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Skrecr CoMMITTEE ON
Nurnition axp Husiay Niens
Apml 11, 1978.

HEARING ON PHOSPHATE RESEARCII AND
DENTAL DECAY SCHEDULED

Senator George 5. McGovern (D.-S.D)), chaivman of the Select
Committee on Nutrition and Human Needs, announced today, a
committee hearing on Monday, April 16, to take testimony on the
subject of research into the use of phosphates to prevent dental decay.

Senator Richurd Sehweiker (R~Pa.) will chair the hearing scheduled
to open at 9:30 a.an. in room 1318 of the Dirksen Buitding.

. The purpose of the hearing will be to explore certain dental health
gquestions raised duriug the comniittee’s recent hearings on the Tele-
vision Advertising of Food to Children.!

1t was brought o the committee’s attention during those hearings
that considerable research has been conducted on the possibilities of
adding phosphates to various foodstufls—presweetened cercals and
refreshment drinks—to help reduce the problent of dental deeay in
children.

Some of the most extensive research in this area was privately
conducted during the *ast deeade by the General Foods Corporation -
with the special approval of the Food and Drug Administration, The
committee’s hearing will focus on these studics. '

Representatives of the Food and Drug Administration, as well as
the General FFoods Corporation will testify.

" 18ee pago 11 for scheduls of hearings.
(1v)
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NUTRITION AND DISEASE

Phosphate Research and Dental Deeay

MONDAY, APRIL 16, 1973

U.8. Sexare
SpuEcT COMAMITTEE ON
Nurerrioy axn Husan Neeps
Washington, 1).C.

The Seleet Commitiee met at 10:15 aum., pursuant to call, in room
1318 of the Dirksen Building, the Honorable Richard S. Schweiker
presiding.

Present: Senators Sehweiker and Perey,

Stafl members: Kenneth  Schilossberg, staff director; Narshall
Matz, assistant counsel; Vernon M. Gocetelieus, chiel, minority
stafl’; and Elizabeth P. Hottell, professional staff,

Senator Scaweiker. The Select Committee on Nutritton and
Human Needs will please come to order.

[ want to begin by apologizing for the delay in the hearings. Nor-
mally, 1 am very punectual, however this morning the administration
elected to announce 274 hase closings around the country. Euch
State and Appropriations Cemumitlee member was well briefed on
which States were affected-—32 States were, including my own—thus
1 had to be there Lo hear some of the bad news, T do apologize lor
being late, but, under the cirenmstances, there wasn’t much I eould
do about it. :

OPENING- STATEMENT BY SENATOR SCHWEIKER, PRESIDING

I would like to open by thanking Senator MceGovern for asking
me o chair today’s licaring of the Senate Seleet Committee on Nutri-
tion and Human Needs. ' '

Today we will hear testimony on rescarely into the use of phosphates
to control dental decay. Last month this committee held hearings on
television - advertlising of food {o children which raised questions
about dental health. Specifically, we raised guestions about the effect
of presweetened foods on children’s teeth. At that time, the subject
of adding phosphates—a potlentinl wooth sirengthener-—to various
foodstull's s o means of deterring tooth decay was brought up. We
are going to look further at phosphate additives today. ,

The General Foods Corporation has conducted extensive research
on phosphate additives with the approval of the Food and Drug
Adnministration, and vepresentatives of both FDA and General
Foods are here toduy. ‘ , o
“General Foods has condueled tests in the area of phosphate addi-
@y rith both cereals and beverages, and we will be examining those
EMC : (547)
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tests. One specific test, which was part of a series of cight tests on
cereals, relates directly to the committee’s hearings last month. This
particular test show=d that children ecating presweelened cereals
tended to have more cavities than those eating nonpresweetened
cereal, cven though cach child had sweetened the nonpresweetened
cereal according to his own taste. These results arce -of great concern
to me, and to the other members of this committee.

In addition, General I'oods conducted tests adding phosphates Lo
cortain beverage products. Results from these tests showed that
when phosphafes are added to fumaric acid—a frequent beverage
additive used to produce tartness—the phosphate lessened the danag-
ing cffect of the acid on tooth cnamel. Fumaric acid is o less expensive
substituie for citriv acid which is found in numerous beverages sold
to the public daily.

Although the hearings today are directed toward phosphate re-

_search, I do not feel that additional facts concerning food products

which are raised by this rescarch should go unuoticed, especially in
light of this corumittee’s previous hearings on dental decay in children.

