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INTRODUCTION 

In recent years bacterial metabolic products have been isolated which are 
characterisetl by an iron coniplpx with an absorption maximum at 430 mp. 
They have been called siclerochrornes (Rickel at cZ., 1960). They have fairly 
different biological properties and have heen divided into three groups : 
sideromyciiis (antibiotics), sideramines (growth factors) and other sidero- 
chromes (biologically not yet differentiated). The sideramine activity has often 
been demonstrated in metabolic products of bacteria (Kaller-Schierlein r t  al., 
1964). Such activity has also been demonstrated in extracts from e.g. 
tomatoes and liver (Zir'hner et d., 1960) and inflammecl tissue ( WGhkr, 1964). 
The sideramines that have heen studied most, the so-called ferrioxamiries, 
are frirmed by Actinomycetes (Ziihner ct w l . ,  1962). 

Siderochromes are complex formations hetween organic thrihydroxaminic 
acids and trivalent Fe (Fig. 1). 

Of the sideromycins the chemical structure of ferrimyciri A (Bickel et d., 
1965) is known only; that of succiriimycin, of interest in the present investi- 
gation, is only partly understood (Hu,skell et ul., 1963). Of the sideramines, 
ferrioxamiiie B is the one that has been studied most. It occurs also without 
chelated iron (desferrioxamine) and then has great affinity for Fe3 '-. The 
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Fig. 1. The chemical strurtiire of ferrioxariiin B. (Keller-Shier k i n  et  t a l . ,  1964) 

stability constant of this conq)lcu is 103@’, hilc that of transferrin, the iron- 
transl)ortirig g1ol)uliii in serum, is Theoretically, this nieaiis that 
tlesferrio.iarriinc (:ail relcase iron from troiisferriri (,l/loeschdin & Schraider, 
1964). 

Because of its s t rmg aliilitp to  chelate Fes + ferrioxarriine L), lias been usetl 
in nictlicine to eliminate Iiathologirally increased iron from tlie body 
(Aloesch/ i~~,  196.2; KrGhkr, 1963; Fic,lc.ling P t  ul., 1966; IIallbarg et nl., 
1967 ant1 others). 

Accurtling to Ziihrzwr et < I / .  (196.’), the witle spread of the sitleramine acti- 
vity suggests that t e suhstances are essciitial for the mairiteriarice of cell 
furiction imtl that iliey act as (wmzynies in herriiii synthesis. 

In a I’revious investigation tlie transferrin value in the hlootl serum in a 
group of Iiersons with high caries freqiiencp ant1 a large iiurnber of lactoba- 
cilli in t h t  saliva I V ~ P  found t o  he higher tliiln in another group with a low 
caries frequency and  1 o ~ -  1actol)acillus count (LVordh, 1965). The higher 
transferrin value in tlie former pronIi was interpreted as a consequence of a 
v’nroiiic iron tlcficicncy. In the light of our present knoM-letlge of sitlerochro- 
mes, lio~-ever, it cannot 1)e extlucletl that 1)ersoris with high caries activity 
have tlesferrisitlerarnines in the oral cavity which chelate iron arid prevent 
its uptake or utilisntion by tlie body. It was therefore consitlererl worthwhile 
t o  stiitly the saliva for sitlcrocliromes and sitleramines. 

MATERI4L AND METllODS 

Bacteria Oxford strain Staphylococcus aureub (s 209) was used as test bacte- 
rium for sideramine activity. As possiible producers of sitleramirie the follon- 
ing hacteria were examined : rlctinon~ycc.5, isolated from the oral cavity, 
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Leptotrichiu : 3 strains: No; 18, 19, 20 (all courteously placed at disposal 
by ass. professor Goran Frostell, Department of Cariology Stnck- 
holm) ; Ltcctobucillus casri, L. pluntarum, L. ,ferment& I,. Leichmanni (from 
the State Bacteriological Lahoratory, Stockholm) ; Bucillus subtilis; Strrpto- 
coccus salivarius, S. mitis, S. fueculis, S. zyrnogenes. All were isolated from 
the oral cavity. 

