert, 

Larrabee and Buchanan, 1962), but PteGlu is generally used 

as the reference material in the assay of serum folate con-

centrations because it is more readily obtainable and a more 

stable compound. In order to establish that PteGlu was 

equally active for L.casei as 5-CH3-H4Folate, recovery 

experiments were carried out adding 5-CH3-H4Folate to 

serum and calculating the recovery of this material from 

both PteGlu and 5-CH3-H4Fol4e standard curves. Synthetic 
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5-CH3-H4Folate was used, which was kindly supplied by 

Dr. M.A. Foster, prepared by the method of Guest, Foster 

and Woods (1964),. A solution containing 1 ng./ml. of 

synthetic 5-CH3-H4Folate was prepared in 0.1 M phosphate: 

buffer pH 6.1 containing 5mg./m1. of ascorbic acid as 
4 

reducing agent. This was used at twice the concentration 

of the PteGlu since it was la racemic mixture derived from 

dl-tetrahydrofolic acid, Which has been shown to have only 

50% activity for L.casei compared with the naturally occurring 

1-isomer (Kaufman, Donaldsoil and Keresztesy, 1963). 

Four sera were selected with folate concentrations 

less than 5 ng./mi. (excluding sera containing the agglutin-

ating factor. To aliquots of each was added 10 and 20 ng./ml. 

of synthetic 5-CH3-H4Folatel  equivalent to 5 and 10 ng./ml. of 

L.casei activity. These were assayed together with control 

aliquots (without added 5-C113-H4Folate) by the whole serum 

assay technique. Standards were set up using (i) 5-CH3-H4  

Folate and (ii) PteGlu. The growth of L.casei in the two 

standards was almost identical and thus the recovery of the 

added 5.-CH3  H4  Folate calculated from either curve was more or 

-less similar (Table 12). - these standard curves showed that 

* Dr. M.A. Foster - Department of Biochemistry, University of 
Oxford 



RECOVERY OF 5-METHYL-TETRAIIYDROFOLATE ADDED TO SERUM 

Serum 
No. 

5-CH3  -R Folate* 4 
added 

(ng./ml. serum) 

% Recovery of added 5-methyl-tetrahydrofolate 

Using 5-CIL-H4Folate 
Standard carve 

Using PteGlu 
Standard curve 

1. 10 106 116 
, 	_ 

20 100 105 

2. 10 120 128 
20 130 137 

3. 10 110 116 
20 121 125 

4. 10 126 134, 
20 104 112 

Mean Recovery 115 % 121 % 

* Assayed by whole serum technique. 

* Synthetic 5-CR33-H4Folate was used which was only 50% active for L.casei  
compared with rhe naturally occurring isomer, therefore the concentration 
added to the sera was equivalent to 5 and 10 ng./ml. of L.casei activity. 
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PteGlu was equally active for L.casei as 5-CH3H4Folate and 

could be used as the reference material for further recovery 

experiments to give a measure of the validity of the assay 

techniques. 

(b) Recovery of PteGlu 

Before carrying out further recovery experiments 

using both the whole serum l and serum-extract methods, it was 

decided to reduce the total assay volume used in the whole 

serum method from 10 ml. to 5 ml. per tube (see Table 13). 

This was done, firstly, to;reduce. the volume of medium 

required because of its expense, and secondly, because it 

was found that the agglutinating factor had slightly less 

effect when the organism was growing in a shorter column of 

fluid. 

Eight sera with low folate concentrations were 

selected, 5 and 10 ng./ml. pf PteGlu were added to aliquots 

of each, and all were assayed using the deproteinized serum 

extract and whole serum methods. The percentage recovery 

of the added PteGlu was calculated and is shown in Table 14. 

The mean value for the extraction method was 138% using the 

"aqueous" standard curve and 108% using the "APB" standard 

curve, while the whole serum assay gave a mean recovery of 

115%. 



Table 13 

CONTENTS OF THE FOLIC ACID STANDARD TUBES 

PteGlu concentration 
in assay tube (ng./ml.) 0 0.02 0.04 0.1 0.2 0.3 0.4 

PteGlu standard 
Solution II-1 ng./ml. 	(ml.) 0 0.1 0.2 0.5 1.0 1.5 2.0 

Distilled water (ml.) 	. 2.0 1.9 1.8 1.5 1.0 0.5 0 

Ascorbic-phosphate buffer 
(ml.) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Medium (ml.) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Total volume per tube (ml.) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

CONTENTS OF SERUM ASSAY TUBES 

Serum (m1.) 
Ascorbic 
phosphate 

buffer 	(ml.) 

Distilled 
water (ml.) Medium (ml.) Final dilution 

of serum 

0.1 0.5 1.9 2.5 1 in 50 

0.05 0.5 1.95 2.5 1 in 100 

* 
Modification of Table 3 to reduce total volume to 5 ml. 



ITable 14 • 

RECOVERY OF PTEROYLGLUTAMIC ACID ADDED TO SERUM ASSAYED 
BY DIFFERENT METHODS 

Serum 
No. 

. 

PteGlu 
added 

(ng./ml. 
serum) 

% Recovery.  of- added PteGlu 

 Deproteinized Serum 

Estimated from 

Aqueous curve 	APB curve 

Whole  
Serum 

1. 5 156 128 114 
10 121 97 121 

2. 5 158 128 132 
10 145 116 114 

. 5 148 118 ' 112 
10 I 137 110 115 

4. . 	5 , 160 128 122 
10 138 110 124 

5. 5 . 128 104 130 
10 135 108 122 

6. 5 122 92 112 
10 138 ' 106 103 

7. 5 	. 140 106 114 
10. 144 110 110. 

8. 5 136 ' 104 112 
10 ' 130 98 124 

Mean Recovery 138 % 108 % 115 Yo' 
• 

% Recovery = 

L.casei activity of ((serum-I-added PteGlu)-(serumi-distilled 
water)) 
	 x100 

Amoun.4 of PteGlu added 
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The high percentage recovery obtained in these 

experiments using the extraction method, when values were 

read from an "aqueous" standard curve, was influenced by 

the fact that the growth of the particular culture of L.casei  

used was considerably stimulated by the presence of ascorbic- 

phosphate buffer (see Part 	2(a)). 

Normal Range  

The range of folate concentration in 56 normal 

sera was estimated by bothmethods and found to be 2.6 —19.1 

ng./ml. using the extraction method with an "aqueous" standard, 

curve, 2.2 - 13.1 ng./ml. using the same method with an 

ascorbic-phosphate buffer-4ontaining standard curve, and 

2.9 - 15.1 ng./ml. using the whole serum assay (Table 15). 

The frequency distributions of these values are shown in 

Fig. 8. These were positively skewed distributions. 

Since the logarithms of the values appeared to be closer to 

a normal distribution thanithe actual values, a logarithmic 

transformation was carried 2out. 	Using the logarithm figures, 

the mean, standard deviatian and 95% confidence interval for 

the observations (allowing 2 standard deviations) were 

calculated for each assay Method and ate7shownTigong. 9. 



Table 15  

SERUM FOLATE CONCENTRATIONS IN 56 NORMAL SUBJECTS ASSAYED 
BY,DIFFERENT METHODS 

Serum Folate 
(ng./m1.) 

Deproteinized Serum 

Estimated from Whole Serum 

Aqueous curve 	APB curve 

"Range 2.6-19.1 2.2-13.1 2.9-15.1 

• 

Mean 6.8 5.0 6.1 
S.E. +0.2 +0.2 +0.2 
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Figure 8 

Fi.equency distribution of the serum folate concentrations 

of 56 normal subjects estimated in deproteinized and whole 

serum. 

The broken vertical lines represent the mean serum folate 

concentrations. 
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Figure -9  

Frequency distribution of the logarithmic transformation of 

the serum folate concentrations of 56 normal subjects estimated in 

deproteinized and whole serum. 

Deproteinized serum - values estimated from aqueous PteGlu 
standards 

Mean (log x) = 0:7788 

S.D. 	= 0:2105 

95% confidence interval (4- 2 S.D.) = 0.3578 to 1.1998 
= 2.3 to 15.8 ng./ml. 

	

Geometricmean 	= 6.0 

Deproteinized serum - values estimated from PteGlu standards 
containing APB 

Mean (logx) =0.16554 

S.D. 	= 0.11885 

95% confidence interval (+ 2 S.D.) = 0.2784 to 1.0324 
= 1.9 to 10.8 ng./ml. 

Geometric mean 	,=. 4.5 

Whole serum 

Mean (log x) 

S.D. = 0.1864 

95% confidence interval (+ 2 S.D.) = 0.3694 to 1.1140 
= 2.3 to 13.0 ng./ml. 

Geometric mean 	= 5.5 

The broken vertical lines represent the geometric meanvalues. 



SUMMARY AND CONCLUSIONS  

The results of the investigations described in 

this section indicated that it was not essential for serum 

samples for folate estimation to be collected from fasting 

subjects. Also that serum could remain unseparated from 

the clot at room temperature for at least 24 hours and still 

retain its initial folate activity. No loss of folate 

activity was found in serum stored at room temperature for 

up to 14 days if ascorbic acid was added, but rapid loss 

of activity occurred without added ascorbic acid. Freeze-

drying appeared to be an effective means of maintaining the 

folate activity of serum on a long term basis. 

It was shown that using Difco dry-mix assay medium, 

the addition of ascorbic-phosphate buffer to the PteGlu 

standards stimulated growth of the organism to a variable 

extent depending on the pai-ticular culture used, and this 

resulted in lower serum folate values. The difference 

between the two standard curves decreased with increased 

time of incubation so thatIserum folate values.read from 

an "aqueous" standard curve gradually approached those read 

from an "APB" standard curve. If medium prepared from 

enzyme hydrolysed casein was used, growth was not stimulated 

.by the addition of ascorbiC-phosphate buffer. 

89 
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It was found that increasing the ascorbic acid 

concentration of the buffer used to prepare deproteinized 

extracts of serum, beyond200 mg.%, did not provide greater 

protection of the labile qerum folate during the autoclaving 

procedure. 

Daylight was shdwn to be deleterious to the assay 

medium. If medium was exposed to sunlight, it would support 

no growth of the organism:owing to the destruction of its 

riboflavin and B6  content. Exposure of the medium to bright 

daylight was sufficient to destroy a proportion of the ribo-

flavin content giving poor; growth in the standards and falsely 

high values for sera with :folate levels greater than 8 ng./ml. 

It was concluded that the medium, standard PteGlu solutions 

and serum-extracts should'be protected entirely from sunlight, 

and from bright daylight as far as possible. 

The investigation into the effect of serum per se 

on the growth of L.casei,  using a whole serum assay technique, 

showed that serum from the,  majority of normal subjects and 

hospital control patients either had no effect or else slightly 

stimulated growth. However, the interesting finding was made 

that serum from many patients with adult coeliac disease, and 

some other conditions, inhibited the growth of L.casei by 

agglutinating the organisms under the assay conditions. 
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Because of the'variable effect of individual sera on the 

growth of L.casei,  it was concluded that low-folate serum 

could not be added to the standards to make their contents 

entirely comparable with the sera under assay. 

A comparison was made of values obtained for the 

folate activity of sera assayed in a deproteinized extract 

of serum and in whole serum. It was shown that in the assay 

of deproteinized serum extracts, the values read from the 

standard curve containing APB were lower than those read 

from the "aqueous" standard curve, but that the latter values 

were closely similar to those obtained by assaying whole serum, 

except for sera which contained the agglutinating factor 'to 

L.casei.  These sera, particularly those with normal folate 

concentrations, showed considerably reduced values when 

assayed as whole serum. 

It was established that PteGlu was an equally 

active growth factor for L.casei  as 5.CH3-H4Folate, and 

recovery experiments using =PteGlu indicated the validity 

of the assay techniques. Finally the range of folate 

concentration in normal subjects was established for each 

assay method. 



PART IV 

INVESTIGATION OF THE INHIBITORY EFFECT OF SOME SERA 

ON THE GROWTH OF L.CASEI  
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As a result of the investigations (described in Part 

III) into factors affecting the growth of L.casei which are 

attributable to the assay technique, a factor was found in some 

sera which inhibited growth by causing agglutination of the 

organisms. The purpose of this section is to describe the 

development of methods for screening sera for the presence of 

this agglutinating factor. 

A. METHODS OF DEMONSTRATION 

1. 	The'Addition of Whole Serum to Folic Acid Standards  

The apparent inhibitory effect of some sera was initially 

shown by this method and it was used to demonstrate the effect 

on the growth of L.casei of the majority of sera studied in this 

work. The details of the procedure have been given in Part II. 

Results were recorded by, calculation of the recovery 

of the PteGlu in the serum-containing standards. Sera which 

gave a recovery of less than 100%, i.e. when added to the stan-

dards resulted in a lower standard curve than the "aqueous" stan-

dard curve, were considered to have inhibited the growth of the 

,organism. Those which gave more than 100% recovery, i.e. when 

added to the standards resulted in a higher standard curve than 

the "aqueous" standard curve, stimulated growth. 	Initially the 

recovery was calculated for most sera at three points on the stan-

dard curve, i.e. 0.1, 0.2 and 0.3 ng./ml. of PteGlu and it was found 
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that the inhibitory and stimulatory effects were more marked 

at the higher concentrations of PteGlu. Figure 7 shows 

typical L.casei growth curves obtained by the addition of 

0.2 ml. of normal and inhibitory sera to the PteGlu standards. 

Table 16 gives the calculated recovery of PteGlu at these 3 

points on the curve for three sera from patients with adult 

coeliac disease which showed this inhibitory effect, and for 

five normal sera. 

In practice it was not always possible to calculate 

the recovery at the 043 ng./ml. level for sera which stimulated 

growth because growth at this level exceeded the maximum 

growth of the "aqueous" PteGlu standards. For this reason 

0.2 ng./ml. of PteGlu was selected as the point at which the 

recovery was calculated for all the sera tested. 

(a), Effect of varying the volume of serum added: 

Some inhibition or stimulation of growth was obtained by the 

addition of 0.1 ml. of serum (final dilution of serum in the 

assay tube was 1 in 100) as shown in Table 16. However, the 

effect was enhanced by the addition of 0.2 ml. of serum 

(final dilution of serum was 1 in 50) and in some cases 

this amount was necessary to demonstrate any marked inhibition. 

or stimulation of growth of L.casei. 	It should be noted that 

these are the dilutions of serum used when sera are assayed 



Table 16  

EFFECT ON THE RECOVERY OF FOLIC ACID OF THE ADDITION OF WHOLE SERUM 
TO THE FOLIC ACID STANDARDS 

Serum 
No. 

Volume of 
Serum added 

(ml.) 
Dilution of 

Serum 

% Recovery at Standard Concentrations 
of PteGlu 

0.1 	0.2 	0.3 
(ng./ml.) 

1' 0.1 1 in 100 94 92 89 
0.2 1 in 50 76 52 50 . 	. 	. . ,. .. 	, . .. 

2. 0.1 1 in 100 63 70
.  

70 
0.2 1 in 50 44 45 44 

. 0.1 1 in 100 90 96 105 
0.2 1 in 50 84 76 71 

4. 0.1 1 in 100 100 102 107 
0.2 1 in 50 113 119 - 

5. 
• 

0.1 
0.2 

1 in 100 
1 in 50 

126 
125 

131 
140 

- 
- 

6. 0.1 1 in 100 103 103 105 
0.2 1 in 50 122 128 - 

7.. 0.1 1 in 100 102 104 108 
0.2 1 in 50 110 118 

8. • 0.1 1 in 100 103 104 109 
. 0.2 1 in 50 115 122 - 

Sera 1-3 inhibited. growth of.L.casei  
Sera 4-8 stimulated growth of L.casei 
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by the whole serum method 

(b) Effect of mechanical agitation throughout  

incubation period: As the inhibitory effect of some sera 

on the growth of L.casei appeared to be due to agglutination 

of the bacterial cells, the effect of mechanical agitation on 

the growth of the organism in the presence of serum was studied. 

"Aqueous" standards and standards containing serum known to 

inhibit growth of the organism, were prepared as usual and 

placed on a turntable mixer which rotated and inverted the 

tubes throughout the 18 hour incubation period. As a result 

of this continuous movement, the standards containing serum 

showed more growth than the "aqueous" standards. This 

indicated that the inhibition of growth shown by these sera 

when the assay was incubated under normal conditions, was 

caused by agglutination of the bacteria. 

2. Microscopic Agglutination of L.casei by Serially Diluted 

Serum 

Microscopic examination of L.casei growing in the 

,presence of inhibitory sera showed that the organisms were 

agglutinated. 	Therefore it seemed logical to detect the 

presence of this agglutinating factor in serum by a slide 

agglutination technique. This method was simple and had 

the advantages that it was not necessary to set up an assay 
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to detect the agglutinating factor, and it required only a 

small quantity (0.1 ml.) of serum. 

Doubling dilutions of sera were prepared in ascorbic 

phosphate buffer from 1 in-20 to 1 in 320. Using a 30 drop/mi. 

Pasteur pipette, 1 drop of:each dilution was placed on a clean 

microscope slide and to each was added 1 drop of a culture of 

L.casei using a similar pipette, thereby doubling the final 

dilution of serum. A 6 hour subculture of L.casei was used - 

1.0 ml. was transferred into 10 ml. Difco assay medium to which 

had been added PteGlu to give a concentration of 0.4 ng../M1. 

Thus the organism was provided with all requirements for growth 

as in the standards previously described. All slides were 

covered and left overnight-at room temperature. Approximately 

18 hours later the slides were examined microscopically and if 

the organisms were clumpedtogether in groups they were con-

sidered positive (+) (Fig.i10A), if they were freely dispersed 

about the slide either singly or in chains they were considered 

negative (-) (Fig. 10B). 1The highest dilution of each serum 

which agglutinated L.casei;was recorded as its titre of the 

agglutinating factor. 

Initially,* the lowest final dilution of serum used 

was 1 in 20, but this was discontinued when it was found that 

all sera, whether normal or not, would agglutinate the organisms 



Q
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Figures 10A and 10B 

Culture of L.casei grown in the presence of serum .  

from (A) a patient with adult coeliac disease 

. and (B) a normal subject. 

18 hour culture of organism 

Serum dilution of 1:160 

Photographed under a light microscopes  magnification x 400 

Dark ground illumination used for (A) 
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at this concentration. Henceforth, dilutions were commenced 

at 1 in 40, this appeared to be the higher limit of normal 

and sera from approximately 50% of the healthy young adults 

tested showed agglutination at this dilution and only one 

(3%) at a higher dilution. In contrast, sera from most 

patients with adult coeliac disease, dermatitis herpetiformis 

and some other conditions agglutinated the organisms at higher 

dilutions, some as high as 1 in 640. Results obtained by 

this method invariably agreed with those obtained by the 

previously described method for demonstrating this effect, 

i.e. if a serum inhibited the growth of L.casei when added 

to the standard curve its titre of agglutination in a slide 

preparation was always found to be greater than 1:40 (Table 25, 

Table 26 in Appendix IV). The distribution of the agglutin-

ating factor in a wide range of clinical conditions will be  

given in Part V. 

3. Morphological Studies with the Stereoscan Electron Microscope  

The Stereoscan electron microscope, which produces 

three-dimensional pictures of considerable depth of focus, 

was used to examine more closely the morphological changes 

produced in L.casei by sera'which inhibited its growth. The 

organisms were coated with a 500 2 thick layer of gold and 
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palladium to render their surfaces conducting to the electron 

beam (Clarke and Salsbury (1967), who kindly took these 

photographs). 

For these photographs, cultures of L.casei were 

grown overnight at 37°C. in assay medium with added PteGlu 

(0.4 ng./m1.):. 

(i) in the presence of normal serum at a dilution 

of 1 in 59 (Fig. 11), 

(iii) in the presence of an inhibitory serum at the 

same dilution (Fig. 12A), 

(iii) in the absence of any serum (Fig. 13). 

The agglutination of the organisms caused by the 

inhibitory serum was clearly shown. At higher magnification 

(Fig. 12B), agglutination appeared to be associated with surface 

damage and fusion of the organisms into an amorphous mass. 

In the absence of seruml 'or! in the presence of normal serum, 

the organisms appeared to remain free and intact. 
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Figures 11, 12A, 12B and 13  

Culture of L.casei grown in the presence of: 

(Fig.11) 

(Fig.12A) 

(Fig.12B) 

(Fig.13)  

serum from:a normal subject; 
magnification x 3,700 

serum from 'a patient with adult coeliac disease; 
magnification x 5,000 

ditto; magnification x 12,000 

no serum; magnification x 3,700 

18 hour culture of organis1R 

Serum dilution of 1:50 

Photographed under a StereoScan electron microscope 
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B. NATURE OF THE AGGLUTINATING FACTOR 

Studies were carried out to determine (i) if the 

agglutinating factor had any effect on organisms other than 

L.casei (ii) whether it was a protein and if so (iii) in which 

serum protein fraction it could be demonstrated. 

1. Effect of Serum on Organisms other than L.casei  

The effect of serum on another folate dependent 

organism,. S.faecalis, was i tested first by the addition of 

whole serum to PteGlu standards as previously described for 

L.casei, but in this instance inoculated with S.faecalis. 

Normal sera and sera whichhad been shown to agglutinate 

L.casei  were used, none,  had any effect on the normal growth 

pattern. of S.faecalis. 

Secondly, the effect of serum on S.faecalis, 

S.faecium, E.coli and L.lei.chmannii was investigated using 

the slide agglutination technique. Cultures of these organ-

isms were propagated in suitable media and added to diluted 

sera,-as previously described for L.casei, giving final 

dilutions of serum of 1 in pD up to 1 in 160. 

Although some of the sera studied had been shown to 

agglutinate L.casei at diltitions up to 1 in 640, none of them 

agglutinated any of these other organisms at any of the dilu-

tions used. 
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2. Adsorption of Agglutinating Factor to L.casei Cells  

Investigations were made to show whether the factor 

in serum causing L.casei cells to agglutinate was, as a result. 

of this clumping action, adsorbed to the bacterial cell surface, 

and hence removed from the,serum; or whether it could still . 	; 

be demonstrated in the serum 'after removal of the bacterial 

cells. 

Series of PteGlu standards containing 0, 0.2 and 

0.4 ng. PteGlu per ml. were set up as previously described, 
1 

with the addition of 0.2.ml. of selected sera which were 

known to agglutinate the organisms. After incubation for 

1.8 hours at 37°C. the bacteria were removed by centrifug-

ation for 15 minutes at 3,000 r.p.m., and the supernatant 

tested for the presence of „the agglutinating factor using 

the slide agglutination technique. The dilution of serum 

in the supernatant was 1 in 50 and by the addition of 1 drop 

of this to 1 drop of a fresh culture of L.casei, a final serum 

dilution of 1 in 100 was obtained. By double diluting, serum 

dilutions of 1 in 200 and lain 400. were also prepared. These 

slides were kept covered overnight at room temperature and 

examined after 18-20 hours for any agglutination of the 

organisms. 

The 4 sera examined in this way had initially shown 
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agglutination of L.casei at dilutions up to 1 in 160, l'in 

320 and 1 in 640 respectively. After overnight incubation 

with the organisms and subsequent addition to other L.casei  

cells, it was found that only one serum showed any agglutin-

ation — this was at a dilution of 1 in 100 only, whereas it 

had initially caused agglutination at 1 in 640. The other 

sera tested did not show agglutination of the bacteria after 

this treatment (Table 17). 

