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(a) 

(b) 

I, ' 

in vitro experiments 

an:Lllal experiments "', 
, (c) the human clinical trial to ,,date (two years). 

Fifteen copies of the following reports and publications, 

are fonmrded with this' addendum. (The only exception' is 

reference 6 of 1;vhich we have limited numbers. 
this are forwarded). 

'Five copies of 

1., Brady, B.H.G., Napper, D.H., and Smythe, B.M. 

"Dissolution kinetics of hydroxyapatite", 
Nature, 212, 77-78, Oct'. 1966. , 

2. 'Lilienthal, B., Bush, Elizabeth, Buclanaster, M., 

3. 

4. 

'Gregoi:y,'G., G";gols'ki, J., Smythe, B.M., Curtin, J.H., 
and Napper, D.H. 
"The cariostatic effect of carbohydrate"phosphates in 

the diet", Aust. Dent. J. 11, '388-395, Dec. 1966.' 

Napper, D.H. and Smythe, B.M. 
"The dissolution kinetics of hydroxyapatite in the 

presence of kink ',poisons"; J. 
Nov. -Dec.,. 1966. 

Dent. Res. 45;, 1775..,1783, 
;� 

Harris, R;, Schamschula, R.G., Gregory; G., Roots, Miriam, 
, Beveridge, J. 
"Observation on the cariostatic effect of calcium 
sucrose phosphate in a group of children aged 5-17 

years", Aust. Dent. J. 12, 105-113, April 1967. 

5.' Curtin, J.H., Gagolski, J., and Smythe, B.M . 
. "A food additive for the control of dental' caries", 
'Food Technology in Australia 19,. 508-513, August 196}. , , -

.1 '." I �--�= ' ' , .. ,,_ .. _-_ .. _ ... - . . . .  "-_ .. ,. ... " ...... . ... -
.

. ,, .. ,. ... . 
--- ....... �-...... ----- . . --.. -. 
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6. MadOlv, TV. G. 
liThe analysis of data obtaiI),ed in a dental caries trial 

involving calcium sucrose phosphate", Private Report by 

Stanford Research Institute, U. S.A. 
S.R.1. Project AM-5648 Sept. 1967. 

Brady, B:H. G., Napper" D.H., and Smythe, B.M. 
"The effect of additives on the, rate of dissolution 

of hydroxyapatite in unstirred acid buffers", Paper 
accepted for publication in J. Dent. Res. Jan. 1968. 

Lilienthal, ' B., Napper, D.H., and Smythe, B.M. 

"The hardening and softening of human tooth enamel", 

3 

Paper, accepted for publication 'in Aust. Dent. J., Jan. 1968. 
, ' 

9. Harris, R., Schamschula, R.G." Gregory, ,G., and 
Beveridge, J. 

, "The cariostatic effect of calcium sucrose ph�ate 
in a group of children aged 5-17 years", Aust. Dent. 
Feb. 1968 (in the press). 

Papers 1, 3, 7 and 8 comprise data from in vitro 
experiments. Paper 2 summarises animal experiments.,' Papers 
if' and 9 contain the results of 'the first two years of the 
clinical trial. Paper 6 is an independent statistical analysis 
by Stanford Research lnstitute of the two year results of the 
clinical tr'ial: Paper 5 is a' general, paper outlining the 
project as a whole. 

We submit that 'the data contained in these publications, 
considered collectively, conclusively point to the utility of 

. ... 
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I, 

calcium sucrose phosphates as cariostatic food additives, 

However, ,ve await the result's of the third year of the 

clinical trial before the evidence of ,the three years is ,finally 

presented for consideration by the National Health and Medical 

Research Council. 

Clinical Trial 

It ,vill be realized that a clinical trial' of the type 

required in this study is unique. To demonstrate that'an agent 

when added to a range of processed carbohydrate"foods is capable 

of reducing significantly the incidence of dental caries in 

consumers of such food, necessitates that the major part of the 

diet of the trial population is under control.. To obtain 
, . 

population groups in which all subjects are willing tO,accept 

such a measure of dietary control is not
,

a simple task. One 

of the fe,v such groups in Australia of sufficient size and pop­

ulation stability over three years of a trial are children 

living in welfare institutions in the environs of Sydney. 