A l d i u .  Beef Broth (7.5 g Beef Broth $10 g Peptorie $1 g Dextrose); 
Brewer-Thioglycollate Medium (Oxoitl); Brewer-Thioglycollate Medium 
(Oxoid) + serum; Bacto-Dextrose-Brotli (Difco) ; Tryibticase Soy Broth 
(BUL); Medium according to ZHhrier et al. (1960): 2 yo Soy flour + 2 y/o 
mannite + water, pH 7.3. 

Dcterniina,tion o f  siderocfzromes in saliva. 40 nil of saliva was ohtniried 
from a group of 19 persons with high caries frequency and a high lactoba- 
cillus count (2 600,000 lh/ml)*, and from a group of 9 persons with low 
caries frequency and a 10%- count (2 10,000 Ih/ml)**. The flow of saliva 
was stimulated by  chewing of paraffin. Samples were obtained in the morning 
liefore hreakfast arid before the teeth were hrusliecl. The aruonrit was reduced 
to ahout 15 ml i n  a vacunm. The sitlerochromes were extracted with lienzyl 
alcohol by the method of Krhcrlk (1964). To a 15 ml centrifuge tuhe 
acicled 6 nil concentrated saliva plus 6 rril of trichloracetic acid, which were 
then shaken vigorously and centrifuged. Of the supernatant fluid, 5 rr i l  was 
transferrecl to each of two centrifuge tubes. To the one tube was atlded 0.15 nil 
of 0.6 yo FeCI,-solution. The tuhe was allowed to stand for at least 5 minutes, 
after which 3 ml of saturated NaHCO,, 1.5 g NaCl and 5 ml henzyl alcohol 
were added. The tnlje was then vigorously skialien for at least 1/2 minute 
arid centrifugcd. The ljottom layer was pipetted off. Washing \+-as repeated 
a further 2 times. Of the benzyl alcohol, 4 nil was transferred to  a serum t ihe ,  
and 1 nil ethyl alcohol was adtletl. 

The same procednre was performed with the other test tube but withont. 
addition of FeCl,-soliition. The tw-o benzyl alcohol solutions were read in a 
spectropliotometer( IJriicaiii SP 500) at 430 inp. From the difference between 
the t w o  d u e s  read the siclerochroine-q~iantity was determined with tinsfer- 
riousmine B as a standard. 

Llrterniination of sideramme actwitj in saliva and culture 
I. Suliz~u. A, 40 ml of saliva %:is mixed Mith an u p 1  volume of 90 
methanol, filtered arid evaporated in a vacnum to half its volume. E q d  

* Hereafter called wlactobacill-mil1.i) 

* *  Hereafter called nLactobacil1-Oa 

- _ _  



l m t s  of acetonr were adtlrtl and the solution v as centriftiged and evalroratt'tl 
in  vaciiiiin to  about 4 inl. The coiicentratc~ \+as tested immediately for sitler- 
aniine (ferrioxaniine R) activity. 

€3.  With a fourfold voli~riie of ether sitlcraitiiiies were extractell froin tlw 
herizyl alcohol from the quantitatire clrtcriniiiation metliotl, ant1 tlie extract 
vas  dissolved in water and tested for frrrioxainirie I3 activity. 