It therefore appeared that the agglutinating factor 

in serum was adsorbed onto the bacterial:cell surface during 

the clumping process, and only in a serum which had an unus-

ually high titre of this factor could it still be demonstrated 

after removal of the clumped bacteria. 



Table 17 

ADSORPTION OF AGGLUTINATING FACTOR TO L.CASEI CmTS 

Serum No. 

Agglutination Titre 

- 

Before adsorption After adsorption 
to L.casei to L.casei 

1. - 1:160. <1:100 

2.  1:320 <1:100 

3.  1:Z20 <1:100 

4.. 	. 	... 1:640 1:100 
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3. Relation to Serum Protein and Complement  

(a) Effect of Dialysis of. Serum  

serum samples of 2 to 4 ml. volumes were contained 

in Visking 8/32" dialysis tubing. These were suspended in 

a large volume of isotonic buffer at 4°C. with frequent agi-

tation and several changes'of buffer solution for periods 

of 18 to 36 hours. 

After dialysis, the serum was removed from the 

tubing and 0.2 ml. added to assay tubes containing standard 

solutions of PteGlu as previously described. In the same 

assay batch duplicate samples of the same sera, but not 

dialysed, were also added to standards. 

It was found that the agglutinating factor was not 

removed by dialysis. Sera which inhibited the growth of 

*Footnote: The buffer solution contained 90% NaCl solution 

• (9.5 gm./litre) and 10% phosphate buffer, pH 7.4. 

The phosphate buffer was prepared from two solutions: 

solution A containing:0.15 M.NaH2PO4.2H20 - 2.34 gm./100 ml..  

solution B containingi0.15 M.Na2HPO4 	- 2.13 gm./100 ml. 

These solutions were mixed in the ratio of 18 ml. 

solution A to 82 ml. solution B, to give pH 7.4. 
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L.casei did so to the same extent, or in some cases to a 

greater extent after dialysis as before. The amount of 

stimulation of growth prodLed by normal sera was either 

not affected or was sometimes decreased by dialysis of the 

serum prior to assgy'(Fig. '14, Table 18). 

During the experiment, it was noted that after 

dialysis the folate content of the serum was greatly reduced, 

in some cases almost to nil. Dialysis could therefore be 

used to render sera with high folate concentrations more 
4 

suitable for the detection of the agglutinating factor 

using the method of addition of serum to the PteGlu standards. 

Since the factor In serum causing agglutination of 

the organism was not removed by dialysis of the serum, it 

appeared to be a material of large molecular size and was 

considered likely to be of protein nature. 

(b) Effect of the Extraction of Serum Proteins  

Proteins were extracted from sera by heat precipi-
E 

tation in phosphate buffer and the resulting supernatant re-

assayed to detect the presence of any agglutinating factor. 

The deproteinized extracts of sera were prepared 

by diluting 2 ml. of serum with 8 ml. of ascorbic-phosphate 

buffer and treating them as:described in Part -II A. The 

4 • 
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Figure 14  

Comparison of the effect of serum, before and after dialysis, 

on growth of L.casei in standard concentrations of PteGlu. 

Serum I 	normal subject 

Serum II 	patient with adult coeliac disease 

(a) serum before dialysis 

(b) serum after dialysis 

Volume of serum added - 0.2 m 



Table 18 

COMPARISON OF EFFECT OF SERUM BEFORE AND AFTER DIALYSIS 
ON GROWTH OF L.CASEI  

' 
Serum No. 

, 

Volume 
of 

Serum 
added 
(ml.) 

% Recovery at Standard 
Concentrations of PteGlu 

0.1 	0.2 	0.3 
(ng./ml.) 

1. (a) before dialysis : 0.2 135 145 - 

(b) after dialysis 0.2 104 105 110 
t 

2. (a) before dialysis 0.2 102 121 - 
(b) after dialysis 0.2 100 104 108 

3. (a) before dialysis 7  0.2 70 68 68 
(b) after dialysis 	• 0.2 56 41 40 

4. (a) before dialysis 0.2 45 45 43 

(b) after dialysis 	: 0.2 . 50 51 47 
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• 

serum was diluted 1 in 5 by this procedure and the addition 

of 1.0 ml. of extract to the PteGlu standards gave a final 

serum dilution of 1 in 50; the same dilution as when 0.2 ml. 

of whole serum was added to the standards, as previously 

described. Whole serum corresponding to each extract was 

assayed in parallel for comparison. 

The effect of deproteinized serum on the growth 

of L.casei was either negligible or more usually it stimu-

lated growth to produce a slightly higher curve than the 

"aqueous" PteGlu standard ,even though some of the sera 

tested had shown marked inhibition of growth when added 

as whole serum. Table 19 shows this effect expressed as 

the percentage recovery ofPteGlu in the standards to which 

the serum or extract was added. The recovery range of 

31-88% obtained for the group of sera which agglutinated 

the organism rose to 98-149% when the serum was deprotein—

ized. This compared very:closely with the range of 100-142% 

obtained when sera which did not exhibit the agglutinating 

factor were assayed either as whole or deproteinized serum. 

Thus removal of the serum proteins appeared to 

remove the agglutinating factor when present in serum, but 

did not remove the stimulatory effect of other sera on the 

growth of L.casei. This tonfirmed the probability that the 



Table 19  

COMPARISON OF EFFECT OF WHOLE AND DEPROTEINIZED SERUM 
ON GROWTH OF L.CASEI  

Serum 
No. 

% Recovery at Standard Concentrations of PteGlu 

0.1 	0.2 	0.3 	(ng./m1.) 	0.1 	0.2 	0.3 

Whole Serum* Deproteinized Serum* 

1. 75 69 63 100 	100 113 
2. 45 36 31 140 	131 130 
3. 52 49 42 98 	115 
4. 52 42 35 110 	124 
5. 70 63 57 115 	119 
6. 88 67 55 106 	113 113 
7. 80  78 69 110 	120 120 
8. 61 62 56 105 	100 100 
9. 58 61 64 100 	106 105 
10. 55 49 45 107 	117 103 

Mean 63.6 57.6 51.7 109.1 	114.5 112 

Range 31 - 88 98 - 140 

11. 112 109 112 	109 .  
12. 134 123 118 140 	132 120 
13. 114 116 115 	115 
14. 103 108 121 	116 
15. 105 104 115 105 	104 115 
16. 124 142 138 134 	142 137 
17. 117 137 117 	137 
18. 109 103 100 111 	113 121 
19. 108 110 109 118 	120 123 
20. 100 115 128 100 	115 128 

Mean 112.6 	116.7 118 117.3 	120.3 124 

Range 100 - 142 100 - 142 

Group A. sera which agglutinated L.casei  

Group B' sera which stimulated growth of L.casei  

Volume of serum added to PteGlu standards was 0.2 ml. 

Volume of deproteinized serum extract added was 1 ml. 
(serum diluted I in 5 in preparation of extract). 
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factor causing agglutination of the organism was a protein 

material. 

(c) Effect of Destroying Complement  

It was considered:unlikely that complement was 

involved in this reaction since it is a very unstable sub-

stance, even at room temperature, and agglutination had been- 

demonstrated by sera after storage at room temperature for 

periods of.up to three weekS duration in order to 1oWer their 

folate levels. . However, experiments were carried out to 

show whether the factor in serum causing agglutination of 

L.casei was related in any Way to complement. 

Sera which had previously been shown to agglutinate 

L.casei were selected, and an aliquot of each incubated in a 

water bath at 56°C. for half an hour. After this treatment 

they were tested for presence of the agglutinating factor by 

addition to the PteGlu standards. Aliquots of the same, 

but untreated, sera were assayed in the same batch. It 

was found that the inhibition of growth of L.casei caused 

by these sera was not significantly affected by this heat 

treatment. 

Furthermore, using the slide agglutination technique 

for demonstrating this facto'r, three sera were assayed before 
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and after incubation at 56°C. for half an hour. These 

sera showed agglutination titres of 1:640, 1:160 and the 

third no agglutination at a dilution of 1 in 40; the 

results were entirely comparable before and after heat 

treatment. 

These results showed that the destruction of 

complement by heating to 56°C. did not affect the agglut-

ination of L.casei.  
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4. Relation to Serum Protein Fractions 

Demonstration that the agglutinating factor in 

serum was a protein material led to investigations into 

which proteinfraction contained it. 	Initially simple 

separationS were carried out to separate the Y-globulins 

as a whole, subsequently individual immunoglobulins were 

separated in order to correlate the agglutinating factor 

with a particular protein fraction. 

(a) Serum Y-globulin Separation  

Gamma-globulins were separated from serum by the 

use. of 2-ethoxy-6, 9-diaminoacridine lactate (Rivanol), which 

Horejsi and Smetana (1956) had shown could be used to produce 

a very high yield of the Y-globulin fraction of serum with 

98% purity and no apparent denaturation. 

An aqueous solution containing 0.4% Rivanol was 

prepared and added -to serum in the ratio of 5 parts Rivanol 

to 1 part serum, which resulted in the precipitation of all 

the serum proteins except Y7globulins. After centrifugation, 

the supernatant was transferred into Visking 8/32" tubing for 

dialysis to remove the Rivanol, which might otherwise inter-1  

fere with the detection of the agglutinating factor using 

the assay technique.- Dialysis was carried out against 
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buffered saline pH 7.4 at 4°C. for approximately 36 hours 

with frequent agitation and changing of buffer solution. 

Following dialysis, the supernatant solutions were each 

transferred into collodion ;thimbles (Sartorius Membran-

filters, Germany) and the Volume concentrated back to the 

original serum volume of 1 ml. by negative pressure dialysis. 

Agglutination of L.casei:. The concentrated fractions 

were added to the PteGlu standards, as previously described, 

in order to demonstrate any, agglutinating factor to L.casei. 

Both normal sera and sera known to agglutinate 

L.casei were treated in this manner. 	It was found that if 

whole serum agglutinated L.casei, then its supernatant after 

precipitation with Rivanol also agglutinated the organisms 

to the same extent. Normal serum showed no inhibition of 

growth either before or aftdr treatment with Rivanol, indi-

cating that the Rivanol hadibeen adequately removed by dial-

ysis so that it did not itself interfere with the growth of 

L.casei. 

The agglutinating:factor was therefore in the Y-

,globulin fraction of serum. i 

(b) Salt Fractionation of Y'-globulins  

Since the YG (IgG)1  fraction of the Y-globulins could 



116 

'be separated relatively purely from serum by precipitation 

with 33% saturated ammonium sulphate, it was considered worth-

while to carry out this procedure as a preliminary step towards 

identifying the Ig fraction which contained the agglutinating 

factor, before undertaking the more elaborate methods of protein 

separation involving column chromatography. 

A saturated solution of ammonium sulphate was, prepared 

and added to serum in the ratio of 1 volume ammonium sulphate 

solution to 2 volumes of serum. The resulting supernatant 

was removed after centrifugation and the precipitate washed 

twice with 40% saturated ammonium sulphate, redissolved in 

0.9% NaCl and precipitated again with 33% saturated ammonium 

sulphate. This procedure was repeated three times, and the 

final precipitate of 1-globulin dissolved in isotonic phosphate 

buffer, pH 7.4 (prepared as described on page 106). 	This sol-

ution was dialysed overnight against the same buffer at 4°C. to 

remove any remaining ammonium sulphate. 

Identification of the protein fraction was carried 

out by immunoelectrophoresis. The method employed was based 

upon the micromethod described by Scheidegger (1955), with 

modifications suggested by Dr. J. Kohn (personal communication). 

* Dr. J. Kohn - Dept. of Pathology, Queen MaryJs Hospital, 
Roehampton. 



A 1% solution of Ionagar No. 1 (Oxo Ltd.) was used to prepare 

'the agar gel plates (3 x'll in.) in which the electrophoresis 

and immunodiffusion took place. Wells were cut in the agar 

to contain 0.002 ml. serum. Electrophoresis was performed 

in a tank (Shandon Scientific Co. Ltd.). containing barbitone 

buffer 0.05 M pH 8.6, using initially 2Q0 volts and a constant 

current of 0.4 mA/cm.- length of plate. Adequate separation 

of proteins was obtained in 1 hours. 

Goat antiserum to human serum and to specific human 

immunoglobulins (Hyland Laboratories) was used to identify 

the. proteins present. Approximately 0.04 ml. of antiserum 

was applied in troughs cut ;out of the agar between the wells. 

Immunodiffusion took place,in a moist chamber during 18-24 

hours. After elution of excess protein from the slides in 

the same barbitone buffer, Ue gel was dried, the precipi-

tation lines stained with 0.2% Ponceau S in 3% trichloracetic 
6 

acid, washed in 5% acetic acid and finally dried. 

Agglutination of 1L.casei: The fractions were 

tested for agglutinating factor to L.casei, using the slide 

agglutination technique run! in parallel with the correspond- 
P 

ing whole serum. 

Seven sera were investigated by these techniques 

(Table 20). Two were sera! from normal subjects and neither 



RELATIONSHIP BETWEEN THE AGGLUTINATING FACTOR AND SERUM IMMUNOGLOBULIN FRACTIONS 
- FRACTIONS SEPARATED BY SALT PRECIPITATION 

Serum 
No. Condition Agglutination titre 

of whole serum 
Agglutination titre 

of fraction 
Ig content 
of fraction 

1. Normal 1:. 20 <1: 20 IgG 

• 2.• Normal .._ 1:. 20 <I: 20 .... 	IgG 

3.  Dermatitis 
herpetiformis 

1:160 1: 80 IgG.  

4.  Adult coeliac 
disease 

1:320 1: 80 IgG 

5.  Adult coeliac 
disease 

1:320 1:160 .IgG + IgA 

6.  Adult coeliac 
disease 

1:320 1:160 IgG + IgA 

. Dermatitis 
herpetiformis 

1:640 1:160 IgG + IgA 
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of these whole sera agglutinated L.casei at dilutions greater 

than 1 in 20. The precipitated fraction from both these sera. 

did not agglutinate L.casei, even at a dilution of 1 in 20, 

and was shown to be purely'IgG (Fig. 15A). The other five 

sera had agglutination tities_of 1:160 1:320 or 1:640 res-

pectively when studied as whole serum, and on testing their 

fractions obtained by precipitation with 33% saturated 

ammonium sulphate, all were found to agglutinate L.casei  at 

dilutions greater than 1 in 40. The agglutination titres 

of the fractions were lowei than those of the whole sera 

probably because some activity was lost during the crude 

separation procedure. On ;immunoelectrophoresis, two of 

the precipitated fractions from these agglutinating sera 

showed a single protein banil identification as IgG, similar 

to the fractions of the normals. 	In view of this finding, 

it seemed that the agglutinating factor was associated with 

the IgG serum fraction. However, the fractions obtained 

from the other three sera which contained the agglutinating 

factor, on immunoelectrophoresis, were found to contain two 

,protein bands (Fig. 15B) idpntified using specific anti-

globulin antisera as IgG and IgA. It was therefore not 

possible to be sure that the agglutinating factor was related 

solely to the IgG fraction. 
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Figures 15A and 15B 

Agar immunoelectrophoresis of whole serum and serum fractions 

separated by salt precipitation. 

A. Upper and lower wells::- IgG fraction precipitated from 
serum of a normal subject 

- whole serum from normal subject 

- goat antiserum to human serum 

- goat antiserum to human IgG 

Middle well 

Upper. trough 

Lower trough 

B. Upper and lower wells - IgG fraction precipitated from 
serum of patient with adult 
coeliac disease 

- whole serum from same patient 

- goat antiserum to human IgG 

- goat antiserum to human serum 
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In summary, the results indicated that the L.casei  

agglutinating factor found in certain sera was in the Ir,-G serum 

fraction, but the possible implication of IgA in this reaction 

could not be ruled out at this stage. Further separation of 

the Ig fractions by column chromatography was therefore con-

sidered necessary in order to obtain a pure fraction of IgG. 

(c) Column Fractionation of Immunoglobulins  

(i) Anion-Exchange Chromatography  
* 

This was done in collaboration with Dr. A.V. Hoffbrand . 

A diethylaminoethyl (DEAE)-cellulose collimn was found to be 

suitable for the separation of a pure fraction of IgG, using 

an'adaptation:ofthe method described by Fahey, McCoy and 

Goulian (1958). This method would not separate pure fractions 

.c).f the other immunoglobulins. 

Preparation of the column: At a temperature of.4 C., 

:the 20 cm. x 1 cm. column was packed with DEAF-cellulose 

('Whatman DE 32) which had previously been cycled with 0.3M 

pH 8.0 phosphate buffer. The column was equilibrated over- 

night With:0.005 M pH 8.0 phosphate buffer. 

Application of the sample: Sera were selected which 

* Dr. A.V. Hoffbrand - Dept. of. Haematology, Royal Postgraduate 
Medical. School, London. 
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were known to have L.casei agglutination titres greater 

than 1:40. Serum samples were dialysed overnight against 

the 0.005 M phosphate buffer at 4°C., before a 3 ml. aliquot 

was layered on to the column. 

Elution: A gradient elution of the column was 

performed, with a continuous rise in phosphate molarity from 

0.005 M phosphate buffer to 0.3 M KH2PO4, and a fall in pH 

from 8.0 to 4.5. 5 ml. fractions of the eluate were collected 

at 4°C. 

The optical densiiy of the fractions at 280/k, esti-

mated in a spectrophotometer, was taken as a measure of the 

protein content. The fractions constituting the first 

protein peak that was eluted, which contained the IgG serum 

fraction (Fahey- and Horbetti. 1959),, were pooled and concen-

trated to approximately 1 ml. in a. collodion bag by negative 

pressure dialysis. 

Agglutination of L.casei: Serum from two patients 

(one with adult coeliac disease; one with dermatitis herpeti-

formis) was separated by this technique. The IgG fractions 

obtained from these sera were tested for the presence of the 

agglutinating factor to L.casei by the slide agglutination 

technique and were found to. contain this factor. The L.casei  

agglutination titres of the whole sera were 1:.640 and 1:320; 
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the titres of their IgG fractions were 1:320 and 1:160 

respectively. 

Immunoglobulin identification: The purity of the 

fraction obtained from both sera was examined by immunoelectro-

phoresis and found to contain only one protein band, identified 

using specific goat antiserum to human YG-globulin as IgG 

-(Fig. 16). 

Subsequent protein peaks collected from the column 

which contained mixtures of the other immunoglobulins and serum 

proteins did not cause agglutination of the organisms. These 

results confirmed the finding that the factor in certain sera 

causing agglutination of L.casei at serum dilutions greater 

than 1 in 40 was present in the kg fraction. 

. Having related this abnormal L.casei agglutinating 

factor to the IgG serum fraction, investigations were made to 

determine whether the factor in theserum of normal subjects 

which caused agglutination at serum dilutions of 1 in 20 or 

1 in 40 was the same factor at a lower concentration, or a 

different factor associated with another immunoglobulin. 

Since it was likely to be either an IgN or an IgG type anti-

body" a fractionation technique was required which would provide' 

pure fractions of both these immunoglobulins, therefore gel 
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Figure 16  

Agar immunoelectrophoresis of whole serum and the serum 

fraction containing the first protein peak eluted from the 

DEAE - cellulose column. 

Upper and lower wells - IgG fraction from serum of patient 
with dermatitis herpetiformis 

Middle well 	- whole serum from same patient 

Upper trough 	- goat antiserum to human IgG 

Lower trough 	- goat antiserum to human serum 
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filtration was used. 

(ii)• Gel Filtration  

This procedure separates serum immunoglobulins 

according to their molecular size by the use of a gel which 

acts as a molecular sieve. The order in which molecules 

are eluted from the column depends upon the extent to which 

they penetrate the gel particles. Thus, molecules are 

eluted in the order of decreasing molecular size. 

The method employed was based upon that described 

by Flodin and Killander (1962), using a cross-linked dextran 

gel,(Sephadex G.200, Pharmacia, Uppsala, Sweden). 

,Preparation of the column: The Sephadex was allowed 

to swell in distilled waters, then sterilized by autoclaving 

for 40 minutes at 110°C. :Swollen gel was stored at 4°C. until 

required and the entire separation was carried out at this 

temperature. The column was poured using a thiek slurry of 

the gel, taking care to exclude air bubbles. When the gel 

had fully packed down, the length of the column was 80 cm. x 

2.5 cm. Buffer solution Used to equilibrate and elute the 

column was 0.1 M Tris-HC1, pH 8.0. The 'column was eluted 

with this buffer contained lin a reservoir with a pressure 

head of not more than 10-20' cm. H2
0. for 3 days to stabilize 

the gel bed before a sample was applied. 
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Application of the sample: A 3 ml. sample of serum 

was applied to the stabilized column (this was approximately 

1% of the gel bed volume). When the serum had moved into 

the gel, it was immediately followed by an equal volume of 

buffer. 

Elution: The reservoir of Tris-HC1 buffer was 

connected to the system and the flow rate through the column 

adjusted to 10-12 ml./hour. 5 ml. fractions of the eluate 

were collected using an Ultrorac fraction collector (LKB-

Produkter, Sweden). 

The optical densities of the fractions at 280 

were measured in a spectrophotometer and plotted against the 

fraction numbers (Fig. 171. The fractions containing the 

first two eluted protein peaks, which were expected to contain 

pure IgM (Fraction I) and the bulk of IgG (Fraction III) 

respectively, were concentrated to approximately 2 ml. each 

in collodion thimbles as previously described. The inter-

mediate fractions between these two peaks, which were likely 

to contain the bulk of the IgA activity (Fraction II), but 

not in a pure state, were also concentrated to 2 ml..  

Agglutination of L.casei: The three concentrated 

fractions of each serum separated were scanned for the presence 

of any agglutinating factor to L.casei  using the slide 
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Figure 17  

  

Representative elution diagram of serum proteins from the 

Sephadex G.200 column. 

Fractions I, II, and III are the eluted fractions which were 

pooled and concentrated to contain: 

I - IgM 

II - mainly IgA 

III 	IgG 
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agglutination technique, commencing dilutions at 1 in 10. 

Five sera were fractionated; 2 from normal subjects 

whose whole sera had agglutination titres of 1:401  2 from 

patients with dermatitis herpetiformis, whose whole sera had 

agglutination titres of 1:640 and 1:320 respectively, and one 

from a patient with adult coeliac disease whose serum had an 

agglutination titre of 1:40 and a subnormal IgM level. The 

latter patient was selected to investigate the relationship, 

between a low agglutination titre and a subnormal serum IgM 

level, which had been found in a number of patients with this 

disease. The agglutination titres of the fractions are 

shown in Table 21. 

These results showed that both the sera from normal 

subjects and the patients with dermatitis herpetiformis con-

tained a factor which would agglutinate L.casei at serum 

dilutions up to 1 in 20 or 1 in 40, which was isolated in 

Fraction I. fraction I from the patient with adult coeliac 

disease had an agglutination titre of 1:10. 	In addition to 

this factor, the 3 patients' sera contained another factor 

giving L.casei agglutination titres of 1:320, 1:160 and 1:20 

respectively, which was isolated in Fraction III. This second 

factor was not present in Fraction III from the normal sera. 

Identification of Immunoglobulins: The immunoglobulins 



Table 21 

RELATIONSHIP BETWEEN THE AGGLUTINATING FACTORS AND SERUM' 
IMMUNOGLOBULIN FRACTIONS - FRACTIONS SEPARATED BY GEL FILTRATION 

Se
No . Condition Fract ion
rum 

. 	. 