I feel that General Foods Corporation should be commended for
their research in this field, and for their willingness to discuss their
findings with the committee. Their tests and findings can be most
useful to all companies and individuals concerned with making our
food prodiets as nutritious and beneficial as possible.

Senator Perey?

STATEMENT OF SENATOR PERCY

Senator Percy. Senator Schweiker, I amn very pleased to be here
this morning. I know of your own particular great interest and ex-
pertise in this field, and I know you have made a major contribution.

I would like to join you in welcoming General Foods this morning. -
I have had a working relationship with management of General Foods
for over 20 years. Claire Frances, board. chairman, and I served in
starting cducational television in this country—when we spent $22
million of the Ford Foundation woney in starting with this new
concept. : : o

If T have any conflict of interest at all, it should be revealed that
their past chairman has been a director of Bell and Howell Company,
and has been a very, very close friend of mine for many, many years.

But I look on the rescarch that has been done in this field as ex-
ceedingly important. We arc grateful that General Foods will share
it with the gencral public and with us. Also, if I have any critical
3uestions, my friendship with the company will not in the least

eter me from asking them. We are here to learn as much as we
possibly can.

Thank you. _

Senator Scuweiker. Thank you, Scnator Perey. I'd like to call,
then, as our first witness, Dr. Lloyd B. Tepper, associate commis-
sioner for science, Food and Drug Administration, Public Health
Service. Dr. Tepper, we welcome you to the committee. Again, I
apologize for the delay, we normally arc not tardy.

I wish you would identify your associates for the record.
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STATEMENT OF DR. LLOYD B. TEPPER, ASSOCIATE COMMISSIONER
FOR SCIENCE, ACCOMPANIED BY DR. OGDEN C. JOHNSON,
DIRECTOR, DIVISION OF NUTRITION, OFFICE OF SCIENCES; DR.
CLARENCE C. GILKES, DENTAL OFFICER, DIVISION OF SURGICAL-
DENTAL DRUG PRODUCTS; AND MR. GERALD F. MEYER, DIREC-
TOR, OFFICE OF LEGISLATIVE SERVICES, FOOD AND DRUG
ADMINISTRATION, DEPARTMENT OF HEALTH, EDUCATION, AND
WELFARE '

Dr. Treper. Mr. Chairman, thank you. I'd like to introduce
Dr. Ogden C. Johusou, to my right, who is difector of the Division
of Nufrition with the Burcau of Foods. T'o my left, Dr. Clarence C.
Gilkes, dental officer, Division of Surgical-Dental Drug Products,
Oftice of Scientific Evaluation, Bureau of Drugs; and Gerald F.
Meyer, director of the Office of Legislative Services.

We shall attempt to answer whatever questions you might hiave.

We are very pleased to appear before you this morning to discuss
a new drug application (NDA) and investigational new drug (IND)
applications submitted to the Food and Drug Administration (FDA)
by General Foods Corporation. These petitions concern the addition
ol monoscdium diliydrogen pliosphate to certain pre-sweetened break-
fast cereals and bevernge mixes for the purpose of inhibiting dental
carics. We will aslo attempt to address the committee’s broader
interest regarding the use of refined sucrose in foods. The Department
of Health, Education, and Wellare (DHEW) certainly shares the con-
cern of this committee with problems of health and nutrition which
affect our population, including dental health and tooth decay.

Spacifically, I should like to draw attention to the efforts conducted
by the National Institute of Dental Rescarch and the National Caries
Program, which are specifically concerned to a large degree with thie
problem of dental caries.

APPLICATION ON ProspuaTEs SuByitTED BY GENERAL Foobs

Now, first this morning, with respect to the petitions on phosphates
which were submitted by General Foods. In regard to the possible’
value of phosphates in reducing dental caries, General Foods Corpora-
tion first submitted an IND application to us on September 21, 1964,

- to study sodium phosphates in a variety of prepured breakfast cereals
for the purpose of inhibiting dental caries,

On September 20, 1965, 1 year later, the firm submitted an NDA-
proposing the use of monosodium dihydrogen phosphate in five pre-
sweetened breskfast cereals, namely, Post Alpha Bits, Post. Crispy
Critters, Post Sugar Crisp, Post Sugar Sparkled Flakes, and Post
Sugar Sparkled Rice Krinkles.