The testing for ferrioxamirie H activity c ~ a s  performed essentially accortlinp 
to the specific ))antagonist test)) according t o  Bonifus (1952) ant! Ziihrrcr ct (11. 
(1960). A hlootl agar plate inociilatetl u itli ii 24-hoiir cultiire of Oxfortl strain 
Slaphylococcus aureiis (S 209) (F,'r'riX..sson, 1960) was I)repare:l. .4 strif) of 
filter 1)aper soaked with ferrirnycin (Siiwiiiiinycin, CIRA A 22165) was 
first placetl on the plates and tlien transverse strips with the bacteria or orgaiiic 
suspensiion to he tested for sitlerarriiiic activity. After the paper strij)s hat1 
been applicd to the plate, the latter was kept at rooni temperature for 3 lioiirs. 
After 3-5 Iiours' iiicuhation at 37°C an inhihition zone was observecl a ro~ind  
tlie paper containing ferrimycin. If the papers plac 1 at right angles to  this 
strips (zone) contained ferrioxaitiine R, the Ilart of the inhibitioii zone nearest 
the papers became narrower. The degree of iiarroii iiig varying with the con- 
centration of the ferrioxamirie (Fig. 2). 

11. Culture medium. Bacteria from plates uere cultured in  10 rril l)rotli 
for 2-3 (lays. When growth was good a further 40 rnl was iiiocnlatetl of 
the same medium. The culture was inculxitetl at 37°C for 6- 8 (lays. 

To tlie medium were atltletl 5 in1 of 0.6 7; FeCl, ant1 2 yo Hyflosripercrl 
(Ziihner P t  nl., 1960). The flask was carefully shalien and then alloMetl t o  

stand for half an hour. The hacteria were filtrred off and to the clear, filteretl 



SIDEKOCHHOMES I N  S-ZLIVA 497 

mecliurn was added 10 ml of a 65 ”/; f,heriol-chloroforrn solution. This \+-as 

shaken for one minnte antl centrifuged at 4,000 r.11.n~ for half a n  hour. The 
1)henol-chloroform part was washed with water, after which a fourfold volume 
of ether was atitled. The activity factor was dissolvetl in half a voliinic of 
water. The mixture was evaporated to about 2 nil in vacuum. 

RESULTS 

()iui 12 t itn t iuc dct errrzinat ions (? f s ideroc hi-o mcs 

Determinations were made iri a group of 19 ~~Lactohacill-mill)). Of these, ‘1, 
deierminations were made in 4 persons, 2 in 10 pers. antl 1 in 5 per$. In the 
prolip of ))Lactobarill-0)) determinations were made in 9 persons: 3 in 3 liers., 
2 iii 1 per$., a i d  1 in 5 pers. 

The 2 groups were not studied separately according to  sex. The first proill) 
consisted mainly of males; the latter, mainly of females. 

hleans (hl) and standard error of the Means E(M) of the 2 groups were: 

rlactobacill-mill.)): M = 7.1 ,ug/ml 
t(Pvl) i 0.56 
II = 41 

E ( M )  & 0.23 
11 = 16 

rluctobaci l l -0)):  M = 1.8 ,ug/ml 

The difference between the 2 groups shou-etl a t-value of 8.5 (p < 0.001). 

Table I. 
Quahati t ie  sideramme ac tmty  deterrnincitzons in salzva. Antagomst: 30 pglrnl succznirnycm 

(CIBA A 22765) 
-~ -~ ~ - ~. ~- 

i 0  + 21- 3+ 4 1  
~ ~~ - ~- - - -. ~ ~~ - -~ -. ~ - 

Ferrioxarnine R 
2.5 yg/ml 
Reference 
n = 70 
i)Lactobacill-mill.a 
n = 23 
rlactohacill-Oa 
n = 43 

0 6 33 52 9 

0 56 26 9 9 

26 30 33 11 0 
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Qualitative determinations in saliva of sidrramine activity. 
The determinations are given in Table I., where the competitive effect of 70 
antagonist-test detcrrninations with 2.5 pg/ml ferrioxarnine B and 30 ,ug/ml 
succinirnycin graded from 0 to 4+ anti with Staph. aureus S 209 as a test 
strain was used as reference (Fig. 3).  

On comparison between the reference series a i d  the group vlactobacill- 
mill)) and alactobacill-0)) Loth test groups hati  a lower effect than the reference 
series. The largest tliffererice hetween the two test groups was that the ))Lacto- 
bacill-inill)) group Iiad the largest riiirriher of high values and the sLactoba- 
till-0)) group the largest riiiirilier of 0-valiies. 