Serum 
*  

Immunoglobulins 
identified in 
Fraction 

Agglutin- 
ation 
Titre 

1 . Normal Whole serum 1:40 
I IgM 1:20 
II IgA + IgG < 1:10 
III IG 	+ tr.IgA <- 1:10 

2. Normal Whole serum 1:40 
I IgM 	' 1:40 
II IgA + IgG < 1:10 
III IgG + tr.IgA < 1:10 

3. Dermatitis Whole serum 1:640 
herpetiformis I IgM 1:40 

II IgA + IgG 1:10 
III IgG + tr.IgA 1:320 

4. Dermatitis Whole serum 1:320 
herpetiformis I IgM 1:40 

II IgA + tr.IgG 1:10 
III' IgG 1:160 

5. Adult coeliac Whole serum 1:40 
disease I IgM 1:10 

(with subnormal II IgA + tr.IgG. < 1:10 
serum IgM level) III IgG 1:20 

Fractions I, II and III relate to Fig. 17. 

tr. =trace. 
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present in each :of these fractions were identified by immuno-

electrOphoresis, as previously described, and are indicated 

,-. in,;,  Table 21 (Fig. 18A and'B). 

Therefore,'the factor found in the serum of normal 

subjects causing agglutination of L.casei at low serum dilu-

tions was associated with the IgM  serum fraction. This factor 

was also present in the IgM serum fraction of the patients 

studied, in addition to the factor already investigated in 

this thesis which was identified in the ag serum fraction. 

The serum from the patient with adult coeliac disease and a 

subnormal serum IgM level contained both these factors but 

at low titres. 



A 

:‘ 	 - 
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Figures 18A and 18B 

Agar immunoelectrophoresis of whole serum and serum protein 

fractions eluted from the Sephadex G.200 column. 

A. Upper and lower wells - IgM fraction from serum of patient 
_with dermatitis herpetiformis 
(Fraction I) 

Middle well. 	whole serum from same patient 

Upper trough 	- goat antiserum to human IgM 

Lower trough 	-: goat antiserum to human serum 

. Upper and lower wells IgG fraction from serum of same 
patient (Fraction III) 

Middle well 	-'whole serum from same patient 

Upper trough 	- goat antiserum to human IgG 

Lower trough 	-`goat antiserum to human serum 

• 
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SUMMARY AND CONCLUSIONS  

The serum factor which agglutinated L.casei did not 

agglutinate the other organisms tested, i.e. S.faecalis, 

S.faecium, E.coli and L.leichmannii. 	In the process of 

agglutinating L.casei, the factor was found to be adsorbed 

onto the bacterial cells. 

Since the agglutinating factor was not removed from 

serum by dialysis, but was removed when a deproteinized extract 

of serum was prepared, it was concluded to be a material of 

protein nature. It was also shown that destruction of comple-

ment did not affect the agglutinating factor in serum. 

Serum protein fractions were separated by three 

methods, to identify the fraction in which the agglutinating 

factor could be found. 	It was shown, firstly, by separation 

with Rivanol to be present in the serum 1-globulin fraction; 

secondly, by salt precipitation to be in the crudely separated 

IgG fraction, but some of the fractions that agglutinated the 

organisms were contaminated with IgAi finally, it was demon-

strated using column chromatography that the factor causing 

agglutination of L.casei at serum dilutions greater than 1 in 

40 was present in a pure fraction of IgG. An additional 

factor which agglutinated L.casei at serum dilutions not 

greater than 1 in 20 or 1 in 40, which would therefore 
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not affect the serum folate assay values, was demonstrated 

in the IgM serum fraction of both normal subjects and the 

patients studied. The immunoglobulins present in the 

fractions were identified by immunoelectrophoresis. 



PART V' 

DISTRIBUTION OF THE AGGLUTINATING FACTOR IN DIFFERENT DISEASES  
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The distribution of the abnormal agglutinating 

factor in different diseases was investigated not only because 

it affected the L.casei assay of serum folate but also because 

of its own intrinsic interest. 

In order to show this distribution, a total of 290 

sera were examined for its presence using either the slide 

agglutination technique or the effect on the growth response 

of L.casei to standard concentrations of PteGlui  and in some 

cases by both methods. Because the agglutinating factor was 

first demonstrated in patients with adult coeliac disease, it 

was decided to study the incidence of this factor in related 

malabsorption syndromes. Furthermore, as folate deficiency 

is common in adult coeliac disease, patients with other folate .  

deficiency states were also studied. For comparison with 

these selected groups of patients, a group of normal subjects 

was studied, and a group of hospital patients suffering from 

a variety of disorders. 

1. 	Subjects Studied and Diagnostic Criteria  

(a) Normal subjects. Sixty normal healthy subjects were 

selected at random from the staff and students of Hammersmith 

Hospital and St. Bartholomew's Hospital, London. Their ages 

ranged from 20 to 60 years; 
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(b). Coeliac Disease. 	In all, 76 patients with coeliac 

disease were studied; 74 patients with adult coeliac disease 

whose ages ranged from 15 to 72 years, and two coeliac child-

ren aged 8 years. Fifty-four of these patients were untreated; 

of these, 44 were under the care of Professor C.C. Booth, 

Hammersmith Hospital, and 10 under the care of Dr. A.M. Dawson, 

St. Bartholomew's Hospital. Four of the patients were also 

studied after they had been treated with a gluten-free diet. 

Twenty-two patients (under:the care of Professor C.C. Booth) 

with adult coeliac disease, who had been on gluten-free diets 

for varying lengths of time up to 15 years were also investigated. 

These patients all showed an unequivocal abnormal 

proximal intestinal mucosaon biopsy (Holmes, Hourihane and 

Booth, 1961) and evidence of abnormal intestinal absorptive 

function shown by malabsorption of xylose or folic acid and 

fat (,Stewart, Pollock, Hoffbrand, Mollin and Booth, 1967),. 

They did not show any evidence of other conditions known to 

be associated with an abnormal intestinal mucosa, e.g. tropical 

sprue (Bahr, 1915;: Milanes, Leon and Causa, 1951; Butterworth 

and Perez-Santiago, 1958; England and O'Brien,. 	1966), hypogamma- 

globulinaemia (Pelkonen, Siuvala and Vuopio, 1963), lymphosarcoma. 

of the: small intestine (Gough, Read and Naish, 1962; Shearman, 

Girdwood, Williams and Delamore, 1962), other malignancies 
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(Creamer, 1964), or dermatitis herpetiformis (Marks, Shuster 

and Watson, 1966; Fraser, .Murray and Alexander, 1967; Fry, 

Keir, McMinn, Cowan and Hoffbrand, 1967;: Fry, McMinn, Cowan 

and Hoffbrand, 1968; van Tongeren, van der Staak and Schillings, 

1967). 

(c) Dermatitis Herpetiformis. 	The patients suffering from 

this condition were selected because of its possible relation-

ship with adult coeliac disease (Marks et al., 1966; Fraser 

et al., 1967; Fry et al., ;1967, 1968; Van Tongeren et al., 

1967). 

Twenty-two patients were studied,. 20 of whom were 

attending the skin clinics at the London Hospital and East 

Ham Memorial Hospital, the sera being supplied by Dr. L. Fry;. 

the other two patients were from St., Bartholomew's Hospital. 

The diagnosis of the diseas.e was made on clinical and histo-

logical grounds and was confirmed by the striking response of 

their characteristic skin lesions to dapsone (Fry et al., 1967). 

Eighteen of these patients had had small-intestinal biopsies 

performed while on treatment with dapsone, and 15 of them 

showed partial villous atrophy of the jejunal mucosa. similar 

to that which may be found .in adult coeliac disease. Evidence 

of abnormal intestinal function was usually present. 
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(d) Tropical Sprue. 	Nineteen patients were studied; 11 

of these were members of the British Army who were resident 

in or had recently returned from Singapore or Hong Kong and 

and were suffering from acute tropical sprue. Serum from 

these patients was supplied by Colonel W. O'Brien, Colonel 

N.W.J. England and Major B.:  Simpson. The other 8 patients 

were suffering from chronic tropical sprue; 5 were under 

the care of Professor D.L. Mollin and Professor C.C. Booth 

at Hammersmith Hospital, and 3 under the care of Colonel.  

W. O'Brien at Queen Alexandra's Military Hospital, Millbank. 

This diagnosis was made in patients who were suffer-

ing from intestinal malabsdrption and who had at some time 

lived in the tropics (Booth and Mollin, 1964; Mollin, 1967; 

O'Brien, 1968). For descriptive purposes they were divided 

into acute and chronic tropical sprue in patients with 

acute tropical sprue, deficiency of folate is the primary 

deficiency and the condition is reversible by treatment with 

folic acid alone; patients;  with chronic tropical sprue have 

usually suffered from the condition for 6 to 12 months with- 

out treatment, the primary deficiency in the early stages 

may be folate deficiency but later it is,B12  deficiency. 

Unlike patients with acute tropical sprue, patients with

chronic tropical sprue do not respond to treatment with 



folic acid or B12 alone. 

(e) Nutritional Megaloblastic Anaemia: 'Ten patients with 

nutritional megaloblastic anaemia were studied. This diag-

nosis included patients with folate deficiency who had sig-

nificant megaloblastic changes in the bone marrow even if 

their haemoglobin level was within the normal range (Mollin 

and Waters, 1967). The nutritional basis of the anaemia 

was established by demonstrating an inadequate dietary 

intake of folate and by excluding malabsorption and any 

other cause of folate deficiency such as alcohol or drugs. 

Patients with megaloblastic; anaemia of pregnancy, which 

come into this category, are discussed separately., 

(f) Pregnancy: Sera from: 27 pregnant women were included 

in this study. Six of these had megaloblastic anaemia of 

pregnancy, the serum samples of four being taken between 

34 weeks gestation and 7 days after delivery. The other 

21 women were attending the.ante-natal clinic at. Hammersmith 

Hospital and serum samples were taken at various times 

between 15 weeks gestation and parturition. 

(g) Other Conditions: Seventy-six patients suffering from 
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a variety of disorders were included to serve as a control 

group. These were selected initially at random but the 

numbers suffering from certain conditions were later increased 

if it was. found that a serum from a patient suffering from a 

particular condition contained the agglutinating factor. 

The.various conditions studied are listed below: 

No. studied  

Haematological conditions: 

Pernicious anaemia 3 
Sideroblastic anaemia. 1 
Myelosclerosis 1 
Lymphosarc oma • 2 

Gastro-intestinal conditions: 

Partial gastrectomy 
Jejunal diverticulosis 	3 
Crohn's disease 	11 
Ulcerative colitis 	11.  
Liver disease 	 6 

Skin conditions: 

Psoriasis 
Others 

Drugs: 

Anticonvulsants 
Dapsone 
Hydroxyurea.  
Alcohol 

Others: 

Rheumatoid arthritis 10 
Carcinomatosis.  1 
Nephrotic syndrome 1 

TOTAL: - -76 
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2. 	Distribution of the Agglutinating Factor among the  

Subjects Studied 

The results of the investigation into the distri-

bution of the abnormal agglutinating factor among the sera 

studied are shown in Tables 22 and 23. The presence of the 

agglutinating factor in any serum was detected using either 

or both of the two methods previously described and the results 

expressed.  thus: 

(i) Assessed by ihe Effect of the Addition of Serum 

to PteGlu Standards. Using this method results 

were expressed as the percentage recovery of the PteGlu in the 

serum-containing standards calculated at a level of added 

PteGlu of 0.2 ng./ml. (see Fig. 1). . If the recovery of the 

added PteGlu was less than_100% then the serum contained the 

factor which agglutinated L.casei and thus reduced its normal 

growth response to PteGlu. Figure 19 shows the distribution . 

of this factor among all the sera tested by this method. 

(ii) Determining -the Agglutinin Titre by the Slide  

Agglutination Technique. In this method, the 

highest dilution of each serum which would agglutinate the 

L.casei in a slide preparation was recorded as the titre of 

the agglutinating factor. Any serum which was found to have 

a titre above 1:40 was considered to be positive for the 

agglutinating factor. The agglutination titres of all the . 
7 



Table 22  

  

DISTRIBUTION OF AGGLUTINATING FACTOR IN DIFFERENT DISEASES 

Condition Total 
No. 

Sera Containing 
Agglutinating Factor 

Number 	Percentage 

Normal 60 2 3 

Adult Coeliac Disease 
(untreated) 54 74  40 

Dermatitis Herpetiformis 22 15 68 

Tropical Sprue 19 7 37 

Nutritional Megaloblastic 
Anaemia 

10 0 0 

Pregnancy 

Pregnancy -I- M.A. 

21 

6 

6 

4 
37 

Other Conditions 76 7 9 

These conditions are classified in Table 23 



Table 23  

CLASSIFICATION OF THE HOSPITAL CONTROL SUBJECTS STUDIED 

Condition No. Studied 
No. Containing 
Agglutinating. 

Factor 

Haematological conditions: 

Pernicious anaemia 	._ 3 0 
Sideroblastic anaemia 1 0 
Myelosclerosis 1 0 
Lymphosarcoma 2 	. 0 

Gastro-intestinal conditions: 

Partial gastrectomy 3 0 
Jejunal diverticulosis 3 0 
Crohn's disease 11 2 
Ulcerative colitis 11 2 
Liver disease 	. 6 2 

Skin conditions: 

Psoriasis 11 0 
Others 5 0 

Drugs: 

Anticonvulsants 3 0 
Dapsone 2 0 
Hydroxyurea i 0 
Alcohol 1 0 

Others: 
 

_ 
Rheumatoid arthritis 10 1 
Carcinomatosis 1 0 
Nephrotic syndrome 1 0 

TOTAL 76 7 
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F.? 

Figure 19  

Distribution of the L.casei agglutinating factor in serum 

from subjects with different conditions, demonstrated by 

the effect of the addition of 0.2 ml. of serum to the PteGlu 

standards, and calculated as percentage recovery of the 

PteGlu at the 0.2 ng./mle level. 

= patients known to have subnormal serum IgM levels 
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sera'tested by this method are plotted in Figure 20, and 

taking 1:40 as the upper limit of normal it shows the distri-

bution of this agglutinating factor among sera from the 

different conditions studied. 

(a) Normal Subjects, 

Among the sixty apparently healthy individuals 

studied, only two (3%) were found to contain the factor 

which caused agglutination of L.casei. These two indi-

viduals were not known to differ from the others in any 

other respect. However, this factor appeared to be of 

a familial nature since on. subsequent examination of the 

serum of three relatives of one of these individuals, the 

factor was found to be present in the serum of one of her 

parents and a brother. Relatives of the other normal 

subject, whose serum had agglutinated the'organism, were 

not available for study. 

(b) Adult Coeliac Disease  

(i) Untreated patients. Among 54 patients who were 

untreated at the time of study, 40 (74%) were found to contain 

the agglutinating factor to L.casei  in their serum. This 

incidence was the highest among all the conditions studied. 
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Figure 20  

Distribution of the L.casei agglutinating factor in serum 

from subjects with different conditions, demonstrated by 

the slide agglutination technique. 

O 	patients known.to have subnormal serum Ie..' levels 



147 

There was a tendency for the sera from the young adult 

coeliacs in the age group Up to 25 years to show the most 

marked inhibition of growth of the organism (Table 26, 

Appendix IV). 

(ii) Effect of a'•gluten-free diet. In order to 

show the effect of the exclusion of gluten from the diet of 

patients whose serum before treatment had been shown to 

agglutinate the organism, 4 of the above patients were 

followed up for varying lerigths of time up to 19 months 

(Table 24).. All 4 patients showed improvement in their 

clinical and laboratory fidings during this period. 

They also showed a gradual "-reduction in the agglutinating 

factor. 	Three of them gave normal results (i.e. they 

showed more than 100% recovery when added to PteGlu stand-

ards) when the serum,was tested after 13, 10 and 14 months 

respectively. The fourth patient whose serum was investi-

gated using the slide agglutination technique, initially had 

an agglutination titre of 	which was reduced to 1:80 

after 7 months on a gluten-free diet. Further tests on 

this serum have not been carried out. 

A-further 22 patients with adult coeliac disease 

on treatment with a strict gluten-free diet were studied. 

There was a marked contrast'in the results obtained compared 



Table 24  

EFFECT OF A GLUTEN-FREE. DIET ON THE L.CASEI AGGLUTINATING FACTOR 
IN THE SERUM OF 4 PATIENTS WITH ADULT COELIAC DISEASE 

Serum 
No.* 

% Recovery 
of added PteGlu 

• 
.Agglutination 
' 	Titre Treatment 

• 
3. 50 1:320 None 

98 - GFD 	10 weeks 
120 1: 40 " 	13 months 
120 1: 40 " 	18 months 

6. 46 - None 
65 - Partial GFD 	6 weeks 
128 1: 20 GFD 	10 months 	+ 

some folic acid 

17. 50 - None 
72 -- GFD 	3 months 
74 - " 	5 months 
97 , 1: 80 " 	8 months 
110 ' 1: 40 " 	14 months 
119 • 1: 40 " 	19 months 

20. - 1:320 Folic acid 
.. • - 1: 80 GFD 	7 months 

These numbers refer to the sera in Table 26 (Appendix IV) 
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with those for the untreated patients (Fig. 19). 	Sera 

from only 6 of the 22 patients (27%) showed evidence of 

Inhibition of growth of L.casei (i.e. gave less than 100% 

recovery when added to PteGlu standards) and in only one of 

these was recovery less than 90%.- This patient, whose 

serum gave a PteGlu recovery of 75%, was a girl aged 15 

years who had had coeliac disease since childhood and had 

apparently been on a strict gluten-free diet for many years. 

These results indicated that the treatment of 

coeliac disease with .a gluten-free diet for periods greater 

than .7 months effectively reduced the serum factor agglutin-

ating L.casei to within 10%, of the normal limits in all but 

one of the patients studied. 

(iii) Relationship of agglutinating factor to  

immunoglobulin levels. The serum immuno-

globulin levels of the majority of this group of coeliac 

patients were measured concurrently by Hobbs and Hepner 

(1968); serum IgM levels of patients studied after the 

completion of their work have been estimated using commer-

cially prepared immunoglobulin test plates specific for 

quantitation of human YM immunoglobulin (Hyland Immunoplates, 

Baxter Laboratories Ltd., Thetford, Norfolk); 

These studies indicated that the absence of the 
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abnormal agglutinating factor to L.casei  in untreated patients 

was coincident with a subnOrmal serum IN-globulin level. This 

relationship in serum from'40 patients with adult coeliac disease 

is illustrated in Figure 21. All the patients with adult coeliac 

disease whose sera did not agglutinate L.casei either had a sub-

normal YM-globulin level (normal range being 47-170 mg./100 ml.) 

or were on a strict gluten-4ree diet. Fourteen patients with 

untreated coeliac disease, 1,411ose sera did not exhibit the agglut-

inating factor had subnormal serum levels of IgM. However, the 

serum of one patient who 11.4d a low IN-globulin level was found 

to contain the abnormal agglutinating factor. 

There did not appear to be any correlation between the ' 

presence of the agglutinating factor and the other immunoglobulin 

levels in serum. 

(c) Dermatitis Herpetiformis 

Fifteen of the 22 patients (68%) in this group showed 

the agglutinating factor irk their serum. 	As in coeliac disease 

many of the sera which did hot agglutinate L.casei had low IN- 

globulin levels (Table 25, and Fig. 19). 	Thus 5 out of 7 sera 

not showing abnormal agglutinin titres had YM-globulin levels 

of less than 47 mg./100 ml.; on the other hand it was also 

found that the serum of one: patient which did show agglutination 

had a subnormal IgM level. 
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Figure 21  

Relationship between the L.casei agglutinating factor and 

IgM level in the serum of 40 patients with adult coeliac 

disease. 

The presence of the agglutinin at an abnormal level is shown 

by a percentage recovery of PteGlu of less than 100% calcu-

lated at the 0.2 ng./ml. level after the addition of 0.2 ml. 

of serum to the PteGlu standards. 

The vertical broken lines indicate the normal range of 

serum IgM concentrations. 

o : patients on gluten - free diet 



Table 25 

THE RELATIONSHIP BETWEEN THE AGGLUTINATING FACTOR AND 
SERUM YM-GLOBULIN LEVELS IN DERMATITIS HERPETIFORMIS 

Serum 
No. 

% Recovery 
of added PteGlu 

Agglutination 
Titre 

Serum  IgM Level  (mg./100 ml.) 

1. 88 1:640 80 
2. 78 1:320 205 
3. , -1:160 105 . 
4. - .1:160 80 
5. 83  1:160 72. 
6. - 1:160 62 
7. 83 	, 1:160 56 
8. 80 1: 80 210 	• 
9. 1: 80 170 

10. — 1: 80  150 
11. 75  1: 80 69 
12. - 1: 80 66 
13. 88 1: 80 50 
14. - 1:'.80 48 
15. 84 - 25 

16. - 1: 40 65 
17. 133 — 30 
18. 163 1: 40 41 
19. 107 1: 20 140 
20. - 	, 1: 20 41 
21. 133 1: 20 33 
22. 159 1: 20 38 

Sera 1 - 15 inhibited growth of L.casei  

Sera 16 -.22 stimulated growth of L.casei  
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Four patients with dermatitis herpetiformis who had 

the agglutinating factor in their sera were followed-up while 

on treatment with a gluten7free diet for up to 1 year. Though 

their skin, intestinal and haematological conditions improved 

there was no apparent change in the serum L.casei agglutinating 

factor. 

(d) Tropical Sprue  

Seven out of 19 patients (37%) with tropical sprue 

had the agglutinating factdr in their serum. The factor 

occurred more often in the :patients with the acute form of 

the disease - 6 out of 11 patients with acute tropical sprue 

gave positive results compared with only one out of 8 patients 

with chronic tropical spree':. The recovery of PteGlu when 

these sera were added to the standards is shown in Figure 19. 

(e) Nutritional Megaloblastic Anaemia 

None of the ten patients with this condition studied 

showed the agglutinating fabtor to L.casei  in their serum. 

The recovery of PteGlu when:these sera were added to the stand- 

' ards ranged from 100 to 142% with a mean of 122% as shown in 

Figure 19. 
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(f) Pregnancy  

The agglutinating factor to L.casei was found in the 

serum of 4 out of 6 patients with megaloblastic anaemia of 

pregnancy. The serum samples of 2 of these were taken at 

4 and 7 days post partum and the other 2 at 35 and 36 weeks 

gestation. A further group of 21 pregnant women who did not 

have megaloblastic anaemia were studied. In this group, 6 

showed the agglutinating factor to L.casei. These serum 

samples were taken between 36 to 39 weeks gestation. If 

all the pregnant women are considered as a group then 37% 

of them showed this factor in their serum. Seventeen of 

them were estimated by the recovery of PteGlu when serum was 

added to the standards (Fig. 19) giving a recovery range of 

49 to 160% with a mean of 94%. The other 10 were estimated 

by the slide- agglutination technique (Fig. 20) and of these, 

two showed agglutination titres of 1:80 and 1:160 respectively: 

(g) Other Conditions  

The 76 patients studied as a control group are 

classified by diagnosis in Table 23 and among these only 7 

(9%) were found to contain the agglutinating factor to L.casei  

in their serum. Six of these were suffering from gastro-

intestinal conditions, these being Crohn's disease (2), 
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ulcerative colitis (2) and 2 patients with liver disease 

(1 with hepatic fibrosis, the other with portal cirrhosis). 

The seventh patient was suffering from rheumatoid arthritis. 

The distribution of this factor among this control group of 

patients is shown in Figures 19 and 20. 