TDA’s review concluded that the clinical data submitted were
insufficient to support the cffectivencss of the substance, and the
claims made in labeling. The application was considered “incomplete’.
and a letter was issued on May 19, 1967, notifying the sponsor of
this fact. ' L

“This application was amended on January 3, 20, and 27, 1969, and
finally resubmitted on February 12, 1969, with the specific claim that
-the substance—that is; the phosphate—‘‘ . . . reduces cavities in
children and adults who eal presweetened cereals.’” " ‘
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The FDA review concluded that the application was “not apprev-

able”” because of deficiencies in clinical data and labeling. There were
problems in_this rescareh which focused on a rather hwh dropout rate
among pariicipants in the study. In any study, one must be cantious
when there is a loss of people who entered the slnd\' at the beginning.

There was some question as to objectivity in the |lld"‘[11(’llb of the
progress, in the character and extent of the caries in the mouth; the
readinegs of the conditions of teeth seemed to be variable, and inter-
pxctnhlon eriteria were insufficient,.

The caries rate, even in controls, seemed to be progressing at a rate
whicly, 1f carried on for a numbex' of vears, would have removed all
the teeth from the mouths of tliese children, "The curve, when plotted
from year to year, in other words, was suclt that a much higher caries
rate was (\\porlenccd than niight bc noted in any selecied population.
This implied that the readings of the condition of the teeth was not
well controlled. There was some question as to the judements which
were made upon gxurination of the teeth of the participants in the
program. .

At any rate, General Foods withdrew their New Drug Application
in a letter dated August 14, 1969,

The corporation also submitted three IND apphm(zom in late 1966
to study the use of monosodium dihydregen phosphate in a4 nonear-
bonated, {lavored, instant soft drink mix (Kool-Aid), its artificially-
sweetencd counlcrme (Pre-sweetened Kool-Aid), amd an orange-
flavored breakfast drink mix (Tang). The purpose for wlding (his
substance to these drinks was to iuhibit dental caries. .

In June 1970, the sponsor notified FDA that these studies were
(hs( ontinued because of the presence of eyvclamates in the produet,

The letter further stated that one of the investigators for these
Qlll(h(‘\ found that- the beverage 1)]0(]11(1\ used in certain of the
studies without the additives resulted in a higher incidence of caries
than the same products with the additives. Although the sponsor did
not complete its review of these studies, it elected to  add the substance
to the products without making any specific nutritional ciaims for
effectiveness of the additive.

Monosodium dihydrogen phosphnte is Generally Recognized As

Safe (GRAS) for use in food products and, provided no lhcrap('uu(-
claims are made, way be added without further FDA approval.

Your staft has asked why, based on the sponsot’s letier, FDA did
not alert the industry and/or the public to the fact that Genm al Foods
learned that certain presweetened cereals and beverages resulted in a
slightly higher incidence of tooth decay. In the slmplcﬁ of terms, we
do not believe this stindy was conclusive and it contains some con-
{radicting evidence,

I mentioned there was some doubt as to the rate of caries dev clop-
ment. There was some question as to whether or not the observers
knew the preparations which the subjects were receiving. In other
words, if an individual interpreting the condition of the tecth actually
I new thc group with which the subject was associated, there mlth
be some introduced bias,

Also, there was not entirely contr ollcd cmmunpuon evidence. T xL
is Lo say that, in studics of this type, one may infer that subjects cating
presweotencncd cereal may have a higher caries rate. This may be
tluc but it may be due to Lhe fact that these children ave cating more

- e e
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coreal. Perhaps these cereals are more uppealing to those who cat ‘them,
and therefore the quantity consumed of the presweetened variety is
greafer than that which % consumed as sweeteued by the consumer
himself.

This may occur even though preweighed boxes are distribufed to the
participants. It is also unclear as to what extent other variables, such
as the diets of participunts in the study, miay have affected the results
obiained. :

At any raie, the: FDA did not accept data submitted in the NDA
as sufficient basis to approve the substance as 4 drug; and, conversely,
could hardly consider the additional information learned as u basis for
a major public or industry warning. Additionally, we helieve there is o

Mairly widespread understanding that products containing increased

amounts of refined earbohydrales are more likely to contribute to
inereased acidity in the mouth and subscquent tooth decay—dis-
counting all other factors such as proper dental hygiene. Furthermore,
we are eoncerned about the total phosphate intake in the diet and its
relationship to the metabolism of other minerals. '

In this context, additional phosphate may be very good for the
teeth, but we are also concerned about the relationship of phosphates
to the total body welfare, not just the teeth.