Fig. 3. A hlood agar plate with Staph. aur. (S 209) as test Ilacterie. In the horizontal paperstrip 
succinirnycin (Fehfy, 30 pg,’rnl). In the first (1) certiral strip ferrioxaniin R (FeOx, 2,s ,ug/ml) 

,.,,Co,.mmnc~ I n  tho cnor\n,4 i l l1 e , a l ~ T r a  mvtr.,rt fV,,-. t h o  .,1 ~ ~ ~ ~ + ~ ~ h . ~ A l l L m ~ l ~  , \ L , ~ W > ~ Z ~  and in 

11-mi1j.o- 

Fig. 4. A blood agar plate with Staph. aureus as test Lacterie, cultured from the oral cavity. 
In the horizontal paper-trip succinimycin (FeMy, 30,uugjml.) In the vertical strip to the left 
(FeOx) ferrioxarnin B (2, i  ,ug/nil) as reference and to the right saliva extract from the u1,acto- 

Thc inhibitory effect is similar at lroth vertical strips. 
bacill-milj.i~-groiip. 
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The results from an antagonist test with 2.5pglml ferrioxarnine B and 
30 pg/ml succinimycin as reference and )~Lactobacill-mill.~~,-saliva with a 
strain of Staph. aureiis from the oral cavity as test strain are given in Fig. 4. 

Qualitative determinations of sidcramine activity in bacterial media 

The results of the qualitative determination of sideratnine activity in bacterial 
media is apparent from Fig. 5, 6, 7 arid 8. with text. 

Fig. -5. Results from ))antagonist test)) w-ith Actinornyces, cultured from the oral cavity. As test 
hacterie on the blood agar plate: Staph. aur. (S 209). In the horizontal paperstrip succinirnycin 
(FcXIj-, 30 ,ug/nil), in the vertical strip to the left ferrioxainin B (FeOx, 2,5 pg/ml) and in the 

Thc inhihitory effect of the Actinornyces extract is greater than that of 2,5 ,ug/ml ferrioxa- 
vertical strip to the right culture extract of Actinornyces (Act.). 

niin B. 

Fig. 6.  Results from ,antagonist testa with Bacillus subtilis, cultured from the oral cavity. As 
test hacterie on the blood agar plate: Staph. aur. (S 209). In the horizontal paperstrip succini- 
mycin (FeMy, 2,5pg/ml), in the vertical strip to the left ferrioxamin B (FeOx, 2,l pg/ml) and 

in  the t(ertica1 strip to the right culture extract of Bacillus subt. (B.s.). 
The inhihitory effect of the B.s.-extract is greater than that of 2 , l  pcrg/ml ferrioxamin B. 
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1:g. 7. Results from santagonist tests with Leptotrichia 18, 19, 20, according to G. Frtistell 
(see text), As test hacterie or. the blood agar plate: Staph. aur. (S 209). In the horizontal paper- 
strip surcinimycin (Fehly, 30yg/nil), in the vertical strip to the left ferrioxamin B (FeOx, 2.5 
pg/ml) and in the strips to the right culture extract from Leptotrichia 18, 19, 20 (L. 18. 1.. 19, 

The inhibitory effect is similar to that of ferrioxarnin B, 2,5pg/ml, of I,.-18 and of I..-]% 
L. 20). 

extract, smaller of I,.-ZO-extract. 
(At  sXr in the picture light reflexcs at photography.) 

Fig. 8. Results from ))antagonist test)) with Nocardia, cultured from the oral cavity. A s  test 
bacterir on the blood agar plate: Staph. aur. (S 209). In the horizontal paperstrip succinimycin 
(FeMy, 30pglrnl) in the vertical strip to the left ferrioxamin B (FeOx, 2,5pg/rnl) and in the 

The inhibitory effert of the Noc.-extract is greater than that of 2,5pg/ml ferrioxamin R. 
vertical strip to the right culture extract of Nocardia (No.). 