PART VI 

DISCUSSION 
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1. ANALYSIS OF RESULTS OF INVESTIGATIONS INTO THE SERUM 

FOLATE ASSAY 

The observations-made in this thesis concerning the 

assay of folate in serum show that - the variable range of folate 

concentration in normal subjects reported from different labora-

tories can be attributed to a number of causes. The most 

important factors which influence the folate results obtained 

for any serum are those which are attributable to the assay 

technique itself as opposed to factors which affect the folate 

activity of serum before assay. 	However, for convenience, 

the latter will be discussed first. 

Factors Affecting the Folate Activity of  

Serum .Prior to Assay  

It has previously, been shown that the labile folate 

in serum is protected from ,oxidative destruction by the addit-

ion of ascorbic acid (Toennies et al., 1956; Herbert, 1961; 

Waters, 1963). 	Waters and Mollin (.1961) had recommended the 

addition of dry ascorbic acid to serum before storage at -15°C. 

to -20°C. in order to preserve this activity. 	In fact the 

present results show that.p.rovided ascorbic acid was added to 

the sera, they could remain, at room temperature for up to 14 

days without any appreciablb loss of activity, whereas sera 

to which ascorbic was not added had lost more than 40% of 

folate activity after 7 days (Fig. 2). However, the rate 
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at which folate activity declined in the absence of added 

ascorbic acid was initially not as rapid as might be expected, 

for if clotted blood was allowed.to remain at room temperature 

for 24 hours the serum had similar folate activity to serum 

which was separated from the clot and assayed immediately 

(Table 5). Furthermore, the activity of the serum samples 

kept at room temperature without added ascorbic acid for 

3 days showed a slow initial decline in activity, the values 

being only 9.5% below the initial values after this time. 

It is - possible that the aseorbic,acid content of the serum 

or whole blood samples was sufficient to protect the folate 

from oxidative destruction and prevent a fall in activity 

during the initial period of 24 hours storage. 

It was also shown that, if it is necessary to store 

sera for a prolonged period (1 year or more), then freeze-

drying is an effective method of maintaining the serum folate 

activity. 	This is the method of choice for storing import- 

ant serum samples and for serum which is to be used either ;as 

a continuous reference standard within a department or as a 

control for these assays in' other laboratories around the 

world. Freeze-drying has the great advantage that the 

folate activity of the serum is maintained without the 

necessity of adding ascorbic acid. Thus, the same samples 
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can be used as reference standards for both the folate and 

B
12 

assays without any of the B12 in serum being destroyed 

by ascorbic acid (Lester Smith, 1963; Anderson, 1965). 

Factors Attributable to the Assay Technique  

Three factors in'the assay technique had a consider-

able influence on the folate values obtained and are therefore 

important causes of variable normal ranges. These are first, 

the direct effect of ascorbic acid on the growth of L.casei 

(other than its effect of preserving labile folate); secondly, 

the deleterious effect of light on the assay medium; thirdly, 

the variable effect of serum itself on the growth of the organ-

ism. 

The Influence of Ascorbic Acid on the Growth of L.casei  

Although the beneficial effect of ascorbic acid for 

preservation of folate activity during the assay procedure was 

indicated by Toennies et al. (1956) and Baker et al. (1959) it 

was Herbert (1961) who first showed that ascorbic-phosphate 

buffer had a direct stimulatory effect on the growth of L.casei. 

When he added the same volume of ascorbic-phosphate buffer to 

his standards as was present in the serum assay tubes, he found 

that growth was stimulated. By increasing the ascorbic acid 

concentration from 50 mg.% to 150 mg.% he obtained increased 

serum folate values but obtained no further increase by using 
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a concentration of 350 mg.%. He therefore advised the use 

of 150 mg.%. 	In fact the ascorbic acid concentration of 

his standards would not have been entirely comparable with 

that in his serum assay tubes since he did not autoclave the 

.ascorbic-phosphate buffer before adding it. to the standards. 

It was shown by Dawbarn, Hine and Smith (1958) that only about 

40% of the initial ascorbic acid content remained after the 

autoclaving-procedure. Hence, Herbert's standards contained 

more ascorbic acid than the, serum assay tubes. Had his serum 

values been read from entirely comparable standard curves 

(which would have been lower), they would have given higher 

folate values. 	Also, the plateau of ascorbic acid concen- 

,tration of the buffer, i.e.:where a further increase in con-

centration did not raise the serum folate values when it was. 

added to the standards, would have been at a higher level. 

The use of higher concentrations of ascorbic acid in experi-

ments described in this theis show that the optimal concen-

tration for growth of L.casei  varies from one culture to .  

another. However, increasing the concentration above 200 mg.% 

prior to autoclaving (the level suggested by Waters and Mollin, 

1963) up to 1 gm.% did not Alter the serum folate values 

obtained, provided that they were read from a standard curve. 

which contained the same concentration of ascorbic.acid as 
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the serum assay tubes, i.e. read from standards which contained 

ascorbic-phosphate buffer that had been autoclaved in the same 

way as the serum extracts. This was presumably because growth 

in the standards and in the.  sera was affected by the ascorbic acid 

to the same extent. 

This direct stimulation of growth of L.casei by 

ascorbic acid appears to be, influenced by several factors. 

The most important factor being the assay medium used. 

Throughout most of this work a commercially prepared dry-mix 

medium was used (Difco), and with this medium,stimulation 

varied considerably with the different cultures of L.casei  

used. 	If the difference in optical density of the growth 

at the highest point of the:two standard curves is taken as 

a measure of the stimulation caused by the addition of ascorbic-

phosphate buffer, then the increased growth due to stimulation 

varied between 2% and 22% (Fig. 3A and B). Stimulation of 

growth of L.casei by ascorbic acid using Difco assay medium 

has also been shown by Templrley and Horner (1966).. However, 

Waters and Nollin (1961) reported finding no stimulation of 

growth of L.casei by the addition of ascorbic-phosphate buffer. 

These workers did not use .Difco medium but one which was pre-

pared from enzyme-hydrolysed casein and did not contain addit-

ional tryptophane. When this medium was tested in the present 
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work, there was also no stimulation of growth by ascorbic 

acid. 	However, Spray (1964) modified this mediuM and added 

ascorbic acid to it, which che claimed stimulated the growth 

of the organism and eliminated further stimulation by the 

ascorbic-phosphate buffer in the serum extracts. Using 

this method the standards would still contain less ascorbic 

acid than the serum assay tubes, since these contain addit-

ional ascorbic acid in the jahosphate buffer which might result 

in proportionately greater growth of L.casei compared with 

the standards. 

• Spray incubated his assays for 40 hours and this 

may explain why there was no further stimulation of growth by 

the additional ascorbic-phoOhate buffer; for the effect of 

the ascorbic-phosphate buffer appears to be on the rate of 

growth of the organism. Observations made in this work show 

that the extent of the stimulation of growth depends upon the 

length of the incubation period of the assay. When assays 

were read at 18 hours incubation, considerable stimulation 

of growth in the standards Was obtained by the addition of 

ascorbic-phosphate buffer; with increased incubation the 

growth in the two sets of standards (with and without ascorbic- 

phosphate buffer) became closer. 	After 24 and 40 hours 

incubation there was no stimulation of growth by the addition 
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of ascorbic4Phosphate buffer to the standards and growth in 

the two sets of standards was similar (Fig. 4, Table 10). 

Ascorbic acid therefore appears to increase the rate of 

growth of the organism and the reason for the apparently 

small amount of stimulation of growth with some cultures of 

L.casei  may be that these are faster growing strains which, 

in 18 hours, have. reached the stage reached by other strains 

in 24 hours. To sum up, the effect of ascorbic acid on the 

growth of L.casei  is related to the medium used, the length 

of the incubation period of. the assay and the particular 

culture of L.casei  used. 

When the effect of the addition of ascorbic acid to 

the standards is maximal, there is a marked difference in the 

serum folate values obtained from the two standard curves. 

The values read from the standard curve containing ascorbic 

acid are considerably lower than those read from an "aqueous" 

standard curve after 18 hours incubation. As the incubation 

period was increased, values read from the "aqueous" curve 

approached the values read from the ascorbic-phosphate buffer= 

containing standard curve. The latter values were constant 

and after 24 hours, the values from the two curves were com-

parable. The values read from the "aqueous" curve appeared 

to be erroneously high when read at 18 hours incubation. 
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Temperley and Horner (1966);, whose work was published after 

these experiments were completed, found that if ascorbic acid 

was added to the medium, growth in the standards increased 

more than in the serum-extracts, which also resulted in lower 

serum folate values when read at 20 hours. However, after 

48 hours they found that the serum assay values were similar 

whether or not ascorbic acid was added to the medium. 	It 

is clear that the effect of ascorbic acid on the growth of 

L.casei plays an important part in causing variable serum 

folate results, but this will be influenced by the partic-

ular culture of assay organism used. 

The Influence of Light on the Assay Medium  

Hansen (1964) suggested that the assay medium might 

be sensitive to light but this has not been investigated 

previously.' The results in Fig. 5 indicate that if the 

medium was exposed to direct sunlight during its preparation 

it would not support growth:of L.casei because of the complete 

destruction of riboflavin and partial destruction of vitamin B6, 

Riboflavin is readily destroyed by light and even heating the 

medium in bright daylight (not direct sunlight) was sufficient 

to destroy it partially and-, produce impaired growth in the 

standards. Serum itself contains riboflavin, so the lack of 

riboflavin in the medium exposed to light becomes a growth 
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limiting factor for L.casei in the standards, but not necess-

arily in the serum, and the serum folate values consequently 

appear falsely high. This last finding was most obvious 

at serum folate levels above 8 ng./ml., where normally growth 

is more profuse and hence the requirement for riboflavin 

would be greater. At lower folate levels the medium presum-

ably contains enough riboflavin to support the smaller amount 

of growth. It seemed therefore that variation in the amount 

of daylight present when thp medium was prepared and used for 

the assay could be a significant factor contributing to 

variable results for sera of high folate concentrations, 

and could thus affect the normal ranges found in different 

laboratories. This factor may be of particular importance 

in sunny climates, if adequate protection from sunlight is 

not provided. 

The Influence of Serum on the Growth of L.casei  

The investigations summarized in Figures 7 and 19 

show that serum may have a marked effect on the growth of 

L.casei apart from its fol4P content'. 	Some sera, usually 

from patients with certain well defined disorders, inhibited 

growth because of the presence of a factor which agglutinated 

the organisms at serum dilutions greater than 1:40, i.e. would 

agglutinate the organisms under the conditions used when whole 
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serum was assayed. However, this factor was removed if serum 

was deproteinized prior to assay (Table 19). Reizenstein (1965) 

reported finding no growth inhibitors in serum but in the assay 

method he describes the serum proteins were extracted prior to 

assay. 	It is not clear how he tested for inhibitors but it 

can be assumed that had the inhibiting factor described here 

been present in the sera tested, it would have been removed 

during deproteinization. Assay values for the folate activity 

of sera which agglutinate L..casei under the conditions used in 

the whole serum assay technique are thus erroneously low when 

whole serum is assayed compa=red with a deproteinized serum 

extract (Table 11). The nature and distribution of the 

agglutinating factor in certain sera will be discussed later. 

In contrast to these relatively few sera which 

inhibited the growth of L.casei, the majority of sera slightly 

stimulated growth; this stimulatory factor was not removed 

by deproteinization of serumiand was therefore not a variable 

factor between the two methods of assay. The stimulatory 

effect and inhibitory effect (when present) varied from one: 

serum to another (Fig. 19) and also varied with the volume 

of serum present (Table 16).c The dilutions of serum commonly 

used when assaying whole serum are Lin 100 and 1 in 50. 

Both effects were more striking at a serum dilution of 1 in 50 - 
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a dilution frequently used for the assay of sera likely to 

have low folate concentrations. For this reason a serum 

dilution of 1 in 50 was used to study the incidence of the 

agglutinating factor using the whole serum assay technique 

(Fig. 19). 	Although both effects were still present at a..  

serum dilution of 1 in 100 (Table 16), they would not be of 

importance in affecting serum folate assay values. Because 

of the variable effect of individual sera on the growth of 

L.casei, it was not feasible to add low-folate serum to the.. 

standards to make them strictly comparable with the sera 

being assayed, as recommended by Anderson (1964) for the 

assay of serum B
12 using Euglena gracilis. 

Conclusions  

The assay of whole serum has certain technical 

advantages over the deproteinization method. It involves 

less manipulations, there is less chance of any folate 

activity being lost during the procedure since the serum is 

not autoclaved and finally, ithe minimum volume of serum 

required for assay is less. i However, the volume of serum 

required isInot generally of importance except when infants 

are studied. The main disddvantage of assaying whole serum 

was the presence of the factor in certain sera which inhibited 

the growth of L.casei under !the assay conditions. 
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The presence of this factor in certain sera was 

also the principal cause of variable assay results between 

the two methods, because it agglutinated the organisms and 

resulted in falsely low values (Table 11). 	The factor 

contributing most to variable assay results using the de-

proteinized serum method was the stimulatory effect on the 

growth of L.casei  of the ascorbic-phosphate buffer, which 

was used to prepare the serum extracts. Other factors, 

common to both methods, also contributed to the variability 

of the assay values. These were the deleterious effect of 

light on the assay medium causing destruction of riboflavin 

and B6, and the slight stimulatory effect of most sera and 

serum extracts on the growth of L.casei.  

The results given). in Table 10 indicated that if the 

deproteinized serum extract. method was used values read from 

the "aqueous" standard curve (using Difco medium) after 18 

hours incubation were probably falsely high, which confirmed 

the views of Herbert (1961). 	This was also indicated by 

the mean recovery of PteGlu, added to sera and assayed by 

this method being 138% (Table 14). Nevertheless serum 

folate values obtained by this method closely approximated 

those obtained by assaying Whole serum (see page 78 ). 

This is probably because some folate activity is lost during 
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the double autoclaving procedure of assaying deproteinized 

serum; the effect of this loss is compensated for when the 

values are read from a standard curve not containing ascorbic 

acid, for then the curve is lower and the serum folate values 

are higher. In contrast, the values read from the standards 

containing ascorbic-phosphate buffer in the deproteinization 

method are probably lower than the true values because of the 

serum folate activity lost in the double autoclaving proced-

ure mentioned above, which is not compensated for artificially. 

Nevertheless, even under these circumstances, the mean recovery 

of PteGlu added to sera and;assayed by this method was 108%. 

This figure may have been elevated by the stimulatory effect 
7 

of serum extracts on the growth of L.casei.  

The serum folate values read from the standards 

containing ascorbic-phosphate buffer in the deproteinization 

method are lower than the values obtained by the whole serum 

assay, which are probably closest to the true values, except 

for those sera which agglutinate the organisms at titres 

greater than 1:40. 	In the ,Whole serum assay, any stimulatory 

effect of ascorbic acid is similar for the standards and the 

sera being assayed. Also, there is no loss of activity due 

to autoclaving of the serum.: This is reflected in the mean 

recovery figure for PteGlu added to sera when assayed as whole 
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serum which was 115%, and which presumably also reflects the 

stimulatory effect of most.sera on the growth of L.casei.  

This factor is common to both the deproteinized and whole 

serum assay methods, and explains why the PteGlu recovery 

figures are above 100% for:each method. 

It is apparent from these investigations into the 

serum folate assay that, if comparable results are to be 

obtained from one laboratory to another, the factors 

discussed above must be taken into consideration. 
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2. SERUM FACTORS OTA'SR THAN FOLATE WHICH AFFECT THE GROWTH  

OF L.CASEI  

The investigations into the serum folate assay which 

have already been discussed, show that serum itself contains 

factors: other than folate which directly affect the growth of 

L.casei. Most of the sera studied contained a factor which 

stimulated the growth response of the organism to folate. 

This stimulatory effect was, on the whole, marginal at serum 

dilutions of 1 in 100 but more marked, at dilutions of 1 in 50 

(Table 16). These are the dilutions at which whole serum is 

usually assayed. 

This stimulatory effect of serum was not removed by 

the preparation of a deproteinized extract of serum and was 

therefore present whichever assay method was used. Further-

more, it was largely removed by dialysis of serum (Table 18), 

and it appeared to be a non-protein growth factor for the 

organism which was deficient in the assay medium. Presumably, 

if the mediUM - Completely supplied all the. requirements necess-

ary for±eptimal growth of L.casei, other than folate, the 

stimulatory. effect of serum would not occur. Further investi-

gations into this factor are not included in this project, but 

will be carried out in the future. 

Certain sera contained a factor which inhibited the 

growth of L.casei under the conditions used when assaying_ 
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whole serum. This inhibition has been shown to be due to 

agglutination of the bacteria, which occurred when these sera 

were present even at dilutions greater than 1:.40. This was 

the highest dilution at which serum from most normal subjects 

would agglutinate L.casei. When present, this factor was the 

major cause of differences between the folate values obtained 

by assaying whole serum or deproteinized serum (Table 11). 

The nature and distribution of this inhibitory factor have 

been studied in normal subjects and patients with various dis-, 

orders in, order to show the significance of the factor. 

Chemical Nature of the Agglutinating Factor  

The L.casei agglutinating factor is probably a protein, 

for it was not removed by- dialysis of serum, was not present in 

a heat deproteinized serum extract and was identified in certain 

% protein fractions of serum. Several methods of fractionation 

0 Serum proteins were employed in order to identify this factor 

with. asparticular serum protein fraction. Since the antibody- , 

actiVO'Proteins in serum are gamma-globulins (Tiselius and Kabat,  

1938), and this factoi% had antibody-like activity towards L.casei, 

particular attention was paid to the 1-globulin serum fraction. 

Serum 1-globulins with antibody activity were collect-

ively termed immunoglobulins by Heremans (1959). Five classes of 

immunoglobulins are currently known, but most antibody molecules 
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YM(IgM) globulins (Bull.Wld Hlth Org., 1964). 	The abnormal 

L.casei  agglutinating factor was studied in serum from selected 

patients with adult coeliac disease and dermatitis herpetiformis. 

It was demonstrated first in a crudely separated fraction of IgG 

(Table 20). Subsequent separation of sera on anion-exchange 

cellulose columns (Sober and. Peterson, 1958; Fahey and Horbett, 

1959) produced pure fractions of IgG. This enabled the agglut-

inating factor in the serum of these particular patients to be 

definitely correlated with the IgG fraction. Since this factor, 

which is present at high titres in the serum of the patients 

mentioned above, appeared to be an IgG antibody, it was possible 

that the factor in the serum of normal subjects and some other 

patients which had a low L.casei  agglutination titre was also 

an IgG antibody. However, as many antibodies found in normal 

subjects: and patients with different diseases are IgM antibodies, 

this was investigated further. It was not_possible to obtain 

a pure fraction of serum IgM using the DEAR column (Vaerman, 

Heremans and Vaerman, 1963),, therefore a gel filtration method 

was used to fractionate serum from selected subjects in order 

to study the antibody to L.casei. 	In normal subjects, the low 

titre agglutinin was identified in.thes)IgM serum fraction and 

the IgG agglutinin was not present. However this IgM agglutinin 
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was found, not only in the serum of the normal subjects, but 

also in the serum of the patients whose fractionated sera con-

tained the abnormal IgG antibody, which agglutinated L.casei  

at high serum titres. (Table 21). 

As a•result of these investigations, it was established 

that there are two factors which may be present in serum and will 

agglutinate L.casei.  The factor in the IgM serum fraction was 

present in both the normal subjects and the patients, whose sera 

were fractionated, and was presumably responsible for the L.casei  

agglutination titre of 1:20 or 1:40 found in the majority of 

normal and control subjects studied. This suggests that there 

was either a remarkably constant antigenic stimulus in these 

subjects or that this agglutinin was of the type that has been 

called a "natural" antibody (Kuhns, 1956; Michael and Rosen, 

1963). • But the evidence that natural antibacterial antibodies 

occur now appears to be doubtful and it is probable that it is 

an acquired IgM antibody of the type found against gram-negative 

enteric organisms (Fahey, 1965a; 1965b; Schwartz, 1966). 

However, it did not agglutinate E.coli or the other organisms 

tested (see page 102). Because the highest titre at which 

thifi factor was demonstrable was 1:.40 it did not affect the 

growth of L.casei at the serum dilutions used in assaying folati 

in serum. 
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The agglutinating factor in the Igg serum fraction 

of certain patients, may be an antibody produced as a result 

of an immune reaction to bacteria, since the predominant form 

of most of the antibacterial antibodies have been reported to 

be in the IgG class of immunoglobulins (Fahey, 1965a; Janeway, 

1966; Schwartz, 1966). 	It may be a secondary response to the 

antigen which stimulated the formation of the IgM antibody. 

This type of response has been extensively documented and was 

clearly demonstrated by Lospalluto, Miller, Dorward and Fink 

(1962) in their work on antibody formation in adult humans in 

response to typhoid and paratyphoid antigens. They showed 

that, in response to typhoid H and paratyphoid A and B antigens, 

IgM antibodies were initially formed, followed by IgG antibodies. 

On the other hand, when typhoid 0 antigen was given the agglut-

inin.response was entirely-in the IgM class. When a booster 

dose was given 15 years after initial immunization, the typhoid 

0 agglutinins were still entirely in the IgM fraction whereas 

the other antibodies tested were chiefly in the IgG fraction. 

This demonstrated that some antigens, usually particulate anti-

gens such as bacteria, stimulate the formation of antibodies 

which remain in the IgM class of immunoglobulin (Torrigiani 

and &AU, 1965; Janeway, 1966; Schwartz, 1966; Holborn:1w, 

1967). The IgM factor described in this thesis probably falls 
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into this category. 

However, as shown above, some antigens initiate a 

primary antibody response in the IgM class and a secondary 

response in the IgG cUiss (Lospalluto et al., 1962; Smith 

and Eitzman, 1964; Fahey, 1965bY 	It is possible that the 

IgG antibody investigated in this thesis was a secondary res-

ponse to very large doses of the antigen which initiated the 

IgM antibody formation, because it was found in only a limited. 

number of subjects mostly with certain well-defined disorders 

often associated with growth of an abnormal number of gram- 

negative organisms in the small intestine, but like the IgM 

antibody, it did not affect E.coli or the other organisms 

tested. However, this is unproven and it remains possible 

that it is an immune response to another antigen. 

Distribution and Significance of Abnormal Titres of the L.casei  

Agglutinating Factor in Sera 

The distribution of abnormally high titres of agglutinin 

to L.casei was studied in serum from 290 subjects. A serum titre 

of 1:40 was considered to be the upper limit of normal. The 

studies referred to above suggest that high titres of this agg-

lutinin are, associated with an antibody in the IgG serum fraction. 

This agglutinin was first found in the serum of a patient with 

adult coeliac disease and therefore as many patients as possible 

with this disease were included in the study. The other subjects 



177 

studied included patients with other folate deficiency states 

as well as patients in hospital with a variety of other diseases. 

In addition, a group of 60 normal subjects was studied (Tables 

22, 23). 