Earlier surve�s had shown the impracticability of obtaining 

.sBch groups from priv?te boarding schools and indeed from 

,similar welfare institutions in the Melbourne area, The latter 

are not suitable because of the high turnover of children 

in these institueions, '(50% per annum). Even in the Sydney 
area it has been fotind that the number of children who will have 
been receiving the treated' foods for three years will be about 

, 40% of the original population of 619 in the ·test group. 

4 

This problem coupled with the large organizational problems 
and expenditure involved in supplying such nu.lubers of children 
with over 70% of their carbohydrate requirements precludes the 
carrying out of more than one trJ.'al. (�lh f h ' , e cost a t e ,present 
three year trial will be about $A400,OOO). 

'.,. 
.. 
, 

----_._ ... -._ ........ __ .... _------
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'Consequently, a trial had to be planned with care not'oply 
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to ensure complet� co-op�ration from all participating organizations 

and subj ects, but also to ensure that .results obtained were valid 

and were capable of analysis and assessment as to ,the - efficacy 

and safety of the , calcium sucrose phosphates as a cariostatic 
agent in the conditions of the trial. ,The complete 

responsibility for the protocol and medical and dental' 
examinations are in the hands of independent medical, dental 
and statistical experts. This Company has provided the 
considerable background services Vlhich a trial planned in 
the manner described necessitates. 

A single trial on a specific substance unsupported by 
in-vitro and animal experiments could not be considered to be 

proof of utility, . However, in the presen� case, not only a�c' 

the results of the trial supported by substantial evidence from 
these sources,- but they ar-e also supported by a large volume of 

in-vitro, animal and clinical evidence on the use of phosphates 
generally as cariostatic agents. 

This evidence �s discussed in detail in the papers 1-9 

forwarded as, part of this addendum. ,However it is desirable 
to SUIllluarise the main premises a_nd arguments on which the claim 

is made'that calcium sucrose phosphates 'are cariostatic agents. 
, '. 

:' 
Premises 

(a) 

It is generally agreed that dental caries ar�ses initially 
in man by the dissolution 'of hydroxyapatite from tooth enamel 

i (hydroxyapatite is a form of calcium pposphate comprising about 
95% of tooth enamel) by acids from the action- of microflora on 

-! carbohydrate foods _ present, in the mouth. 
I 
: 
1 
1 • • 

--� . .  �----" ----' �------ .- . .  -- -- - - -.. - ,,------
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It follows that any agent which can be shO\vn by 
in-vitro tests to inhibit the dissolution of hydroxyapatite 

could'Hell possess prophylactic cariostatic activity in man. 

(b) 

6 

The onse1;: of dental caries is signalled by sub-surface r;' 

decalcification of enamel which reduces the hardness of the 
'enamel surface as measured by conventional hardness tests. ' 

It follO\vs that any agent 'which 'can be shown by in-vitro 
tests to deposit a material into decalcified softened enamel, 
thereby rehardening it, could ,well possess both prophylactic 
and curative cariostatic activity in man. 

(c) 

lAg @xemplifigd hanmnQcll? l a numg@J;" gf ;[,mpg;rt"mt :o'l;;udi@ll 
on cariostatic agents have been published in which close correlation 
has been established either between in-vitro'tests and human 
utility or between animal experiments and human utility or 
between all these methods of evaluation, 

For example, the in-vitro studies by Str'alfo:r;'s on the 

inhibiting, effects of calcium and phosphat,e ions on the 

dissolution of dental enamel Here follow'ed by his further 

,studies demonstrating the reduction of den,tal caries in hamsters 

when inorganic calcium phosphate Has added to the diet of the 
experimental animal, and by his still furb.'1er studies in which 

the hamster experiment was translated to the human situation: 

Stralfors, A. -

(i) The effect of calcium and phosphate ions on the 
rate of enamel dissolution. Odont. Revy 10: 367, 1959. 
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·(ii) Inhibition of dental ca::ies in hamsters. I I  � 

The effect of tribasic calcilliu phosp�ate. Odont. ·Revy 12: 

124, 1961. 

(iii) Inhibition· of dental caries in hams ters. V ./' .. 

The effect of toothbrushing. Octont. xevy 13: 139" 1962. 

(iv). Sven Tandlag Tischrift 49: 108, 1956. 