(At  OXS in the picture light reflexes at photography.) 



SIDEROCHROMES IN SALI\ A 501 

DISCUSSlON 

Siderochromes Nere denionstrated in the saliva. In the group oLactohacil1- 
mill.)) the amonrit w-as larger than in the group oLactohacill-Os. The differ- 
ence was highly significant. I n  the group ))Lactobacill-mill.)) there were some 
siderochromes in the form of desferrioxamine, which could not be deniori- 
strated in the group alactolmil  -0)). However, in control test with parotid 
saliva obtained under sterile conditions from 3 of the persons in the latter 
groui) it was ~>ossible to demonstrate siderochromes (average 2.8 ,ug/ml), 
and some of these occurred as tlesferrisitierochromes. 

The difference between the two groups may be due to several factors. 
First of all, one might assnme an addition of sideramines from the bacteria 
in the oral cavity in the group ))Lsctobacill-niill)) with its abundance of plaques. 
To check this assumption the sideramiiie activity in the bacterial cultures 
%-as tletermined. Of these, it was found that strains of Actinomyces, Lepto- 
trichia, Nocardia and Bacillus suhtilis were good producers of sideramines. 
Strains of Lactohacillus and Streptococcus show-ed only weak siderarnine 
activity. Other differentiating factors miy be the rate of secretion of saliva, 
filtration from serum a i d  supplementary iron from the food. 

Since the Actinomyces, Leptotrichia and Nocardia, which usiially occur 
in the plaques, are producers of desferrisicleramiries, it cannot be excluded 
that Fe3 ! is released from the ferritin in the enamel surface and in this way 
exposes apoferritin to proteinolysis. Chelation requires a low pH arid phos- 
phate ions in excess (KeberlC 1964). Also in the qualitative determination a 
difference was found between the two groups: a larger number of 0-values 
in the ))Lactobacill-O,-groiip. Agreement between the two methods was, 
however, not to he expected because KeberlB’s method measures for the whole 
amount of siderochrornes, while the antagonist test shows the presence of 
sideramines inhihited by the ferrimycin succinimycin. 

That the test papers also contained several sideramines was apparent from 
that part of the outlines nearest of the inhibition zones. They were often 
diffuse, presumably because of a different degree of rate of diffusion and 
relative activity of the sideramines (Keller-Schierlein et al., 1964). 

A question of interest is the significance of the Occurrence of desferrisi- 
deramines in saliva for the turnover of iron in the body. The mechanism of 
the absorpt.ion of iron in the intestinal niucosa is not properly understood, 
nor is it Itnown why iron accumulates in the reticuloendothelial system in 
inflanimatory coriditioris (Wheby et al., 1963; Crosby, 1963; Karabus et al., 
1967.). Because of the high stability constant of sideramines, the latter may 
exert a cert.ain influence on this mechanism, especially on the transfer of iron 
from the intestinal mucosa to the plasma. An excess of desferrisideramiries 
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in the serum woidd, by chelation of Fe3 + and excretion to the kidneys, 
also result in higher values for transferrin in the serum because of iron tlefi- 
ciency (Brendstrup, 1950; Luurell, 1960, 1963). 

As previously mentioned, the growth factors of sideramines constitute 
growth factors for some bacteria. One must therefore expect siderarnines in 
plaques and saliva heing a governing factor for certain types of bacteria and 
thereby influence the ecology of the oral cavity. 

The synthesis arid hiologicnl fiinction of siderochromes is not properly 
understood. The occurrence of siderarnines in  the oral cavity may prove useful 
in the investigation of caries. 