The highest incidence of a high titre of L.casei  

agglutinin was found in the group of patients with untreated 

adult coeliac disease (74% of 54 patients). The only patients 

in this group whose sera showed no evidence of this factor at 

titres greater than 1:40 were also noted to have subnormal levels 

of serum IgM (Fig. 21). Serum IgM levels were measured in 28 

selected patients with untreated adult coeliac disease, includ-

ing the 14 patients whose serum did not have abnormal agglutin-

ation titres. Of these 28 patients, 15 (54%) had subnormal 

serum IgM levels. However, the correlation between the IgM 

level and the titre of L.casei agglutinin was probably not as 

close as this suggests. Hobbs and Hepner (.1968) reported that 

61% of their patients withl untreated adult coeliac disease had 

subnormal serum IgM levels, whereas only 26% of the 54 patients 

with this disease, studied in this thesis, had normal titres of 

L.casei agglutinin. In other words, a low serum IgM level 

does not necessarily mean that the agglutinin titre will be 

1:40 or, less. FUrthermore, a low or normal agglutinin titre 

in i-patient with untreated adult coeliac disease and a subnormal 
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serum IgM level does not mean that the IgG antibody is absent, 

but that it is present at a low titre. This low titre, if 

combined with an exceptionally low titre of IgM antibody to 

L.casei (because of the low concentration of serum IgM), might 

not raise the titre_of the whole serum above 1:40. The results 

obtained on the separated Ig fractions of serum from a patient 

with adult coeliac disease and a low IgM concentration, given 

in Table 21, support this hypothesis. There was a definite 

correlation for the converse of this concept, i.e. in all 

patients with untreated coeliac disease (adult or child) the 

absence of an abnormally high titre of L.casei agglutinin was 

coincident with a subnormal serum IgM level. Surprisingly, 

there did not appear to be any relationship between the serum 

IgG level and the presence of a high or low titre of this factor. 

The presence of high titres of the IgG antibody in 

coeliac disease was related in some way to the presence of gluten 

in the diet of these patients (Table 24, Fig. 19). 	The improve- 

ment in intestinal structure and function resulting from treat-

ment with a gluten free diet was associated with a gradual loss 

of the serum factor which agglutinated L.casei (Table 24). 	It 

therefore seems that this factor is related to improvement of 

the condition and parallels the severity of the disease. 

A high incidence of the L.casei agglutinating factor 
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was also found in the patients with dermatitis herpetiformis; 

68% of a group of 22 patients had abnormally high titres of 

this factor in their serum. This condition has a number of 

features in common with adult coeliac disease; steatorrhoea, 

folate deficiency,-  abnormaljejunal mucosae, and the high inci-

dence of this abnormal agglutinin is further suggestive evidence 

of a relationship between these two diseases (Fry et al., 1967). 

However, in contrast to the patients with adult coeliac disease, 

the patients with dermatitis herpetiformis who were treated 

with a gluten free diet did not show any reduction in their 

serum agglutination titres to L.casei  (Fry et al., 1968), even 

after a year on the diet. This indicated that the antibody 

to L.casei  was not entirely related to gluten - sensitivity, 

and may indicate that the pathogenesis of these conditions 

is different. 

In addition to adult coeliac disease and dermatitis 

herpetiformis, it is of interest that high titres of the anti-

body commonly occurred in tropical sprue (37% of 19 patients). 

The pathogenesis of this condition appears to be entirely 

different from that of adult coeliac disease but the changes 

in intestinal function and 'structure may be very similar, 

which suggests that the antibody develops as a result of ab-

normalities in the intestinal mucosa. High titres of the 
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agglutinin were also found in a small percentage of patients 

with ulcerative colitis (2 in 11) and Crohn's disease (2 in 11), 

which are also associated with abnormalities of the intestinal• 

mucosa, and in a few patients with rheumatoid arthritis (1 in 10) 

and liver disease (2 in 6). 

The reason for the presence of the abnormal agglutinin 

in all these different conditions is uncertain. Many of the 

disorders referred to above are immune and probably autoimmune 

conditions (Broberger and Perlman, 1959; GUkcen, 1962; 

Broberger, 1964; Taylor, 1966; Wright, 1967; Hall, 1968). 

.The diseases of the intestinal tract may be caused or perpet-

uated by auto-antigens or exogenous antigens such as dietary 

or bacterial particles. The exogenous antigen in coeliac 

disease is the gliadin fraction of wheat or-:rye gluten (Dicke, 

1950; Anderson, Frazer, French, Gerrard, Sammons and Smellie, 

-1952; van de Kamer, Weijers and Dicke, 1953; French, Hawkins 

and Smith, 1957). An extensive literature covers the investi-

gations which have been made into the immunological aspects of 

coeliac disease. Antibodies to gliadin and some milk proteins 

in the serum of a significant number of patients with coeliac 

disease have been demonstrated (Berger 1961; Taylor, Thomson, 

'Truelove and Wright, 1961; 'Heiner, Lahey, Wilson, Gerrard, 

Shwachman and Khaw, 1962; Alarcon-Segovia, Herskovic, Wakin, 
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Green and Scudamore, 1964; Hivel, Kearns and Liebowitz, 1964). 

Furthermore, patients with coeliac disease and ulcerative colitis 

have been shown to have high titres of a number of serological 

reactions not only to wheat gluten but also to cow's milk pro-

teins (Gray, 1961; Taylor and Truelove, 1961; Taylor, Truelove 

and Wright, 1964). 	It is possible that in these conditions the 

agglutinin to L.casei present in serum at titres greater than' 

1:.40 is a non-specific antibody to L.casei which is related to 

other antigens reactive in these diseases. It was found in 

only 2 out of 60 apparently normal subjects studied. This may 

reflect an underlying abnormal immunological state in these 

subjects and/or a predisposition towards development of one of 

the gastrointestinal or other conditions with which it has been 

related.. 

However, as has been pointed out, many of these diseases 

in which a high level of agglutinin to L.casei are found are 

conditions in which there may be increased bacterial growth in 

the small intestine and this may be related to the production 

of the abnormal IgG antibody, but so far there is no direct 

evidence for this. 

Apart from its effect on the whole serum folate assay, 

the clinical significance of the abnormal antibody is as yet 

uncertain. However, the presence Of a high titre of agglut- 
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inin to L.casei in a patient with megaloblastic anaemia due to 

folate deficiency, would suggest that the diagnosis was adult 

coeliac disease or tropical .sprue and not nutritional megalo-

blastic anaemia. 

Finally, one group of subjects with a relatively high 

incidence of an abnormal L.casei  agglutinin titre have not been 

investigated in detail or discussed. This is the group of 

pregnant women in which the agglutinin titre was abnormally 

high in the serum of 37% of the 27 subjects studied. None 

of these sera were fractionated, therefore it is not certain 

that the high titre of agglutinin to L.casei in the serum of 

these subjects was also due to the IgG antibody found in the 

other sera. Clearly, this provides a further field for study. 

Conclusions  

The majority of sera studied were found to have a 

stimulatory effect on the'growth of L.casei apart from their 

folate content. This effect was present in both whole and 

*deproteinized serum. 	It was concluded that this probably 

reflected some deficiency in the assay medium for optimal 

growth of L.casei. 

The factor found ,in the serum of selected patients 

with certain conditiOns, particularly adult coeliac disease 

and dermatitis herpetiformis, which inhibited the growth of 
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L.casei  by agglutinating the organisms under the conditions 

used when assaying folate in whole serum, was isolated in the 

IgG fraction of these sera. The presence of this factor in 

serum could raise the agglutination titre from the normal level 

of 1:20 or 1:4Q to titres as high as 1:640 in some cases. 	It 

was concluded that it was an IgG antibody to L.casei  which 

caused this agglutination. It was also demonstrated that an 

agglutination titre of 1:40 did not exclude the possible presence 

of the IgG antibody in serum at a low titre. 

Further investigations demonstrated that the agglut—

ination titre of 1:20 or 1:40 found in the serum of normal sub-

jects was caused by an antibody to L.casei  which was isolated 

in the IgM serum fraction. It was found, not only in the serum 

of normal subjects, but also in the patients' sera.which contained 

the IgG antibody. Since the IgM antibody did not appear to 

agglutinate the organisms at serum dilutions greater than 1 in 40, 

it did not affect serum folate assay values and therefore, from 

the point of view of this thesis, was of less importance than 

the finding of the IgGLantibo'dy to L.casei  which did influence 

the serum folate assay values. 



APPENDICES 



185 

APPENDIX I 

PREPARATION OF L.CASEI IN DRIED GELATIN DISCS  

This method was developed by Stamp (1947) and used 

for the preservation of L.casei by Waters and Mollin (1961) 

and Waters (1963). 

MATERIALS  

1. Lactobacillus easel NCIB 8010, in a dehydrated form, 

were obtained from:- 

National Collection of Industrial Bacteria, 
Terry Research Station, 
Aberdeen, Scotland. 

2. Nutrient Gelatin (Bacto Nutrient Gelatin - Difco) 

A solution containing 2.56 g. in 20 ml. distilled 

water was prepared. A 10 ml. aliquot of this in a universal 

container was autoclaved at 15 p.s.i. for 15 minutes, kept at 

room temperature for 48 hours and reautoclaved -to ensure sterility. 

3. Maintenance Broth (Bacto Lactobacilli Broth AOAC - Difco) 

Prepared as directed by the manufacturers. 	10 ml.  

aliquots of broth in universal containers were autoclaved twice, 

as abovb, to ensure sterility. 

PROCEDURE 

Sterile precautions were taken throughout the prepar- 

ation of the dried discs. 
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Cultures  

(i) Dehydrated organisms were transferred from the ampoule  

into 10 ml. maintenance broth and incubated at 37°C. for 
24 hours. 

(ii) 0.5 ml. of culture (i) was transferred into a further 10 ml. 

maintenance medium and incubated at 37°C. for 7 hours. 
(iii) 0.5 ml. of culture (ii) was subcultured as before and 

incubated at 37°C. for 21 hours. 

Culture (iii) was centrifuged at approximately 2,000 

r.p.m. for 5 minutes and the supernatant discarded. 	The 

packed cells were resuspended in 10 ml. molten nutrient 

gelatin (at 37°C.), to which 20 mg. ascorbic acid was 

added, and the solution gently mixed. 

Preparation of Discs  

Discrete drops of the suspension of cells were delivered 

on to a waxed surface (carton tops or petri dishes) by means of a 

Pasteur pipette (30 drops /ml.). 	These were dried for 2-3 days 

at room temperature in a dessicator containing P205, which was 

evacuated to a partial vacUum. When dry, the drops formed thin 

discs which could be dislodged from the waxed surface by tapping 

or with a sterile scalpel. The dried discs were transferred into 

sterile test tubes, plugged with cotton wool, and stored at'room 

temperature in a dessicator over P205 protected from light. 

To obtain a subculture of L.casei, a disc was touched 

with a warm sterile platinum loop•, to which it adhered, trans-

ferred into 10 ml. maintenance broth and incubated at 37°C. for 

16-24 hours. 
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APPENDIX II 

COMPOSITION OF DIFCO BACTO FOLIC ACID CASE1 MEDIUM* 

REAGENTS 	CONCENTRATION  
(per litre)** 

CharCoal treated 'casitone 	10 	E- 
'Bacto-dextrose 	 40 	g. 
Sodium acetate 	 40 	g. 
Dipotassium phosphate 	1 	g- 
Monopotassium phosphate 	1 	g- 
DL-tryotophane .- 	200 	mg. 
L-asparagine 	 600 	mg. 
L-cysteine hydrochloride 	500 	mg. 
Adenine sulphate ' 	10 	mg. 
Guanine hydrochloride 	10 	mg.- 
Uracil' 	 10 	mg. 
Xanthine 	 20 	mg. 
Tween 80 	 100 	mg. 
Giutathione (red*ed) 	5 	mg. 
Magnesium sulphate 	400 	mg. 
Sodium chloride ; 	20 	mg. • 
Ferrous sulphate 	20 	mg. 
Manganese sulphate . 	15 	mg. 
Riboflavin 	 1 mg. 
p-Aminobenzoic acid • 	2 	mg. 
Pyridoxine hydrochloride 	'4 	mg. 
Thiamine hydrochloride 	0.4 mg.- 
Calcium pantothenate 	0.8 mg.. 
Nicotinic•acid 	 0.8 mg. 
Biotin 	 0.02 mg.. 

Difco Laboratbries, Detroit, Michigan, U.S.A. 

* * 	This is the concentration per litre of rehyd- 
rated double Strength:basal medium. To re-
hydrate the dry-mix medium, 9.4 g. is dissolved 
in 100 mi. distilled water and heated to boiling.  
for 2-3 minutes. 	Final pH of medium is. 6.8.. • 
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APPENDIX III  

COMPOSITION OF DOUBLE STRENGTH BASAL MEDIUM PREPARED  
FROM ENZYME-HYDROLYSED CASEIN* 

REAGENTS CONCENTRATION 
(per litre) 

 

Enzymatic casein bydrolysate (i) 	200 	ml. 
Dextrose (anhydrous) 	40 	g- 
Sodium acetate (anhydrous) 	40 	g. 
Dipotassium phosphate 	1 	G. 
Monopotassium phosphate 	_1 	g. 
L-asparagine monohydrate 	600 	mg. 
L-cysteine hydrochloride 	500 	mg. 
Adenine sulphate 	 10 	mg. 
Guanine hydrochloride 	10 	mg. 
Uracil 	 10 	mg. 
Xanthine 	 20 	mg. 
Tween 80 solution (0.5%) 	20 	ml. 
Glutathione (reduced) 	5 	mg. 
Salt solution (ii) 	10 	ml. 
Manganese sulphate,(added after 	200 	mg. 

pH adjusted) 
Riboflavin 	 1 mg. 
p-Aminobenzoic acid 	2 	mg. 
Pyridoxine hydrochloride 	4 	mg. 
Thiamine hydrochloride 	0.4 mg. 
Calcium pantothenate 	0.8 mg. 
Nicotinic acid 	 0.8 mg. 
Biotin 	 0.02 mg. 

(1) Sterile 5% solution of enzyme-hydrolysed 
vitamin-free casein (Nutritional Biochemicals 
Corporation, Cleveland, Ohio). 

(ii) 1 ml. contains 40 mg. MgS0A.7H2O; 2 mg. NaCl; 
2  mg. -FeP- :7H20; 1.5 mg.MnSd4.H20. 

Final pH of medium 6.6 - 6.8. 

As described by Waters and Mollin (1961).  
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Table 26 (Appendix IV) 

INCIDENCE OF THE AGGLUTINATING FACTOR IN THE SERUM OF 
PATIENTS WITH COELIAC DISEASE (UNTREATED) 

Serum 
No. Age 

% Recovery 
of 

added PteGlu 

r 
Agglutination 

Titre 

History of 
Childhood 

Coeliac Disease 

1. 8 42 - Yes 
2. 8 * 120 - Yes 
3. 15 ' 50 - Yes 
4. 15 94 	

. 
- Yes 

5. 17 . 77' - Yes 
6. 18 46 - Yes 
7. 18 64 - Yes 
8. 19 81 - Yes 
9. 19 43 *'1:160 Yes 
10. 19 65 * 1:160 Yes 
11. 19 * 136 - Yes 
12. 20" 49 - Yes 
13. 22 78 - Yes 
14. 24 94 - Yes 
15. 24. . * 112 - No 
16. 24 75 1: 80 - 
17. 26 50 - No 
18. '27 77 1:640 No 
19. 27 76 * 1:160 No 
20. 27 - 1:320 Yes 
21. 29 90 - No 
22. 31 * 101 - No 
23. 31 89 - Yes 
24. 33 * 117 - Yes 
25. 35 85 1: 80 - 
26. 36 64 * 1:160 - 
27. 36 84 1:160 - 
28. 36 * 166 - Yes 
29. 38 76 	' - Yes 
30. 38 83 - - 
31. 40 * 150 - Yes 
32. 42 * 113 - - 
33. 42 68 * 1:160 No 
34. 43 * 103 - - 
35. 46 92 - Yes 
36. 46 98 - Yes 
37. 47 - 1:320 No. 
38. 48 90 1: 80 No 
39. 50 - 1: 80 - 
40..52 52 - No 
41. 53 * 126 - No 
42. 54 71 1:640. No 
43. 54 61 	' .*. 1:160 No 
44. 58 98 - No 
45. 58 * 128 - - 
46. 59 .  

129 1: 40 - 
47. 60 * 142 - No 
48. 63 * 	87 - No 
49. 64 96 - - 
50. 
51. 

64 47 
* 119 65 - 

- 	- 
- 

No 

52. 67 88 1:160 - 
53. 69 77 - Yes 
54. 72 88 1:320 No 

* Sera known to have subnormal YM-globulin levels. 

Sera which had been stored at -150C. for more than 2 years 
before their agglutination titre was estimated. 
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W.12 
THE microbiological assay of serum-folate using 

Lactobacillus casei is widely used as a test for folate 
deficiency. With this assay, subnormal serum-folate 
levels are invariably found in patients with megaloblastic 
anxmia due to folate deficiency (Herbert et al. 1960, 
Cooper and Lowenstein 1961, Waters and Mollin 1961, 
Hansen 1964) and the assay can be used to diagnose folate 
deficiency in the absence of anemia (Herbert 1962). 

One disadvantage of the assay is the wide variation in 
the levels reported by different laboratories (Mollin and 
Hoffbrand 1965). A similar wide variation has been noted 
in the results of serum-B1, assays with the Euglena gracilis 
(Mollin and Ross 1957). In the B,, assay the variation was 
due to a direct but variable inhibitory effect on the growth 
of Euglena gracilis by a material (probably protein) present 
in serum (Anderson 1964). We therefore investigated 
whether serum has a direct effect on the growth of L. casei, 
other than that of its folate content. 

Preliminary observations indicated that serum-extracts 
(serum from which the proteins had been precipitated in 
phosphate buffer) from healthy people and from patients 
with a wide variety of disorders directly stimulated the 
growth of the L. casei in a folate-deficient medium, more 
than could be accounted for by the naturally occurring 
serum-folate. Whole serum from healthy people and from 
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many of the patients had a similar effect but whole serum 
from almost all patients with idiopathic steatorrhcea and 
tropical sprue and from a proportion of patients with other 
conditions (e.g., pregnancy and liver disease) inhibited the 
growth of the organism. 

The significance of this inhibitory effect of serum in so 
many conditions associated with folate deficiency is 
uncertain but since the observation has already proved of 
some diagnostic importance and may possibly indicate an 
unsuspected derangement of folate metabolism in these 
conditions, it seemed worth reporting our results at an 
early stage of the investigation. 

Materials and Methods 
A triplicate set of tubes containing 0, 0.1, 0.3, FO, 2.0, 3.0, 

or 4.0 ml. of a 1 ng. per ml. solution of pteroylglutamic acid 
(P.G.A.) in distilled water with 1 ml. of ascorbic phosphate 
buffer similar to that described by Herbert (1964) and 5 ml. of 
double strength folic acid assay medium (Difco) was set up 
and the contents of each tube was made up to 10 ml. with 
distilled water. The growth of L. casei in these tubes was com-
pared with the growth of the organism in a second set of tubes 
containing the same volumes of P.G.A. solution, buffer, and 
medium with either 0.2 ml. of serum or 1 ml. of a 1:5 serum-
extract in ascorbic phosphate buffer prepared as described by 
Waters and Mollin (1961). The final volume of these tubes was 
also made up to 10 ml. with distilled water and the final dilution 
of serum in each tube was therefore 1:50. The final P.G.A. 
concentration in the tubes was 0, 0.01, 0.03, 0.10, 0.20, 0.30, 
and 0-40 ng. per ml. 

Sera to be tested were separated from venous blood and 
stored at — 20°C without the addition of ascorbic acid until the 
day of the test. The serum or serum-extract was added as in 
the " aseptic addition " method of Herbert (1961) after the 
tubes containing P.G.A. solution, buffer, medium, and the 
requisite volume of distilled water had been autoclaved for 
10 minutes at 10 p.s.i. 

The batch was inoculated, incubated at 37°C for 18 hours 
and the turbidities were measured on a photoelectric colori-
meter (Unlearn) using an ' Ilford 625 ' filter, the blank reading 
for each set of standards being deducted from the reading of 
each tube to allow for the optical density of the added serum. 

The optical densities of the aqueous P.G.A. standards were 
plotted against the corresponding P.G.A. concentration (in ng. 
per ml.). From this curve, the folate activity of each serum 
sample or extract was calculated. The curves for the P.G.A. 
standards containing serum or serum-extract were drawn by 
plotting the optical density of the growth at any given con-
centration against the concentration of P.G.A. present in the tube 
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Fig. 1—Effect of normal whole serum, normal serum-extract, 
whole serum, and serum-extract from a patient with untreated 
idiopathic steatorrhcea on the growth of L. casei in standard 
P.G.A. tubes. 
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plus the folate content of the added serum or serum-extract, 
according to the method of Anderson (1964). 

The results are expressed as " percentage recovery " which 
was calculated as follows. The optical density reading corres-
ponding to a P.G.A. concentration of 0.2 ng. per ml. was read on 
the standard curve with added serum or serum-extract. The 
P.G.A. concentration which would give growth of the same 
optical density was read from the aqueous standard curve. The 
ratio of this estimated P.G.A. concentration to 0.2 ng. per ml. 
(the arbitrarily selected reference point on the curve for serum) 
multiplied by 100 then gives the percentage recovery of folate 
activity of the serum-containing standard. Since both stimula-
tion and inhibition were greater in the presence of a more 
actively growing organism the recoveries varied according to 
the point on the curve on which they were read, being nearer 
100% if read at points lower than 0.2 ng. per ml. on the curve 
and further from 100% if read higher on the curve (see below). 

Sera from healthy people, hospital control patients, and from 
patients with idiopathic steatorrhcea, chronic tropical sprue, 
nutritional megaloblastic anemia, pernicious anemia, liver 
disease, megaloblastic anemia of pregnancy, and pregnancy 
without megaloblastic anemia were tested. The criteria for 
diagnosis of these patients has been given elsewhere. 

Results 
The effect of added whole serum is illustrated in figs. 1 
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and 2 and in table I. Whole serum from 11 healthy people 
and from 11 hospital patients with rheumatoid arthritis 
(3), carcinomatosis (1), myelosclerosis (1), lympho-
sarcoma (2), jejunal diverticulosis (2), Crohn's disease (1), 
and sideroblastic anmmia (1) stimulated the growth of the 
organism so that the serum curve was higher than the 
aqueous curve (fig. 1) and the percentage recovery was 
greater than 100 fig. 2 and table I). 

In contrast, whole serum from patients with untreated 
idiopathic steatorrhcea and chronic tropical sprue almost 
invariably inhibited the growth of L. casei as did the serum 
from 3 of 11 pregnant women and 3 of 6 patients with' 
megaloblastic anmmia of pregnancy and 2 of 6 patients 
with liver disease (1 with hepatic fibrosis, the other with 
portal cirrhosis) (fig. 2 and table I). On the other hand, 
the sera from 3 patients with idiopathic steatorrhcea who 
had been taking a gluten-free diet for several years be-
haved like normal serum (table 1). 1 of the patients with 
idiopathic steatorrhcea whose serum inhibited the standard 
curve (recovery 42% before treatment) showed less 
inhibition (recovery 72%) when the serum was retested 
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TABLE I—THE EFFECT OF WHOLE SERUM AND SERUM EXTRACT ON THE 
RECOVERY OF P.G.A. 