(v) The effect .of calcium phosphate on dental caries 

in school children� 

Nov 0 -Dec. , 1964 o· 

J 

Suppl. J. Dentai Res., 43, 1137-1143, 

While it is recognised that a demonstration of the 
cariostatic activity of any agent by animal experimen�s is not 

conclusive of the cariostatic activity of that agent in man, 

?llimal �xperimen·cs are nonetheless aclmit·i;;ed to pl,�y ,,11 j;mp0J;"tant 
part in predicting the likelihood of such utility. 

iVhen it ha·s been demonstrated that a given agent 
selected from a chemically homogeneous group of materials is 
cariostatic in man and that this activity conforms ,\lith 
pre�ictions o.f its behaviour based on a: variety of in-vitro 
and animal ex:periments, and when it has been demonstrated. tha·t 

7 

other materials selected . from the group .behave similarly to the 
given agent in the same·in-vitro· and animal experiment situations, 

the conclusion may be drawn that all such members. of. the group 
are cariostatic in man. 

The. evidence of nearly 100 separate s·i:udies "is nearly 
unanimous that phosphates are effective anticaries agents in 
·rodents"·CA.E •. Nizel and R.S. Harris, Proc. ·Conf. on Phosphates 
and Dental Caries, Suppl. J. Dental ·Res. 43, Nov.-Dec. 19(64). 
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I 1 • . ,  t " 7here is a gro'\.ving azt10unt of evidence t 1at tnG ,carlogenlcl Y 0.1.. 

carbohydrate foods is reduced by th", inco:::'poration 'therein of 

phospha 'tes. (S.B. Finn and H.C. Jami,son, J.' Am. Dent. Assoc . 

74, 987-995, April 1967; C.K. Stookey, R.A. Carroll, J.C. Muhler, 

J. Am. Dent. Assoc. 74, 752-758, March"1967) 

ArJ1:ument 

In pa;:>er 7 ,>]hich has been accep-ted for, pub-lication ,in 

the Journal of Dental Research, it has been sho';m how calciuin 

ions, inorganic phosphate ions and sucrose phosphate anions 

can each reduce the rate of dissolution of hydroxyapatite and 

that the greatest effect occurs when all three of these ionic 

species are present at the same time. 

In another paper; namely 3 ,  it' has been shoiVl1 ho'w various 

organic phosphate ions (in'cluding glucose-6-phosphate, 

glucose-I-phosphate, fructose 1:6-diphosphate and sucrose 

phosphate) and condensed inorganic phosphate ions can markedly 

reduce the rate of dissolution of hydroxyapatite by a mechanism 

involving their adsorption,on the surface of the hydroxyapatite 

crystal. 

It is evident from the information in these two papers 

that any one or a combination ,of the ionic species calcium, 

inorganic phosphate and organic phosph.ate could well possess 

, cariostat:i,c activity in man when administered in a suitable 

carrier, suc-h as a foods'tuff. 

On the basis of this information, it can thus be 

predicted that agents likely to prov�, c�riostatic in,man are 

for example: soluble calciu;:n salts, (such as calciw-n nitrate), 

soluble inorganic phosphates (such as sodium or potass:i,w-n 

" 
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phosphates), and 'soluble organic pnosl)hates (such as various 

sugar phosphates) . The g��ates·t cariostatic effect -.;V'ould be 

expected from an ,agent comprising soluble calcium and soluble 

phosphate ions, either of inorganic and organic type. 

It has been pointed out in two papers, -2 and' 5, that the 

inorganic calcilli� phosphates themselves are insoluble, or 

become sparingly soluble in aqueous sytems, and these agents 

are thus not in a form best adapted to assert their, cariostatic 

properties. 

'1-
The essential advantages of the calcilli� salts of sugar 

phospJ:-Lates is tha't, unlike those of the inorganic phos phates or 

I 
! 

; 

other investigated organic phosphates, they are generally very 

i, ." soluble in water and would thus allow the inhibiting effect of 
i • 
i, 'ku-,p'n- nnlc,''''',-t J:)l'-lU� p'- 'n-6�p'- -t"l,Q1='�-'- c,'o�"n "'0 ;- � '""�'';,"r,'' ; - '-lo� --0-, O'-'cr'- ' 
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This has been borne out by the in-vitro experiments referred to 

above and by the experLkents with rats referred to in paper 2. 