SUM MA 1tY 

Siderochromes ant1 Sideramines, complex formations between organic tri- 
hydroxamic acids and Fe"' have been demonstrated in saliva. The aniount 
was significantly larger in a group with high caries freqnency and high lactohac- 
illns count than in a group with low caries frequency arid low lactobacillus count. 
The difference may be due to differences in the oral flora Ilecause Actinomy- 
ces, Leptotricliia and Nocardia, which are common in dental plaques, proved 
to he good producers of sideramines. Rut sideramine activity was demonstra- 
ted also in parotid saliva collected wider sterile conditions from persoris 
with a low caries frequency and with low lactobacillus count. Sideramines 
are growth factors for certain bacteria and may thus constitute a governing 
factor in the ecological conditions in the oral cavity. The affinity of siderochro- 
mes for Fe3+ and the high stability constant of this compound may perhaps 
shed new light on the pathogenesis of caries. 

FiksulLri 
LES S I D ~ R O C H R O M E S  DE LA SALIVE CHEZ LES PERSONNES P R ~ S E N T A N T  U N E  

F R i Q U E N C E  DE LA CARIE k L E V k E  O L  BASSE 

Des sidCrochromes et des sidbramines, comhinaisons entre les acides organi- 
ques trihydroxamiques et Fe3+ ont CtC mis en Cvidence dans la salive. On 
les trouvait en quantit6 significativement plus abondante dans un groupe 
prksentant une fr6quence de carie 6levCe et chea qui  la numkration des lacto- 
baeilles donne des valeurs CIevCes que dam un groupe ayant tine faible frC- 
quence de carie et des valeurs peu ClevCes i la numkration des lactobacilles. 
Cette diffhrence peut &re due i des diffkrences entre les flores buccales, 
p i q u e  les Actinomyces, les Leptotrichia et les Nocardia, qui sont courants 
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dans la plaque bactkrienne dentaire, sont apparus comme de bons producteiirs 
de sidkramines. Cepenrlant, l’activitk sideramine a aussi CtC constatke dans 
la salive parotidienne recueillie dans des conditions &riles chez des persorines 
ayant une faible frkquence de carie et des valeurs peu klevkes B la numkration 
des lactobacilles. Les sidkramines sont des facteurs de croissance pour cer- 
taines bactkries et peuvent ainsi constitiler un facteur dkcisif pour les condi- 
tions Bcologiques dans la cavitk buccale. L’affinitk des sidkrochromes envers 
Fe3+ et la constante t3e stabilitk ClevCe de ce composk permettront peut- 
&tre d’6claircir de nouveaux aspects de la pathogknese de la carie. 

ZUSAMMENFASSUNC. 

SIDEROCHROME I M  S P E I C H E L  VON VERSUCHSPERSONEN M I T  H O H E R  UND M I T  

NIEDRIGER RARIESFREQUENZ 

Siderochrome und Sideramine, komplexe Bildungen zwischen organischen 
Trihydroxamsgnren imd Fe3+ liorinte man im Speichel finden. Die Menge 
Menge war signifilcant grosser in der Gruppe mit hoher Kariesfreqnenz lint1 
hoher Lactobazillenzahl als in der Gruppe mit niedriger Kariesfrequenz iind 
niedriger Lactobazillenzahl. Der Unterschied lian moglicherweise clamit 
erklart werden, dass in der Gruppe mit hoher Kariesfrequenz u.a. Actino- 
myces, Leptorichia und Nocardia vorkommen. Die angegebenen Organismen 
findet man reichlich in dentalen Plaques urid sind gute Sideraminbilder. 
Aber auch im Speichel, gewonnen unter sterilen Verhaltnissen von Versuchs- 
personen mit niedriger Karieefrequenz und niedriger Lactobazillenzahl 
konnte man Sideraminaktivitet beweisen. Die Sideraminen sind ein Wach- 
stumsfaktor fiir gewisse Bakterien und lionnen solcherart einen Steuerungs- 
faktor fiir die eliologischen Verhiiltnisse in der Mundhohle bilden. Die 
Selektivitat der Siderochrome zum Fe3+ untl dessen hoher Stabilitatskon- 
stante ltiinnen ausserdem der Pathogenesis des Kariesprozesses neue Aspelcte 
zufiihren. 
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