Condition 

Whole serum Serum-extract 

No. 
Recovery (%) 

No. 
Recovery (%)  

Range Mean Range Mean 

Healthy controls 	.. 11 102-169 125-9 5 98-135 120 2 
Hospital controls 	.. 11 101-146 120.3 5 101-154 121.6 
Nutritional megaloblastic 

anxmia 4 123-142 133-0 3 103-142 127-3 
Pernicious antemia  2 103-120 111.5 2 103-130 116-5 
Pregnancy 	.. 11 53-131 97.7 11 91-131 105.7 
Pregnancy with megaloblastic 

anwmia 6 49-160 97.0 3 100-115 109.3 
Liver disease 
Idiopathic steatorrhcea 

6 
22 

17-132 
14-112 

86.7 
72.5 

1 
10 

96 
89-134 1100 

Idiopathic 	steatorthrea 	on 
gluten-free diet 	.. 3 91-129 109.0 2 117-129 123.0 

Tropical sprue 8 - 45-115 814 4 95-148 1223 

after the patient had been taking a gluten-free diet for 3 
months. The sera from 4 patients with nutritional megalo-
blastic anaemia and from 2 patients with untreated 
addisonian pernicious anmmia did not inhibit the growth 
of L. casei but behaved like sera from healthy subjects. 

As already mentioned, both the stimulatory and 
inhibitory effect of serum were most striking in the tubes 
containing the highest concentration of P.G.A. where 
growth of L. casei was most active (fig. 1, table it). When 
there was inhibition there were striking changes in the 
pattern of growth. Organisms were agglutinated and 
clumped together to form a button at the bottom of the 
tube with a clear supernatant. If the serum had no 
inhibitory effect, organisms were dispersed throughout 
the tube and towards the end of the culture period were 
visible as a fine suspension throughout the fluid. 

TABLE II—EFFECT ON THE RECOVERY OF P.G.A. OF ADDING 0.1 ml. AND 
0.2 ml. OF WHOLE SERUM FROM 3 PATIENTS WITH UNTREATED 
IDIOPATHIC STEATORRHCEA TO STANDARD TUBES CONTAINING 01, 
0-23  AND 0-3 ng. per ml. OF P.G.A. 

Volume of 
Case no. 	serum added 

(ml.) 

% recovery in tubes containing P.G.A. (ng./m1.) 

0.1 0.2 	• 0.3 

1 0.1 94 92 89 
0.2 76 52 50 

2 0.1 63 	. 70 70 
0.2 44 45 44 

3 0.1 90 96 105 
0.2 84 76 71 

• 
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Effect of Mixing Normal and an Inhibiting Serum 

Serum which inhibited the growth response of L. casei 
to P.G.A. also inhibited the response of L. casei to a normal 
serum and presumably therefore to 5-methyl tetrahydro-
folk acid. 1 ml. of a 1:5 serum-extract from a healthy 
subject (serum-folate 5.1 ng. per ml.) was mixed (a) with 
0.2 mI. of an inhibitory serum and (b) with 0.2 ml. of 
a non-inhibitory serum; both sera had folate concentra-
tions of 2.1 ng. per ml. Both mixtures were assayed in 
triplicate in two different batches by the aseptic addition 
method. Mixture (a) gave a folate concentration of 2.0 ng. 
per ml. whereas mixture (b) gave a folate concentration of 
3.8 ng. per ml. The expected concentration, if there had 
been no inhibition or stimulation, was 3.6 ng. per ml. It 
seemed therefore that serum (a) had inhibited the response 
of the L. casei to the normal serum-extract. 

Amount of Serum Required for Inhibition 
The degree of inhibition of the growth of L. casei in the 

standard tubes was related to the amount of serum added 
(table ti). As little as 0.1 ml. of serum may be sufficient to 
produce some inhibition but this is more striking when 
0.2 ml. of serum is added. In general, 0.2 ml. of serum 
was the least amount of serum needed to produce easily 
detectable inhibition. 

Effect of Hannolysed Red Blood-cells 
Hmmolysed red blood-cells from a patient with untreated 

idiopathic steatorrhcea (case 4), whose serum inhibited the 
growth of L. casei, did not inhibit the growth of the 
organisms (table 	Red blood-cells from this patient 
and from a healthy subject were washed three times in 
cold (4°C) isotonic saline solution, hxmolysed 1:20 in 
distilled water containing freshly added ascorbic acid (1 g. 
per 100 ml.) and the effect of the hmmolysates on the 
growth of L. casei was tested by the same method used to 
test whole serum. Both hmmolysates had a slight stimu-
latory effect on the growth of the organism but further 
observation will be needed to confirm the result of this 
simple experiment. 

Effect of Whole Serum on Growth of Streptococcus fwcalis 
Sera which inhibited or stimulated the growth of 

L. casei did not have a similar effect on the growth of 
Strep. fcecalis. 	• 
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TABLE HI--THE EFFECT OF WHOLE SERUM, SERUM-EXTRACT, AND RED 
BLOOD-CELL HISMOLYSATE FROM A HEALTHY PERSON AND FROM A 
PATIENT WITH IDIOPATHIC STEATORRHCEA ON THE RECOVERY OF 
P.G.A. AT THREE DIFFERENT CONCENTRATIONS IN THE STANDARD TUBES 

% recovery in tubes 

Case no. Fluid tested Volume 
(ml) 

containing P.G.A. 
ng./ml. 

0.1 0.2 0.3 

4 Whole serum 	.. 	.. 0.2 96 80 67 
(Idiopathic Serum-extract 	.. 	.. 1.0 113 117 132 

steatorrhceal Red blood-cell hmmolysate 0.2 116 129 140 

5 Whole serum 	.. 	.. 0.2 97 98 105 
(Healthy Serum-extract.. 	.. 1.0 97 98 105 
control) Red blood-cell bmmolysate 0.2 135 135 140 

Effect of Serum-extracts on the Growth of L. casei 
Serum-extracts from healthy subjects and from patients 

with all the conditions tested—including idiopathic 
steatorrhcea, chronic tropical sprue, pregnancy and liver, 
disease—behaved like whole serum from healthy people 
since they slightly stimulated the growth of L. casei (fig. 1 
and tables r and Hi). Heat extraction of proteins from sera 
therefore destroyed any inhibitory effect but left the slight 
stimulatory effect unchanged. Heating sera at 56°C for 
half an hour did not significantly affect the inhibition. 

Discussion 
These results indicate that whole serum from patients 

with idiopathic steatorrhcea and tropical sprue, from some 
pregnant women (including a proportion of patients with 
megaloblastic anxmia of pregnancy), and from some 
patients with liver disease inhibited the growth response of 
L. casei to P.G.A. In contrast, deproteinised serum generally 
and whole serum from 11 healthy subjects and from many 
patients with other disorders not only did not inhibit 
growth but also produced a slight increase in growth 
which was more than could be accounted for by the folate 
content of the sera. 

It is uncertain why serum from patients with idiopathic 
steatorrhcea, tropical sprue, and liver disease and from 
pregnant women inhibits growth. These conditions are 
often associated with folate deficiency or with abnormali-
ties of folate metabolism and possibly the inhibitory sera 
contain material which interfered directly with the 
metabolism of P.G.A. (and, probably, of 5-methyl tetra-
hydrofolic acid) by L. casei. Alternatively, the effect may 
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be indirect—e.g., the sera may contain antibodies which 
react with antigens in the organism. At all events, the 
inhibitory material is not invariably found in association 
with folate deficiency for it was absent from the sera of 
4 patients with nutritional folate deficiency. 

The exact distribution of the inhibitory material in 
different diseases cannot be determined by the technique 
we have used. Approximately 0.2 ml. of serum is needed 
to produce easily demonstrable inhibition in the standard 
P.G.A. tubes. If the folate level of the test serum is high 
this amount of serum increases the total folate in the 
standard tubes to unreadable levels. The inhibitory 
material is difficult to detect, therefore, unless the serum-
folate is low or is allowed to fall to low levels before 
testing. 

The cause of the slight stimulatory effect of normal and 
many other sera and of serum-extracts generally on the 
growth of L. casei is also uncertain. They may enhance 
the growth effect of P.G.A. on the L. casei. Alternatively, 
the growth effect of the folate (5-methyl tetrahydrofolic 
acid) in the added serum may be enhanced by the addi-
tional P.G.A. Another possibility is that the added serum 
or serum-extract may supplement the assay medium by 
makindgood some unsuspected deficiency in the medium. 

Theoretically at least, the inhibitory and, to a lesser 
extent, the stimulatory effect of serum interferes with the 
accuracy of the L. casei assay. The folate level of a serum 
which inhibited growth would be too low if read from the 
aqueous standard and, conversely, the folate level of a 
serum which stimulated growth would be too high when 
read against this standard. Results are read whenever 
possible on the steepest part of the standard curve (between 
0.01 and 0.20 ng. per ml.) and the inaccuracy due to 
inhibition or to stimulation is not likely to be sufficient to 
invalidate either the use of the various serum-extraction 
methods for assaying serum-folate or the use of the whole 
serum " aseptic addition " method, should the con-
venience and simplicity of this method be an important 
factor. 

The ability to recognise the presence of the inhibiting 
effect of a serum may sometimes be of diagnostic impor-
tance—e.g., in differentiating between folate deficiency 
due to latent idiopathic steatorrhcea and nutritional 
deficiency. If whole serum from a non-pregnant patient 
with folate deficiency in a temperate zone has an inhibiting 
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effect on the growth of L. card, idiopathic steatorrhcea is 
the likely diagnosis, and in tropical zones such a patient is 
likely to have tropical sprue. We do not know if this 
distinction holds good in countries where alcoholism is the 
main cause of " nutritional " folate deficiency for the 
associated liver-damage might affect the growth properties 
of the serum. Since this work was completed, 
Grzesiukowicz et al. (1965) have reported studies on the 
plasma-factor, originally described by Toennies et al. 
(1965), that releases folate activity from red cells. They 
noted that the level of this factor was significantly lower 
in the plasma of some patients with megaloblastic anemia 
of pregnancy and they suggested that this low level is due 
to the presence of an inhibitor of the releasing factor in the 
plasma. This inhibitor, unlike the material we have 
investigated, was not present in the plasma of healthy 
pregnant women. Nevertheless, these two factors may be 
the same, for the inhibitor we have described in this paper 
would reduce the growth response of the L. casei to 
red-cell folate material and it would thus appear to act as 
an inhibitor of plasma releasing factor under the experi-
mental conditions described by Grzesiukowicz et al. 
(1965). 

Summary 
Whole serum from patients with idiopathic steatorrhcea 

and chronic tropical sprue and from a proportion of 
pregnant patients, and patients with liver disease inhibited 
the growth of Lactobacillus casei in the presence of pteroyl-
glutamic acid, whereas whole serum from 11 healthy 
subjects and a group of hospital control patients including 
patients with nutritional megaloblastic anemia and per-
nicious anemia stimulated the growth of the organism. 
Serum extracts from all patients slightly stimulated the 
growth of L. casei more than could be accounted for by 
the folate content of serum. 
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Addendum 
Since this paper was written we have tested sera from 

a further 10 seemingly healthy subjects. The serum of 1 
inhibited the growth of L. casei (recovery 60%). We are 
investigating the significance of this observation. 
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Effect of light on the Lactobacillus casei 
microbiological assay 

BARBARA B. ANDERSON1  AND JEAN D. COWAN1  

From the Medical Research Council Group for Investigation of Megaloblastic and Sideroblastic 
Anemias, Postgraduate Medical School, London 

SYNOPSIS Because of the considerable differences in the reported values for serum foliate in normal 
subjects using Lactobacillus casei as assay organism the effect of daylight when preparing media for 
this assay was studied. It was found that the growth properties of the medium were destroyed by 
direct sunlight and impaired by bright reflected sunlight, therefore reducing the sensitivity of the 
assay. Adequate precautions regarding exposure to light must be taken. 

There are considerable differences in the reported 
values of the serum folate concentration in normal 
subjects using Lactobacillus casei as assay organism; 
the mean concentration in 17 different laboratories 
ranges from 4.6 to 15.8 	(Mollin and Hoff- 
brand, 1965). Growth of the organism in the folic 
acid (pteroylglutamic acid) standards often differs 
widely from one laboratory to another and even 
from one batch to the next in the same laboratory. 

Some of the factors which can contribute to these 
variations have been summarized by Mollin and 
Hoffbrand (1965). Recently it was noticed that when 
assays were set up on a bright day there was poor 
growth of L. casei. The purpose of this paper is to 
analyse the effect of light on the L. casei assay by 
studying (1) the effect of light on the assay medium; 
(2) the effect of light on the standard folic acid solu-
tions and serum folate extracts; and (3) whether 
exposing the assay medium to light alters the value 
obtained for the serum folate concentration. Studies 
on this subject have not been published previously, 
but Hansen (1964) suggested that the assay medium 
for L. casei should be protected from light. 

MATERIALS AND METHODS 

In these experiments the organism used was Lactobacillus 
casei (A.T.C.C. 7469) which is the organism generally 
used for the assay of serum folate. The method used was 
that of Waters and Mollin (1961) but the medium was 
the dry-mix, Bacto-Folic Acid Casei Medium, Difco 
No. 0822. In order to prepare the medium, an appro-
priate amount was dissolved in distilled water, brought 
to the boil, boiled for three minutes and cooled. 
'Present address: Department of Haematology, St. Bartholomew's 
Hospital, London, E.C.1. 
Received for publication 24 May 1967. 

RESULTS 

EFFECT OF LIGHT ON THE ASSAY MEDIUM Batches of 
the Difco medium were exposed to light of different 
intensities during and after preparation, as follows: 
(1) medium boiled and kept in subdued light 
throughout (`medium I'); (2) medium boiled in 
bright reflected sunlight and then kept in same for 
two hours (`medium II'); (3) medium boiled in the 

FIG. 1. Effect of light on the L. casei medium. Medium I 
was boiled and kept in subdued light throughout. Medium II 
was boiled in bright reflected sunlight and kept in same for 
two hours. Medium III was boiled in the presence of sun-
light and kept in bright reflected sunlight for two hours. 

85 
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presence of sunlight and kept in bright reflected sun-
light for two hours (`medium 

Growth of L. casei in folic acid standards is com-
pared in these three media in Figure 1. The most 
growth occurred in medium I which had been pro-
tected from exposure to light. There was no growth 
in medium III (exposed to direct sunlight), and in 
medium II (exposed to reflected sunlight) there was 
some growth but considerably less than in medium I. 

As riboflavin is known to be rapidly destroyed by 
light, the appropriate amount was added to a portion 
of medium III. Growth in folic acid standards was 
then almost the same but not quite as much as in 
medium I (Fig. 1). When B6 (pyridoxine), which is 
also sensitive to light, was added as well as ribo-
flavin, growth was the same as in medium I. The 
addition of B6 alone to medium III without ribo-
flavin did not increase growth of L. casei in the 
defective medium. It appears that whereas riboflavin 
is rapidly and completely destroyed by short 
exposure to sunlight, B6  is only partially destroyed. 
Addition of riboflavin to medium II completely 
restored its growth properties for L. casei, suggesting 
that enough B6  remained in the medium under these 
conditions to allow full growth if riboflavin was 
added. 

As might be expected when L. casei was used to 
assay pyridoxal in serum, light had the same effect 
on the assay medium. The medium used in these 
experiments was prepared in the laboratory accord-
ing to the method of Waters and Mollin (1961) but 
with folic acid replacing B6. 

EFFECT OF LIGHT ON STANDARD FOLIC ACID SOLUTIONS 
AND SERUM FOLATE EXTRACTS Exposure to bright 
reflected sunlight for three hours had no significant 
effect on the folate content of the standard solutions 
and serum extracts. Growth of the organism was the 
same in standards and serum extracts which had 
been kept in subdued light as in those exposed to 
bright reflected light for periods up to three hours. 

On the other hand, as expected, exposure to direct 
sunlight caused reduced growth of L. casei both in 
the standards and serum extracts, presumably due 
to destruction of folate. 

EFFECT ON SERUM FOLATE ASSAY VALUES OF EXPOSURE 
OF MEDIUM TO BRIGHT REFLECTED SUNLIGHT In 
Fig. 2 the serum folate values obtained using 
medium exposed to bright reflected sunlight (medium 
II) are plotted against the values obtained using 
medium protected from light (medium I). For serum 
folate concentrations up to 8 myg./ml. the values 
obtained were approximately similar, but at higher 
concentrations the values using medium prepared in 

5 	10 	1.5 	20 	25 
SERUM FOLATE CONCENTRATION -mpg/rill (MEDIUM I) 

FIG. 2. The relationship between the serum folate concen-
trations obtained using medium I and medium II. 

bright reflected sunlight were on the whole consider-
ably higher. 

This could be explained by assuming that serum 
itself contains riboflavin. The effect of the deficiency 
of riboflavin in the medium would be most obvious 
in sera with high folate concentrations because there 
is greater growth of L. casei. The diminished amount 
of riboflavin in the medium becomes a limiting 
factor for the standards and the serum folate values 
are consequently falsely high. This same effect was 
observed in sera with higher pyridoxal concentra-
tions when using L. casei to assay serum pyridoxal. 

CONCLUSION 

Medium exposed to direct sunlight supports no 
growth of the assay organism because of the destruc-
tion of riboflavin and to some extent other light-
sensitive vitamins. Bright reflected sunlight also 
affects the growth properties of the medium for the 
same reason but to a lesser degree. However, the 
effect on the actual assay values using this defective 
medium is negligible for serum folate concentrations 
up to 8 mitg./m1., which is the range of greatest 
diagnostic importance. Therefore it can only con-
tribute in a small way to the variations found in this 
range in different laboratories. But for sera with 
higher folate concentrations the values are falsely 
high using a defective medium. When a high control 
serum is used to standardize the assay method in 
different parts of the world where light intensity can 
be widely different, the values obtained are likely to 
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vary considerably, if adequate precautions regarding 
exposure to light are not taken. 

In order to obtain the most accurate and repro-
ducible assay it is essential to prepare the medium in 
subdued light and to protect it from bright light 
throughout the assay procedure. Although there is 
no direct evidence that bright reflected light affects 
folate in standard solutions and serum extracts for 
periods of exposure of up to three hours, it would  

seem reasonable to protect these from light also. 
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Summary 4 out of 12 patients with dermatitis 
herpetiformis and 1 with subcorneal 

pustular dermatosis had both macroscopic and micro-
scopic abnormalities of the jejunal mucosa resembling 
those seen in untreated idiopathic steatorrhcea; a further 
5 showed microscopical changes only. Fwcal fat excretion 
was raised in 7 of the patients, but the absorption of 
xylose, folic acid, and vitamin B12 were almost invariably 
normal. In 9 of the patients there was haematological 
and/or biochemical evidence of folate deficiency; in 5 
there were haematological and/or biochemical indications 
of iron deficiency. In general, the patients with the 
severest changes in the jejunal mucosa had also the 
severest steatorrhcea and folate deficiency. In addition, 
IgM-globulin deficiency, and a raised level of agglutinat-
ing-factor to Lactobacillus casei in the serum, and signs of 
splenic atrophy in the peripheral blood were abnormally 
prevalent in these patients. These three abnormalities 
are also found in untreated idiopathic steatorrhcea. 



TABLE I—CLINICAL DATA 

Case no. Sex Age 
(yr')  

Duration of 
dermatitis 

herpetiformis 
Drug Dose 

Duration 
of 

treatment 
Weight 

(lb. ) 
Expected 
weight 
(lb.) 

Height 
(ill.) 

Expected 
height 
(in.) 

Group I: 
1 M 29 3 yr. Dapsone 150 mg. per day 2'/, yr. 136 163 71 70 
2 M 52 10 yr. 150 „ mg. 	„ 10 yr. 145 166 68 68 
3 M 50 8 yr. „ 50 mg. 	,, 4 yr. 146 1135 72 68 
4 M 59 1 yr. „ 50 mg. 	„ 6 weeks 133 166 68 68 

Group II: 
5 M 30 3 yr. f f 50 mg. twice weekly 3 yr. 174 174 71 69 
6 F 45 22 yr. „ 100 mg. per day 1 yr. 100 143 65 64 
7 F 29 7 yr. If 100 mg. 	„ 7 yr. 132 136 67 65 
8 M 23 3 yr. ,f 50 mg. 	„ 3 yr. 177 167 72 70 
9 M 37 1B mos. 100 mg. twice weekly 3 mos. 174 174 72 69 

Group III: 
•10 

11 
F 
F 

43 
62 

10 weeks 
2 yr. 

,, 100 mg. per day 
75 rng. 	,, 

3 weeks 
2 yr. 

116 
141 

140 
137 

64 
62 

64 
64 

12 F 49 18 mos. „ 100 mg. 	„ 2 mos. 99 140 64 64 
t13 F 48 3 yr. Prednisone 20 mg. 	„ 1 month 220 140 64 64 

• Patient with subcomeal pustular dermatosis. 	t Dapsone stopped 2 mos. ago. 
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Introduction 
THE skin lesions of dermatitis herpetiformis are 

characteristic but the underlying cause of the disease is 
unknown. Treatment with dapsone (diaminodiphenyl-
sulphone) or sulphapyridine is effective, and, though the 
use of these drugs in this disease is empirical, the response 
is usually striking and is often used as a diagnostic test. 
In a retrospective study of 150 patients with dermatitis 
herpetiformis, Smith (1966) mentioned that 2 had 
" malabsorption ", but gave no further details. Marks 
et al. (1966) and Van Tongeren et al. (1967) reported 
a high prevalence of structural changes of the upper 
small-bowel mucosa in this disorder, the changes 
resembling those found in idiopathic steatorrhcea. 

We investigated the structure and function of the small 
intestine in a group of 12 patients with dermatitis 
herpetiformis in order to define more clearly the nature 
and pathogenesis of the small-intestinal lesion. In addi-
tion, we investigated 1 patient with subcomeal pustular 
dermatosis, a disease similar to dermatitis herpetiformis in 
which the skin lesions often respond to dapsone, as they 
did in this particular patient. Since iron and folate 
deficiencies are common in patients with untreated 
idiopathic steatorrhcea, we paid particular attention to the 
iron and folate status of our patients. Furthermore, to 
determine whether there are other similarities between 
dermatitis herpetifonnis and idiopathic steatorrhcea we 
tested our patients for two serological abnormalities which 
have recently been found in idiopathic steatorrhcea: first, 
a factor which agglutinates Lactobacillus easel, the organism 
used to assay serum-folate, which has been found in the 
serum of most patients with idiopathic steatorrhcea 
(Cowan, Hoffbrand, and Mollin 1966); second, 1M-
globulin (IgM)-deficiency found in the sera of about a 
third of the patients with idiopathic steatorrhcea (Hobbs 
and Hepner 1966). 

Patients 
All adult patients with dermatitis herpetiformis attending the 

skin clinics at the London Hospital and East Ham Memorial 
Hospital during a three-month period were asked whether they 
agreed to undergo investigation of their small bowel. The 
nature of the investigations was explained to the patients. 
12 patients agreed and 2 refused. 1 patient with subcorneal 
pustular dermatosis was also investigated (table I). 

In each patient, their skin disorder was initially diagnosed on 
clinical and histological grounds and confirmed by the response 
to dapsone. All patients were given a general medical examina-
tion (including measurement of height.  and weight) and were 
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specifically asked about gastrointestinal symptoms and bowel 
habits. 

Methods 
Gastrointestinal Investigations 

Small-intestinal biopsy.—A special capsule (Crosby and 
Kugler 1957) was used to take the biopsy specimen from the 
region of the duodenojejunal junction or upper jejunum. The 
specimen was fixed in 10% formol-saline; before processing for 
histological examination, it was examined and photographed 
with a Zeiss ' Standard Universal ' dissecting microscope with 
3 in. objective. Sections of the specimen were then cut and 
stained (1) with hnmatoxylin and eosin and (2) according to the 
methyl-green-pyronin technique for the specific identification 
of plasma cells. 