In 'the course of the research proj ect which developed 

from these earlier findings, it was further found that some 

calcillill salts of sugar phosphates could be made containing 

appreciable quantities of inorganic calcium phosphates. As 

pointed out in paper 7" calcium sucrose phosphate made 'according 

to the method described in German patent No. 247, 809 (filed 

February 3, 1910) does not contain appreciable &Ilounts of 

inorganic' phosphate. However, calcillill sucrose nhosnhat'e made , , 

by the modified process described in,o!lJ:; original application 

to the N.H.N.R.C. can contain as much as 15% by iV'eight of 
inorganic calcilli"11 phosphate and surprisingly this phosphate is 
not'insoluble. The solubilization has been shown to be due to 
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·a complex interaction \vith the calci'G.m sucrose DhoSDhate. 
. ,  ... 1,. 

" 

As ·(o.lc�ld be expect"Gd fror.1 the" evidence o;utlined in paper 

10 

7 J these. complex associations> of calc:L:t-lin sugar phospha:tes and 

inorganic calcium phosphate, are even more effec,tive in 

inhibiting the dissolution of hydroxyapatite than calciUITL sugar" 

phosphates per se. This follow's because they contain soluble 

calciu'11 ions, ino:cganic phosphate ions and sugar phosphate 
ions, each of which inhibits hydroxyapatite dissolution. 

Complex associations of calciu.'1l sugar phosphates and 

inorganic calcium phosphate T.,lfere fOUi.1d to haye yet: another 

,advantage over both inorganic phosphates per se and sugar 

phosphates per se. In another paper, namely 8, it has been 

shown that calciu.'U ions or inorganic phosphate ions 'I\lhen added 

to ,vater (as distinctirom saliva) do not reharden softened 

hlliilan tooth enamel 0 Sugar phosphate ions alone also do not 

produce significant rehardening. , Ho,:7ever, when all three, 

ions, calciulTt, inorganic, phosphate and sugar phosphate are 

present tOge'ther in soluble form a significant degree of 

rehardening is obtained. 

For the reasons: 

(i) that sucrose is the most readily available sugar, 

(ii) that it is more economical to manufacture c'omplex 
associations of sugar phosphates and inorganic calcium phosphate 
than sugar phospha'tes per se, and 

(iii) that theoretical grounds suggest that such complex 

associations must be more effective than .sugar phosphates per 
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. calcium sucrose phosphates is finally predicated have been 

c·arried out on a calcium sucrose phosphate agent containing 

about 15% of solubilized 'inorganic calcium phosphate. 

The deg:ree of dental caries inhibition w�1ich ha·s been 

observed in t:hi� clinical feeding tria14, 6:0 9 T:-1USt, however, be 

at:tributable essentially to the calcium sucrose phosphate 

component of t�1e agent.· This follows because, at the level 

of the total agent used in th� trial (�% by \veight of the 

carbohydrat.e diet), the' level of -the in'organic calcillil1 

phosph'ate componen� is less than 0.15% by \.;reigh� of the overall 

. diet Q From the evidence shown in Table 5 of paper 2, as w·ell 

as from the conclusions to be drawn from the general review 

of Nizel and Harris (ibid), it· is obvious that this level of 

inorganic calciuill phosphate by itself cannot be responsible 

for producing the obtaii1ed degree of dental caries 

inhibition which has been demonstrated in. the clinical 

11 

.trial. Clearly .therefore, it has been established by this trial 

that calcium sucrose phosphates (no less than complex associa·tions 

of calcilli� sucrose phosphates and inorganic calcium phosphate) 

have· cariostatic utility in man. 

The sucrose phosphates .belong to a chemically nOillogeneous 

group of materials and there is no ev{dence that any of theill 

has a pattern of behavour in the' in-vi·tro' and aniillal " 

• 
experiments which have been des·cribed above ''Thich is illaterially 

diffe�ent from that of any 'other member of th� group� 
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The results of the clin:;"cal ieedi.ng trial th"llS conclusively 

bear out· the evidGnc"e accumulated f:toIa the l1,oted \Vide �ange of 
la.bora�cory tests and lead to the cor�clpsions that· calcium 

sucrose phosphates generally , ana complex associations thereof 

with inoz.:ganic ·calciunl phosphate have c'arios·tatic utili-ty. in n1an" 
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The Colonial Sug�r Refining Company Ltd. 

per General Man ager 
February 1968. 
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