Xylose-tolerance test.—A loading dose of 04 g. per kg. 
body-weight was given. Blood for xylose estimation was taken 
before the loading dose, and then after one and two hours. 
Xylose was estimated with the method of Roe and Rice (1948). 
The lower limit of normal was taken as 25 mg. per 100 ml. 
(Varley 1962). 

Folic-acid absorption.—This was tested by the method of 
Chanarin et al. (1958a). Patients received intramuscular 
injections of 15 mg. folic acid on three consecutive days. After 
a period of at least thirty-six hours the patients were fasted 
overnight and given an oral dose of folic acid (40 ta.g. per kg. 
body-weight). Blood-samples were taken immediately before 
the oral dose, and then one and two hours later. The levels of 
serum-folic acid were assayed microbiologically with Strepto-
coccus fcecalis as test organism. In health the peak level is 
greater than 40 mug. per ml. 

Fcecal fat excretion.—Three-day fecal collections were made 
with the patients on a normal ward diet. The upper limit of 
normal was taken as 5 g. of fat per day. 

Absorption of vitamin B12.—This was measured according to 
the test of urinary excretion described by Schilling (1953) with 
a test dose of 1 ug. of radioactive 'CO5 	vitamin B1,. In health 
more than 10% of the dose is excreted in twenty-four hours. 
Biochemical Investigations 

Estimation of serum-calcium, serum-alkaline-phosphatase, 
serum-proteins, and plasma-inorganic-phosphate was carried out 
according to standard procedures (Wooton 1964). 

Serwn-immunoglobulins.—Serum levels of IgG, IgA, and 
IgM were estimated quantitatively by gel-immunodiffusion, 
based on the method described by Fahey and McKelvey (1965). 
The normal values taken were IgG 800-1600 mg. per 100 ml., 
IgA 140-120 mg. per 100 ml., and IgM 45-190 mg. per 100 ml. 
Hematological Investigations 

Routine hematological methods were those described by Dade 
and Lewis (1963). The following investigations were carried 
out: hemoglobin, examination of stained peripheral blood-film, 
reticulocyte-count, and bone-marrow aspiration. Bone-marrows 
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were stained with May-Griinwald-Giemsa stain and with 
Perl's reaction for iron. Megaloblastic changes (if present) were 
classed as " mild " if obvious definite intermediate megaloblasts 
and many giant metamyelocytes were seen, and " minimal ", if 
only rare intermediate megaloblasts and only occasional giant 
metamyelocytes were seen. 

Serum-vitamin-B12  levels were assayed microbiologically with 
Euglena gracilis as test organism as described by Anderson 
(1964). The normal range is from 160 to 925 ugg. per ml. 

Serum-folate levels were determined by microbiological assay 
with L. casei as test organism (Waters and Mollin 1961). The 
normal range is 6.0-21-0 mpg. per ml. 

Red-cell-folate levels were estimated according to the 
modification of the serum-folate assay described by Hoffbrand 
et al. (1966). The normal range is 160-640 mpg. per ml. 
packed red cells. 

Serum inhibitory factor to L. casei.—The sera of the patients 
were tested for the presence of the factor which agglutinates 
L. casei and reduces its growth (Cowan, Hoff brand, and Mollin 
1966). This factor is usually present in the serum of patients 
with untreated idiopathic steatorrhcea but is not usually present 
in the serum in health. 

Plasma-iron and total-iron-binding capacity.—Plasma-iron 
was estimated by the method of Young and Hicks (1965). The 
normal range is 70-160 tzg. per 100 ml. The total-iron-binding 
capacity was estimated according to the method described by 
Herbert et al. (1966). The normal range is 275-375 rig. per 
100 ml. 

Results 
CLINICAL FINDINGS 

Apart from their skin disorder, this group of patients 
had no other complaints except for one patient (case 4) in 
whom an anxiety state had recently developed. On direct 
questioning, we obtained a history of increased bowel 
motions—three motions per day—although the motions 
were well formed. The only other patient with gastro-
intestinal symptoms was case 11, who had had epigastric 
pain after fried foods in the past, but investigations for 
peptic ulcer and gallbladder disease were negative. 4 
patients appeared to be underweight, and 1 was obese, but 
the others on general medical examination were normal. 
The skin lesions at the time of investigation were 
adequately controlled. 
Height 

The patients were slightly taller (average height 67.7 in.) 
than a control group of patients with other skin disorders, 
matched for age and sex (average height 66.5 in.), but 
there was no significant difference (1,  > 0.5) (table 1). 
There was also no significant difference (13> 0.5) between 
their actual heights and their expected heights based on 



TABLE II—GASTROINTESTINAL FINDINGS 

Case 
no. 

Intestinal biopsy 
Fecal fat 

(g. per day) 

Folic-acid absorption Schilling test 
(% excretion 

in 24 hr.) 

Xy ose 
(mg. per 100 ml.) 

Macroscopic 
appearance 

Cellular 
infiltration 

Surface 
epithelium 

0  hr. 1 hr. 2 hr. 1 hr. 2 hr. 

Group I: 
1 Flat ++ Cubical and 

columnar 
9.3 0 67 75 14.1 54 41 

2 Convoluted + + Cubical and 
columnar 

121 1 101 69 10.5 34 27 

3 Convoluted + Cubical and 
columnar 

14.2 1 32 95 16.1 36 39 

4 Flat + Cubical 12.0 0 43 46 14.7 43 40 

Group II: 
5 Leaves and 

fingers 
++ Columnar 10.5 2 77 80 21.5 39 42 

6 Leaves + Cubical and 
columnar 

7.1 0 39 35 17.0 34 38 

7 Leaves ++ Cubical 6.2 4 80 92 17.4 33 24 
8 Leaves -I- Cubical 2.1 0 44 105 26.6 65 59 
9 Leaves ++ Columnar 1.3 0 69 66 10.0 58 62 

Group III: 
10 Leaves 0 Columnar 1.1 0 83 98 12.9 59 70 
11 Fingers and 

leaves 
0 Columnar 0.9 0 98 101 14.2 55 	• 62 

12 Fingers and 
leaves 

0 Columnar 2.3 1 44 60 13.7 48 43 

13 .. 0.6 0 53 82 15.6 49 52 

++, gross cellular infiltration of specimen. 	+, cellular Infiltration. 	0, no abnormal cellular infiltration. 
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age and sex according to the values given by the Society 
of Actuaries (1959). 
Weight 

The average weight of the patients with dermatitis 
herpetiformis (145.6 lb.) was less than that of the control 
group (155.8 lb.), but this was not significant (p > 0.2). 
9 patients weighed less, and 3 weighed more than the 
expected value based on height, sex, and age (Society of 
Actuaries 1959). There was no significant difference 

> 0.2) between the weight of the patients and their 
expected weights (table I). 

GASTROINTESTINAL FINDINGS (table 
Small-intestinal Biopsy 

The patients were divided into three groups on the basis 
of the jejunal biopsy appearances: group I (4) were 
patients in whom the jejunal mucosa appeared flat or 
convoluted under the dissecting microscope; in group II 
(5) the mucosa showed leaf-like or leaf-and-finger-like villi 
under the dissecting microscope, but showed histological 
abnormalities; in group in (3) the jejunium appeared 
normal both under the dissecting microscope and histo-
logically. The biopsy was not carried out in one patient 
(case 13). 
Xylose-tolerance Test 

A measured serum level after the oral dose of xylose was 
below 25 mg. per 100 ml. in only 1 patient; this was in the 
two-hour sample from case 7. 
Folk-acid Absorption 

This was slightly subnormal in only 1 patient (case 6). 
Fcecal Fat Excretion 

This was increased in 7 of the 13 patients. There was 
a good correlation between the intestinal biopsy findings 
and fmcal fat excretion. Thus, all the patients in group I 
and 3 of the 5 patients in group n had increased fmcal fat 
excretion, whereas &cal fat excretion was normal in 
patients in group III. 
Absorption of Vitamin B,, 

This was normal in all 13 patients. 
Biochemical Findings 

The concentrations of serum-calcium, serum-alkaline-
phosphatase, serum-proteins, and plasma-inorganic-phos-
phorus were normal in all patients. 
Serum-immunoglobulins 

The IgM. concentration was subnormal in 4 of the 
patients (table in). IgA and IgG were within the normal 



TABLE III-HIEMATOLOGICAL FINDINGS 

Case 
no. 

Htemo- 
globin 
(g. per 

100 ml.) 

Reticulo- 
cyte- 
count 
(%) 

Peripheral-film 
Bone-marrow Serum-B,, 

(P-Pg' Per  ml.) 

Serum- 
folate 
(mtg. 

per ml.) 

Red-cell 
folate 
(mil& 

per ml.) 

Inhibitor 
of 

L. casei 

IgM 
(mg. per 
100 nil.) 

Plasma- 
iron 

',iv  ,„ per  s tOrn1)  

T.I.B.C. 
(mµg. per 
100 ml.) Megaloblastosis Iron 

Group I: 
1 13.4 8.0 Macrocytes H.S.P., H.J. 

bodies, target cells 
Mild Present 360 1.0 108 - 41 165 277 

2 11.3 3.2 Hypochromic 	macro- 
cytes, H.S.P. 

Mild Absent 210 1.4 111 + 72 35 409 

3 13.8 +4 Macrocytes, H.S.P., H.J. 
bodies, 	target 	cells, 
fragments 

Mild Absent 90 0.7 41 + 205 108 329 

4 13.4 2.6 Macrocytes, H.S.P. Minimal Present 276 1.4 162 + 22 101 375 

Group II: 
5 15.9 2.0 Normal Normoblastic Present 585 6.0 178 + 69 153 363 
6 14.2 , 	2.4 Occasional hypochromic 

cells 
Rare giant 

metamyelocytes 
only 

Absent 260 1.2 290 - 33 60 409 

7 13.0 +8 Occasional macrocyte Mild Present 640 1.0 130 + 45 106 258 
8 15.9 2.0 Occasional macrocyte Minimal Present 315 2.9 272 -I- 80 150 318 
9 1+8 2.6 Macrocytes,H.S.P.frag- 

ments 
Mild Present 232 2.6 131 - 63 191 389 

Group III: 
10 11.4 2.2 Strongly hypochromic Normoblastic Absent 295 2.6 280 + 210 29 407 
11 12.6 2.6 Normal .. .. 185 3.5 155 - 30 75 317 
12 10.7 2.0 Strongly hypochromic, 

rare macrocyte 
Minimal Absent 308 3.7 158 + 50 37 463 

13 15.5 2.0 Normal Normoblastic Present 385 6.3 167 - 210 127 405 

T.I.B.c....Total-iron-binding capacity. 	n.s.P....Hypersegmented polymorphs one or more polymorphs with 6 lobes or more per 100 polymorphs). 
H.J. bodies...Howell-Jolly bodies. 
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range, apart from case 2, in whom the IgG was 1810 mg. 
per 100 ml. and IgA was 450 mg. per 100 ml. 
L. casei Inhibitor 

This was present in the sera of 8 patients. 
HPEMATOLOGICAL FINDINGS (table III) 

Incidence and Pathogenesis of Anemia 
5 patients (cases 1, 2, 4, 10, 12) were mildly anaemic; 

3 were found to have mild iron-deficiency anaemia (cases 2, 
10, and 12), in all 3 of whom the stained peripheral blood-
film showed pronounced hypochromasia. All 3 had low 
serum-iron levels and reduced saturation of the iron-
binding capacity, and in each the anmtnia was corrected by 
oral iron therapy. In addition, case 2 showed " mild " 
megaloblastic changes and case 12 " minimal " megalo-
blastic changes. 2 other patients (cases 1 and 4) both 
showed mild megaloblastic anaemia. Their peripheral 
blood-films contained macrocytes and hypersegmented 
polymorphs (i.e., polymorphs with more than six nuclear 
lobes) and in each patient the bone-marrow showed mild 
megaloblastic changes and normal iron stores. The stained 
peripheral blood-film of case 1 also showed many 
Howell-Jolly bodies and occasional target cells—features 
suggestive of splenic atrophy. 
Hcematological Findings in the Non-ancemic Patients 

Only 3 of the non-anaemic patients (cases 5, 11, and 13) 
had entirely normal stained peripheral blood-films. In 2 
of these patients whose bone-marrow was examined 
(cases 5 and 13), this was also normal. Of the remaining 
5 patients, 3 (cases 7, 8, and 9) had " mild " or " minimal " 
megaloblastic changes, and 2 (cases 3 and 6) had both 
megaloblastic changes and features of iron deficiency. In 
addition, 1 of these patients (case 3) showed large numbers 
of Howell-Jolly bodies, target cells, and occasional 
spherocytes in the peripheral blood-film, suggesting that 
he also had splenic atrophy. Reticulocyte-counts were 
raised in 9 of the patients. All the patients in group I and 
all but 1 in group it had raised reticulocyte-counts. 

In summary, 5 of the 13 patients had iron deficiency, 
showed " minimal " or " mild " megaloblastic changes, 

and 2 had features in the peripheral blood suggestive of 
splenic atrophy. In addition, raised reticulocyte-counts in 
9 patients suggest that in them at least mild hmmolysis was 
occurring. The patients in group I generally showed the 
severest haematological abnormalities, and those in group 
In showed the least (table in). 

Biochemical Evidence of B1, and Folate Deficiencies 
Serum-vitamin-B1, levels were within the normal range 
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in all the patients, except 1 (case 3). The majority of 
patients, however, tended to have levels in the lower half 
of the normal range, only 2 patients having levels above 
400 Rug. per ml. and the mean serum-B12  level of the 
whole group was 315 [lug. per ml., significantly lower than 
the mean level in healthy adults, 415 uug. per ml. 
(r <0.01) (Anderson 1964). 

Serum-folate levels were subnormal in all but 2 of the 
patients (cases 5 and 13). Case 5 was on the lowest dose 
of dapsone and case 13 was not on dapsone at the time of 
investigation. In 2 patients (cases 11 and 12) the serum-
folate level was in the borderline range (from 3.0 to 
6.0 mug. per ml.), but in the remaining 9 patients (i.e., 
all patients in group 1, 4 out of 5 patients in group ii, and 
1 patient in group in), the serum-folate levels were less 
than 3.0 mug. per ml.—i.e., within the range usually found 
in patients with severe folate deficiency. 

Red-cell-folate levels were subnormal in 7 of the 
patients. 

On the basis of these biochemical findings, therefore, 
megaloblastic changes could be ascribed to folate defi-
ciency in all 9 patients. Since the Schilling test was 
normal, deficiency of vitamin B12 was unlikely in case 3, 
despite his low serum-B12  level. 
Serum-iron and Total-iron-binding Capacity 

The serum-iron levels were subnormal in 4 patients, 3 
of whom had iron-deficiency anzmia. The total-iron-
binding capacities were raised in 6 patients and low in 1. 

Discussion 
These results show that a third of patients with 

dermatitis herpetiformis had macroscopic abnormalities of 
the small-intestinal mucosa—i.e., of flat and convoluted 
small-intestinal mucosa—and that two-thirds displayed 
histological abnormalities. In addition, they show that 
these abnormalities and an increased secretion of fmcal fat 
are related. The only previous reports of studies of the 
small-intestinal structure in dermatitis herpetiformis have 
been those of Marks et al. (1966) and Van Tongeren et al. 
(1967), who first reported structural abnormalities of the 
small intestinal mucosa. In the present investigation the 
frequency of an abnormal macroscopic appearance of 
the mucosa was similar to that of Van Tongeren et al., 
since they were present in 4 of their 9 patients. Van 
Tongeren et al. also reported cellular infiltration of the 
mucosa in specimens which macroscopically appeared 
normal. Marks et al. reported a greater frequency of 
macroscopic abnormality (9 out of 12 of their biopsy 
specimens) but they did not report on the histological 
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findings in their three specimens which were macro-
scopically normal. 

The significance of these structural abnormalities of the 
small-intestinal mucosa in dermatitis herpetiformis is 
unknown. One possibility is that these patients have 
a gluten-induced enteropathy (i.e., idiopathic steatorrhcea 
or adult coeliac disease). In many respects they resemble 
patients with idiopathic steatorrhcea in that they are 
underweight, have increased faecal fat excretion, have 
similar changes in the small-intestinal mucosa, a high 
incidence of folate and iron deficiencies, and an abnor-
mally high incidence of the agglutinating factor to L. 
casei in their sera, which is common in idiopathic 
steatorrhcea, and also show an incidence of IgM deficiency 
similar to that of patients with idiopathic steatorrhcea 
(Hobbs and Hepner 1966). Moreover, 2 of our patients 
had the htematological features of splenic atrophy which 
also occurs in patients with idiopathic steatorrhcea. In 
these 2 patients, splenic atrophy was not definitely con-
firmed, but in another case of dermatitis herpetiformis 
seen by one of us (A. V. H.) splenic atrophy was demon-
strated by the injection of 51Cr-tagged heat-damaged red 
cells and by scanning the spleen for radioactivity (Marsh 
and Stewart 1967). Surprisingly, xylose and folic-acid 
absorption were almost invariably normal in our patients, 
even in those with an abnormal small-intestinal mucosa 
and increased fatal fat excretion. There is little correla-
tion, however, between structure and function of the small 
intestine in idiopathic steatorrhcea (Mollin et al. 1959, 
Stewart et al. 1967). Moreover, if these patients do have 
idiopathic steatorrhcea they are likely to have a " latent " 
or mild form of the disease, and as Cooke et al. (1963) 
point out, in most adult patients with idiopathic 
steatorrhcea it is a relatively mild disorder and the patients 
enjoy good health without any therapy. 

Whether these patients have a gluten enteropathy or not 
will have to be answered by following their response to 
a gluten-free diet and to subsequent gluten ingestion. 4 of 
our patients have already commenced a gluten-free diet, 
and in 1 (case 2) the faecal fat excretion has fallen from 
12.7 to 4.8 g. per day after three months on this diet. 
It is too early as yet to assess these patients fully, but in 
due course the hope is .to re-investigate them and to 
ascertain the response of the skin condition to gluten 
withdrawal. 

A second possibility is that the small-bowel changes in 
dermatitis herpetiformis are a chance finding. Although 
the frequency of a flat or convoluted appearance and of 
cellular infiltration of the small-intestinal mucosa in the 
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general population is unknown, it is unlikely to be as high 
as that found in this investigation. Moreover, in other 
skin disorders (Fry et al. 1966) and in gastrointestinal 
disorders other than idiopathic steatorrhcea (Fry and 
McMinn 1966a) structural abnormality of the small-
intestinal mucosa is considerably less common than that 
found in these patients with dermatitis herpetiformis. 

Third; the possibility of dapsone causing changes in the 
intestinal, mucosa has to be considered. Dapsone is 
apparently not solely responsible for the intestinal lesions, 
since both Marks et al. (1966) and Van Tongeren et al. 
(1967) reported changes in the small-intestinal mucosa of 
patients not receiving dapsone. It is possible, however, 
that if dapsone has an antifolate action, it may damage the 
small-intestinal mucosa by causing chronic folate defi-
ciency analogous to the way in which folate antagonists 
damage the jejunal mucosa (Trier 1962, Fry and McMinn 
1966b). 

Finally, the small-intestinal changes may be part of 
a dermatitis herpetiformis syndrome and the basic under-
lying pathological process may cause changes in organs 
other than the skin. 

One of the most striking findings was the frequency of 
low folate levels in the serum and red cells. The patients 
were apparently taking normal diets and the explanation 
of these low levels is uncertain. The low levels may have 
been due to malabsorption of food folate (i.e., folate 
polyglutamates) even though the absorption of folic acid 
was normal. 

There are other explanations for the folate deficiency. 
First, dapsone is known to cause hmmolysis (Evans and 
Fraser 1963, Pengelly 1963, Furst et al. 1964) and chronic 
hmmolysis is known to cause folate deficiency by causing 
increased folate utilisation (Chanarin et al. 1958b). 
Secondly, if there is an abnormality of the small-intestinal 
mucosa there may be increased mitotic activity at this site 
requiring increased quantities of folate. Thirdly, dapsone 
may interfere with folic-acid metabolism. Of the 2 
patients who had normal serum-folate levels (cases 5 and 
13), case 13 was not on dapsone at the time of investigation 
and case 5 was on the smallest dose of dapsone. Dapsone 
(a sulphone) is structurally very similar to the sulphon-
amides and is thought to have a similar mode of action 
against bacteria. The mode of action of these drugs is 
directly concerned with folate metabolism. p-Amino-
benzoic acid is essential for the formation of one or more 
co-enzymes, of which folic acid is a component. Sulphon-
amides interfere with the synthesis of these enzymes or 
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co-enzymes from p-aminobenzoic acid. The finding of 
low serum-folate levels in the presence of apparently 
normal absorption is similar to that found with the anti-
convulsant drugs, primidone, phenytoin, and pheno-
barbitone (Reynolds et al. 1966), and these drugs are 
thought to have an antifolate action, although the 
mechanism of this action is unknown (Reynolds 1967). 
The possibility of dapsone directly affecting the L. casei 
assay has to be considered, although adding dapsone in 
physiologic doses to the assay had no such effect (Cowan 
and Hoffbrand, unpublished). 

Despite the biochemical evidence of severe folate 
deficiency, none of the patients had severe megaloblastic 
anwmia Hwmatological changes, due to the deficiency, 
when present were slight, consisting of mild macrocytosis 
and occasional hypersegmented polymorphs in the peri-
pheral blood-film and minimal or mild megaloblastic 
appearances in the bone-marrow smears. These findings 
resemble those in patients receiving anticonvulsant drugs 
(Reynolds et al. 1966). Case 3 had extremely low serum-
folate and red-cell-folate levels, and this deficiency could 
have possibly accounted for the low B12 levels (Mollin 
et al. 1962). The aggregate lower mean level of serum-
vitamin B12  than in the general population might also have 
been due to the coincidental abnormal folate metabolism. 

The relation between the intestinal and skin abnormali-
ties in dermatitis herpetiformis remains unsolved, but 
some points are becoming established. The activity of the 
skin disease (i.e., lesions) is apparently not related to the 
presence of the intestinal defects. The majority of our 
patients were adequately controlled with dapsone at the 
time of investigation and had none or few skin lesions. 
The intestinal abnormalities are unlikely to be primary 
and the skin lesions secondary, since 2 of our patients with 
dermatitis herpetiformis (and the patient with subcorneal 
pustular dermatosis) had normal jejunal biopsy specimens 
and no increased fwcal fat excretion. This in itself, 
however, does not exclude a defect in the jejunal mucosa 
at the cellular level. 

If the changes in the small intestine are an expression 
of a disorder of folate metabolism, the possibility has to be 
considered that dermatitis herpetiformis is also a mani-
festation of a defect in folic-acid metabolism. Both 
sulphapyridine and dapsone, which are so effective in this 
disorder, basically have an antifolate action. 

We are grateful to Dr. Brian F. Russell and Dr. j. S. Pegtun for 
their encouragement and allowing us to study patients under their 
care; Prof. D. L. Mollin for his helpful advice; Dr. G. C. Jenkins and 
Dr. J. M. Edwards for a number of the hmtnatological investigations; 



16 

Dr. A. L. Turnbull for carrying out the Schilling tests and estimating 
the serum-iron and total-iron-binding capacity; the bacteriology 
department the London Hospital for help with the immunoglobulin 
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Summary 7 patients with dermatitis herpetiformis 
were given a gluten-free diet for 6 months. 

At the end of this time 4 patients had improved sub-
jectively, and 2 had definitely gained weight. In 2 the 
skin lesions had improved so much that they could 
manage without dapsone, and in another 3 the dapsone 
requirements had fallen. In each of 5 patients in whom 
fa cal fat excretion was raised initially, the gluten-free 
diet reduced this excretion. After the diet the macro-
scopic appearance of the intestinal mucosa improved in the 
3 patients in whom it had been abnormal, and increase in 
villous height of the intestinal mucosa was found in 5. The 
serum-folate rose in 6 of the 7 patients; and in each of 4 in 
whom the red-cell folate had been subnormal the level rose 
—in 3 to normal. These results suggest that the entero-
pathy in dermatitis herpetiformis is due to gluten 
sensitivity, and that the skin lesions are related to the 
enteropathy. 
* Present address: New England Medical Center, 171 Harrison 

Avenue, Boston, Mass., U.S.A. 
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Introduction 
Abnormality of small-intestinal structure resembling 

that found in untreated idiopathic steatorrhcea has been 
described in dermatitis herpetiformis (Marks et al. 1966, 
Fraser et al. 1967, Fry et al. 1967, van Tongeren et al. 
1967). The pathogenesis of the small-intestinal abnor-
mality and its relation to the skin lesions are unknown. 
However, besides the structural abnormality of the 
intestinal epithelium and steatorrhcea, Fry et al. (1967) 
found a high frequency of folate, iron, and yM globulin 
deficiency and a high frequency of a serum-agglutinating 
factor to Lactobacillus casei—all features of untreated 
idiopathic steatorrhcea. We have therefore treated 
patients with dermatitis herpetiformis who had small-
intestinal mucosal abnormality with a gluten-free diet to 
see what effect this treatment would have on small-
intestinal structure and function, hmmatological status, 
and skin disorder. 

Patients 
9 patients were studied. The diagnosis of dermatitis 

herpetiformis had been confirmed histologically; and all had 
been treated with dapsone, which had controlled their skin 
lesions, the dose ranging from 150 mg. per day to 50 mg. twice 
weekly from 3 months to 10 years (table I). After general 
medical examination, and investigation of the structure and 
function of the small intestine and of hmmatological status, 
a gluten-free diet was started. The reason for this was 
explained to the patients. One patient found the diet too 
difficult to maintain, and another did not wish to continue after 
one month. The other 7 patients kept to the gluten-free diet 
so far as we could ascertain, and these were reinvestigated 
after 6 months. 

3 patients (cases 2, 3, and 5) had their dapsone stopped as the 
gluten-free diet was begun, to see whether the diet had any 
immediate beneficial effect. In 2 patients (cases 3 and 5) 
the dapsone was recommenced after the skin condition had 
relapsed. Thus during the 6-month period on the diet the 
dose of dapsone was the same as before in 6 of the 7 patients; 
the 7th (case 2) did not receive dapsone (at our request) during 
this period. No other treatment was given to these 7 patients. 

To determine the effect, if any, of the gluten-free diet on the 
skin manifestations of dermatitis herpetiformis, patients were 
instructed to stop their dapsone after 6 months on this diet. If 
the skin lesions relapsed, the dapsone was reintroduced and the 
dose now required to control the lesions was determined. 

Methods 
Gastrointestinal Investigations 

These were limited to small-intestinal biopsy and estimation 
of focal fat excretion, since absorption tests with folic acid, 
xylose, and vitamin B12 were normal before institution of a 
gluten-free diet in these patients. 

Small intestinal biopsy.—The Crosby capsule (Crosby and 
Kugler 1957) was used to take the biopsy specimen from the 
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region of the duodenojejunal junction or upper jejunum. The 
capsule was located radiologically, and the biopsy specimens 
before and after the gluten-free diet were taken from similar 
positions. The specimen was fixed in 10% formol saline; 
before processing for histological examination, it was examined 
and photographed with a Zeiss ' Standard Universal' micro-
scope with 3 in. objective. Paraffin sections of the specimen 
were then cut and stained with hematoxylin and eosin. 
Epithelial surface-cell height and vinous height were measured 
using the criteria of Stewart et al. (1967). Crypt height 
(corresponding to the " mucosal thickness " of Stewart et al. 
and other workers) was also measured; since by definition 
" mucosa " includes the epithelium and lamina propria of 
both crypt and villous regions, we have preferred to use the 
term " crypt height " to indicate the thickness of the lower 
part of the mucosa, excluding the villi. Similar measure-
ments were made on 6 specimens from control subjects with 
no evidence of gastrointestinal abnormalities. 

Fcecal fat excretion.-3-day fecal collections were made 
with the patients on a gluten-free diet. The upper limit of 
normal was taken as 5 g. of fat per day. 
Hcrmatological investigations 

Routine luernatological methods were those described by 
Dade and Lewis (1963). The following investigations were 
carried out: hemoglobin, examination of stained peripheral-
blood film, reticulocyte-count, and bone-marrow aspiration. 
Bone-marrows were stained with May-Grunwald-Giemsa 
stain and with Perl's reaction for iron. Megaloblastic changes 
(if present) were classed as " mild " if obvious definite inter-
mediate megaloblasts and many giant metamyelocytes were 
seen, and " minimal " if only rare intermediate megaloblasts 
and only occasional giant metamyelocytes were seen. 

Serum-vitamin-B12  levels were assayed microbiologically with 
Euglena gracilis as test organism as described by Anderson 
(1964). The normal range is 160-925 pg. per ml. 

Serum-folate levels were determined by microbiological 
assay with Lactobacillus casei as test organism (Waters and 
Mollin 1961). The normal range is 6.0-21.0 ng. per ml. 

Red-cell-folate levels were estimated according to the 
modification of the serum-folate assay described by Hoffbrand 
et al. (1966). The normal range is 160-640 ng. per ml. 
packed red cells. 

Serum inhibitory factor to L. casei.—The sera of the patients 
were tested for the presence of the factor which agglutinates 
L. casei and reduces its growth (Cowan, Hoffbrand, and 
Mollin 1966). This factor is usually present in the serum of 
patients with untreated idiopathic steatorrhaea, but it is not 
usually present in the serum in health. 

Plasma-iron and total iron-binding capacity.—Plasma-iron 
was estimated by the method of Young and Hicks (1965); the 
normal range is 70-160 I.e.& per 100 ml. The total iron 
binding capacity was estimated according to the method of 
Herbert et al. (1966); the normal range is 275-375 pg. per 
100 ml. 



TABLE I—CLINICAL FINDINGS 

Case 
no. Sex Age (yr.) 

Weight (lb.) Dose of dapsone 
(mg.) 

Time of relapse after 
stopping dapsone (days) Remarks 

B A B A B A 

1 M 30 136 145 150 daily 50 daily 2 3 Subjective improvement. 	On stopping dapsone, minimal 
relapse on knees and elbows after 3 days. 	Prior to G.P.D. 
relapse within 2 days on face, trunk, and limbs 

2 M 52 145 152 150 daily Nil 2 .. Subjective improvement. 	Has never been free of lesions 
since stopping dapsone, but lesions are now confined to 
buttocks and thighs. 	Prior to G.P.O. lesions were also on 
upper trunk, face, and arms 

3 M 51 146 147 50 daily 25 daily 2 3 Subjective improvement. 	Minimal skin lesions on with- 
drawal of dapsone after G.P.O., but on withdrawal of dap-
sone after normal diet skin lesions were extensive 

4 M 31 160 161 50 twice 
weekly 

Nil 5 .. Subjective improvement. No recurrence of skin lesions on 
withdrawal of dapsone (2-month follow-up). Nephew has 
coeliac disease 

5 F 45 100 104 100 daily 100 daily 2 2 .. 

6 M 23 177 177 50 daily 50 daily 2 2 .. 

7 M 37 174 167 100 twice 
weekly 

100 weekly 5 7 .. 

B..before gluten-free diet. A .--- after 6 months' gluten-free diet (121..n.). 

1 
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Results 
CLINICAL (TABLE 

Of the 7 patients, 4 improved subjectively. This 
improvement was not immediate—the patients began to 
notice it after 2 or 3 months on the gluten-free diet. 
Cases 1-4 said they had " never felt so well ". 

5 of the patients gained weight, but only 2 had an 
appreciable gain in weight: case 1 gained 9 lb., and case 2 
gained 7 lb. 1 patient's weight remained constant, and 
1 lost weight. 

In the 3 patients (cases 2, 3, and 5) whose dapsone was 
stopped before the commencement of the gluten-free diet 
(hence the skin conditions had relapsed) there was no 
obvious improvement in the skin disease with the diet in 
the first 3 days; improvement in this time was known to 
occur in these patients with dapsone. The dapsone was 
therefore recommenced on the same dose as before in 
cases 3 and 5, but not in case 2. During the 6 months 
case 2 has been on the gluten-free diet without dapsone 
his skin condition has gradually improved. The lesions 
are now confined to his buttocks, thighs, and elbows, 
whereas previously they were also present on his face, 
scalp, back, and knees. 

In the 6 patients who stopped their dapsone after 
6 months on a gluten-free diet, 4 have fared better than 
with withdrawal of dapsone when they were on a normal 
diet. Cases 1 and 3 have found that the lesions did not 
appear for 3 days, whereas on a normal diet they appeared 
within 2 days of dapsone withdrawal, and both patients 
found that the lesions were not so extensive. Case 1 had 
a few small vesicles on his knees and elbows after relapse 
on a gluten-free diet, whereas dapsone withdrawal on a 
normal diet resulted in numerous lesions on his face, 
limbs, and trunk. Case 3 had vesicles on his upper arms 
and trunk, whereas on a normal diet there had been 
bulls; up to 1 cm. in diameter on the trunk and arms. 
Case 4 has had no recurrence of his skin lesions on dapsone 
withdrawal after being on a gluten-free diet for 6 months; 
he has now been followed up for 2 months and his skin 
condition has not relapsed; he is continuing with a gluten-
free diet. Case 7 reported slight improvement, in that his 
lesions reappeared 5 days after dapsone withdrawal on a 
normal diet and 7 days after dapsone withdrawal on a 
gluten-free diet; the lesions were not extensive in either 
instance. 2 patients (cases 5 and 6) reported no improve-
ment in their skin condition on dapsone withdrawal after 
the 6 months on the gluten-free diet, compared to a 
normal diet. 

Apart from 2 patients (cases 2 and 4) who are not taking 
any dapsone at present, 3 other patients (cases 1, 3, and 7) 



TABLE II—INTESTINAL FINDINGS 

Case 
no. 

Ftecal fat 
(g. per day) 

Intestinal biopsy 

Macroscopic appearance Cellular 
infiltration 

Crypt height (g) Villous height (g) Surface epithelial 
cell height (g) 

B A B A B A B A B A B A 

1 9.3 7.7 Flat Leaves + + + + 
330 

(290-440) 
340 

(250-400) 
240 

(170-300) 
350 

(250-450) 
28 

(20-35) 
35 

(30-43) 

2 12.7 7.7 Convoluted Leaves + + + 
370 

(320-410) 
280 

(240-320) 
210 

(150-250) 
380 

(280-400) 
25 

(20-30) 
31 

(25-38) 

3 14.2 10.7 Convoluted Leaves + + 
390 

(330-480) 
340 

(290-380) 
220 

(190-270) 
320 

(280-390) 
27 

(23-38) 
28 

(23-33) 

4 10.5 5.4 Leaves and 
fingers 

Leaves and 
fingers 

+ + + 
230 

(210-270) 
280 

(200-390) 
340 

(300-390) 
410 

(360-500) 
31 

(25-43) 
90 

(35-43) 

5 7.1 2.2 Leaves Convoluted 
and leaves 

+ + 
340 

(320-410) 
300 

(240-340) 
310 

(270-350) 
310 

(250-350) 
30 

(25-43) 
29 

(25-35) 

6 2.1 2.5 Leaves Leaves -f- + 
300 

(280-340) 
90 

(40-140) 
200 

(160-220) 
310 

(270-350) 
23 

(18-30) 
30 

(25-35) 

7 1.3 2.5 Leaves Leaves + + + + 
320 

(300-340) 
300 

(290-330) 
280 

(260-320) 
280 

(250-320) 
29 	. 

(25-33) 
25 

(23-33) 

++-gross cellular infiltration. + -.cellular infiltration. B ...before gluten-free diet. A -.after 6 months' gluten-free diet. 
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have found that after the 6 months on a gluten-free diet 
they required a smaller dose of dapsone to control their 
skin lesions. Case 1, who before the gluten-free diet 
required 150 mg. dapsone per day, now requires 50 mg. 
per day; case 3 needs 25 mg. per day, whereas before the 
diet the requirement was 50 mg. per day; and case 7 
requires 100 mg. once a week, whereas before the diet the 
dose was 100 mg. twice weekly. 

SMALL-INTESTINAL FINDINGS (TABLE II) 

Biopsy 
Macroscopic appearance.-3 patients showed improve-

ment, 3 no change, and 1 was slightly worse. 
Cellular infiltration.—The degree of infiltration de-

creased in 2 patients, and was unaltered in 5. 
Paneth cells.—These were present in all specimens 

both before and after gluten withdrawal and were not 
fewer than in control material. 

Crypt height.—The mean crypt height for each patient 
was decreased after a gluten-free diet in 5 and increased in 
2. The mean crypt height in our control group was 
207 	in our patients before treatment it was 328 tt. and 
after treatment 276 s; this is not significant > 0.10), 
but the number of patients studied was small. 

Villous height.—The mean vinous height for each 
patient increased after a gluten-free diet in 5, and was the 
same in 2. The mean vinous height in our control group 
was 408 s. In our patients there was a significant 
increase in the height of the villi from 275 to 337 
(1,  <0.02). 

Surface epithelial cell height.—The mean cell height for 
each patient increased in 5 after a gluten-free diet and 
decreased in 2. The mean cell height for our control 
group was 35.5 1.,t. In our patients before treatment it 
was 28.3 v, rising after a gluten-free diet to 31.1 tr. (1'> 
010). 
Fcecal Fat Excretion 

Before treatment this was increased in 5 of the 7 
patients. All 5 patients showed a decrease in fmcal fat 
excretion after a gluten-free diet, but 4 still had levels 
above normal. The mean fmcal fat excretion for the 
whole group was sa g. per day before the gluten-free 
diet and 5.5 g. per day after the diet (1,  < 0.05). 

Hcematological Findings (tables III and IV) 
None of the patients was anaemic, although 2 (cases I 

and 2) had been anwmic before taking a gluten-free diet. 
Peripheral-blood films and bone-marrow.-5 of the 7 

patients had hematological features of folate deficiency 
(macrocytes and hypersegmented polymorphs in the 



TABLE III-112EMATOLOGICAL FINDINGS 

Case 
no. 

}hemoglobin 
(g. per 100 ml.) 

Reticulocyte 
count (%) Peripheral film 

Bone-marrow 

Megaloblastosis Iron 

B A B A B A B A B A 

1 13.4 15.0 8.0 2.8 Ma crocytosis; hyperseg- 
mentedpolyrnorphs; target 
cells 

Rare macro- 
cytes; target 
cells 

Mild megalo- 
blastic 

Minimal megalo- 
blastic 

Normal Normal 

2 11.3 16.7 3.2 <2.0 Ma crocy toa iS ; hyperseg- 
mented polymorphs; hypo- 
chromic 

Normocytic Mild megalo- 
blastic 

Normoblastic Absent Reduced 

3 13.8 13.6 4.4 2.2 Macrocytosis; hyperseg- 
mented polymorphs; target 
cells Howell-Jolly bodies; 
hypochromic 

Rare macro- 
cytes; target 
cells;  Howell-
Jolly bodies 

Obvious mega- 
lobiastic 

Mild megalo- 
blastic 

Absent Absent 

4 15.9 14.5 2.0 <2.0 Normal Normal .. Normoblastic .. Normal 

5 14.2 12.3 2.4 <2-0 Hypochromic Hypochromic Normoblastic Normoblastic Absent Absent 

6 15.9 14.5 ZO <2.0 Rare macrocytes Normal Mild megalo- 
blastic 

Normoblastic Normal Normal 

7 14.8 13.6 2.6 5.4 Macrocytes Normal Mild megalo- 
blastic 

Normoblastic Normal Normal 

B -before gluten-free diet. A -.after 6 months' gluten-free diet. 



TABLE IV—H/EMATOLOGICAL FINDINGS 

Case 
Serum-B, 

(pg. per n1 .) 
Serum-folate 
(ng. per nil.) 

Red-ce I folate 
(ng. per nil.) 

Inhibitor of 
L. casei 

Plasma-iron 
(pg. per 100 ml.) 

T.I.B.C. 
(ng. per 100 ml.) 

no. B A B A B A B A B A B A 

1 360 350 1.0 1.7 108 280 — — 165 95 277 263 
2 210 360 1.4 3.2 111 270 + + 35 107 409 350 
3 90 400 0.8 13 41 85 + + 108 135 329 295 
4 585 650 5.3 5.5 178 283 + + 153 89 363 304 
5 260 745 1.2 1.0 260 183 — — 60 43 409 336 
6 640 705 29 3.6 272 368 + + 150 118 318 243 
7 232 295 26 6.0 131 258 — — 191 153 389 303 

B =before gluten-free diet. A =after 6 months' gluten-free diet. T t.B.c..--total iron binding capacity. 
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peripheral blood and megaloblastic bone-marrow) before 
therapy. These changes had entirely disappeared in 3 
(cases 2, 6, and 7) and were strikingly improved in the 
other 2 (cases 1 and 3) after taking the gluten-free diet 
(table la). Features of iron deficiency had also dis-
appeared from the peripheral blood and bone-marrow in 
case 2, but these features remained in cases 3 and 5. 
Target-cells and Howell-Jolly bodies (features of splenic 
atrophy) remained in the peripheral-blood films of cases 1 
and 3. The reticulocyte-count was raised in 5 patients 
before the diet and in 3 after the diet. 

Serum-vitamin-B12  levels.—None of the patients had 
any biochemical evidence of vitamin-B12  deficiency after 
a gluten-free diet. All the patients except 1 (case 1) 
showed a rise in the serum-B„ levels after a gluten-free 
diet. The mean serum-B12  level before a gluten-free diet 
was 339 pg. per ml., and after the diet it was 501 pg. 
per ml. (P <0.05). 

Serum and red-cell folate.—All 4 patients (cases 1, 2, 3, 
and 7), who had subnormal red-cell-folate levels before a 
gluten-free diet, showed a rise in red-cell folate after the 
diet, and only 1 patient (case 3) still had a subnormal 
red-cell folate level after the diet. 

2 patients (cases 2 and 7) showed a significant rise in the 
serum-folate after therapy, and 4 (cases 1, 3, 4, and 6) 
showed a slight increase on serial estimations over the 
6-month period. 

Serum-iron and total iron binding capacity.—Before a 
gluten-free diet 2 patients (cases 2 and 5) had subnormal 
serum-iron levels, and after the diet case 2 had a normal 
serum-iron level. Before the gluten-free diet 3 patients 
(cases 2, 5, and 7) had above-normal total iron binding 
capacities which fell to normal after the diet in all 3. 

L. casei inhibitor.—This was present in the sera of 4 
of the 7 patients before the gluten-free diet and was still 
present after 6 months on the diet. 

Discussion 
These results show that taking a gluten-free diet for 

6 months improves the clinical state, the structure and 
function of the small intestine, and the hmmatological 
status of some patients with dermatitis herpetiformis. Fry 
et al. (1967) have previously reported that, if patients with 
dermatitis herpetiformis do have idiopathic steatorrhcea, 
the majority are likely to have a mild form of the disease 
(Cooke et al. 1963, Stewart et al. 1967). In these cases the 
usual criteria used to define the disease are not grossly 
abnormal, so that any improvement with therapy can only 
be slight. 

The general clinical improvement was manifested by a 
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definite gain in weight in 2 out of 7 patients and by 
subjective improvement in 4 out of 7. 

The improvement in the skin lesions in 5 of the 7 
patients may be important therapeutically. van Tongeren 
et al. (1967) reported a case in which the skin lesions were 
improved on a gluten-free diet and were exacerbated when 
gluten was reintroduced. Verbov and Barkhan (1967) 
mentioned a patient who was given a gluten-free diet 
with no beneficial effect to the skin lesions, but the 
duration of the diet was not stated. Why the skin dis-
order tends to improve and dapsone requirements to fall 
with a gluten-free diet is uncertain, but there are several 
possibilities. 

First, with improvement in the function of the small intestine 
some form of-cutaneous deficiency may be alleviated. Second, 
whatever causes the damage to the intestine in gluten entero-
pathy may also cause the changes in the skin. The intestine 
often takes a long time to recover completely after gluten 
withdrawal, and the skin may require a similar period. Until 
we understand how gluten damages the intestinal mucosa we 
may not be able to explain the apparent beneficial effect of 
gluten withdrawal on the skin lesions in dermatitis herpeti-
formis. Finally, the effect of a gluten-free diet on the skin 
may be a " placebo effect ". Although we considered this, it is 
unlikely because the patients whose skin improved were also 
the ones to show improvement in the structure and function of 
the intestine and a rise in serum and red-cell folate levels. 

5 of our patients showed improvement in the micro-
scopic structure of the small intestine. The 2 remaining 
patients (cases 5 and 7) showed no improvement apart 
from slight decrease in crypt height. Assuming that these 
2 patients have idiopathic steatorrhcea there are three 
possible reasons for the lack of histological improvement: 
(1) the gluten-free diet was not strictly adhered to; (2) the 
diet was not given long enough, reversion to normal 
structure often taking longer than six months (Yardley et 
al. 1962, Stewart et al. 1967); (3) not all patients with 
idiopathic steatotTlicea respond to a gluten-free diet 
(Cooke et al. 1963, Pink and Creamer 1967). It will be 
worth while continuing the gluten-free diet for much 
longer periods and then reinvestigating the patients. The 
lack of response in these 2 patients is unlikely to be due 
to deficiency of Paneth cells, which Creamer and Pink 
(1967) postulated as a possible cause of failure to respond, 
since there was no obvious abnormality of these cells in 
biopsy specimens. In those cases that showed histological 
improvement, there was also functional improvement. 

Hwmatologically the greatest improvement was in folate 
status. In the 1 patient (case 5) in whom there was no 
rise in the serum-folate level there was also no improve-
ment in the microscopic structure, the intestine or any 

1 
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clinical improvement. A rise in serum and red-cell folate 
levels in idiopathic steatorrhcea in response to a gluten-
free diet has been reported by Magnus (1966). 

In this group of patients there was fairly close correla-
tion between clinical, hmmatological, and intestinal 
improvement. Apparently the intestinal lesion in dermatitis 
herpetiformis is a gluten enteropathy which can be 
reversed by gluten withdrawal. Clinically it is important 
to be aware that patients with dermatitis herpetiformis are 
at risk of developing deficiency states. This does not 
imply that all patients with dermatitis herpetiformis 
should be given a gluten-free diet: as Cooke et al. (1963) 
pointed out, many patients with adult coeliac disease 
(idiopathic steatorrhcea) remain well without any therapy. 
A gluten-free diet may be of value in the treatment of 
dermatitis herpetiformis per se, particularly where the 
skin lesions are not adequately controlled by dapsone. 
Finally, the relation between gut lesion and skin lesion 
needs to be further studied to see if the fundamental 
defect is the same at both sites. 

We are grateful to Dr. Brian F. Russell and Dr. J. S. Pegum for 
allowing us to study patients under their care; to Prof. D. L. Mollin 
for helpful advice; and to the staff of the hematology department, 
the London Hospital, for help in this study. L. F. is in receipt of a 
grant from the Medical Research Council. 

Requests for reprints should be addressed to L. F., London 
Hospital, London E.1. 
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