Rerinep CanrBouypraTes IN Foobs

Now a few remarks about sugar in foods in general. With regard to
the broader issue of the use of refined carbohydrates—that is, sugar—
in foods, the committee should understand that this is a complex
matter. First of all, sucrose, the principal simple sugar, is naturally
present in many foods; and, whether occurring naturally or added,
would have the same affect. There is nothing peculiar or distinctive
about sucrose added as-opposed to sugar whicl is an intrinsic con-
stituent of a food material. .

An evaluation of the effects of various foods on the prevalence and
severity of dental caries must also take into consideration not only the
conposition of the total diet, but such factors as the frequency and
length of exposure to the food, the dental hygienc practiced by the
individual, and the fluoride content of the available water supply.

In considering the relutionship of sugar to the total diet, it is appar-
ent that an increase in the proportion of processed food in o diet will
almost certainly lead to an Increase in sugar consumption. The role of
sugar as a functional ingredient in baked products, such as cnkes'and
cookies, 1s essential and usually cannot be reduced without adversely
affecting the product. The use of sugar as a sweetening agent to in-
crease the acceptability of certain foods has been practiced for a long
time both by manufacturers and consumers. This includes the use of
table sugar on products such as breakfast cereals, fresh fruit, or home
prepured desserts. S ’ o '

Sugar as a component of confectionery products provides sweetness,
and, in some cases, texture. In all cases, the sugar that is present is a
possible contributor to the problem of dental caries. In this regard,
the déntal profession has been actively working to educate the public
to. use more cffective procedures of dental hygiene and limit their
intake of food components which contribute to mereased dental caries.

96-191—73—pt. 6—u2
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Modification of the diet is obviously an individual’s responsibility.
Ingredient labeling of food products does provide the consumer with
useful information if there is a concern for the presence of sugar in a

roduct. For most foods in the marketplace, the presence of sugar is-
identified in the product ingredient statement. For other foods, such
as some of the standardized, canned fruit products for which such
labeling is not required, the presence of sugar is understood by the
consunier since the product is packed in what is defined as a “sirup.”

Many of these products, in addition, do carry an indication that
sugar is a component of the ‘“sirup.” For some products, it is virtually
self-evident by nature of the product that sugar is a major component. -
This is particularly true of candy and confectionery products and of
many dessert products which are considered by the consumer to be
high in calories because of their sweetness and %ﬁgh sugar content.

Concern has also been expressed at the appurent Increasing quantity
of sugar consumed through the wider use of fabricated foods. Some
have suggested that restraints should be put on the amount of sugar
that is present in food in order to change the consumption pattern.
However, such restraints on the use of refined sugar must be carefully
considered in relation to the total diet. Those individuals who are now
consuming a diet adcquate in calories and are at an acceptable body
weight would have to replace the eliminated sugar calories with other
food calories. Tliose which are available are in protein, fat, and carbo-
. hydrate in more complex forms such as starch.

The replacement of sugar calories by protein would lead to a marked
increase in the cost of the diet as protein is a more expensive dietary
component. In addition, some health professionals question the
desirability of raising protein levels to above the current level—which
is more than adequate for much of the population.

It would seem unreasonable to consider increases in the consumption
of fat as a substitute for needed calories. Concern about an ¢xcessive
fat intake in the American diet has been raised by & number of experts
in the field of diet and heart disease.

Thus, the replacement of sugar with more complex carbohydrates
would seem to be the only alternative in replacing needed calories, if
the intake of simple sugars such as sucrose were reduced.

Unfortunately, stm'cl% cannot replace sugar as a functional ingredi-
ent nor as a sweetener in most of the products which consumers find
desirable, -and now purchase for routine use in their regular diet,
Furthermore, such a total diet change would have to involve a major
change in food consumption patterns with greater utilization of cereal
products, such as bread and pasta; and a reduction in consumption of
other products, such as canned fruits in sirup and baked productswith
a high sugar content. There would also have to be a marked reduction
in the consumption of carbonated beverages, sweetened fruit drinks,
and confectionery products—all of which make sizable contributions
to the refined sugar in the total diet.

Dirricunties 70 IMPLEMENT CHANGE

To bring about this kind of change is not simple, and is not likely to
result from just calling attention to the presence of sugar. It would
seem reasonable to assume that those who strongly advocate such
dietary changes should be prepared to carefully consider and define
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what changes would be necessary, and to recomiend educational and
informational programs for cousumners to sce whether such changes
can be made acceptable in relation to the normnal diet patterns within
the United States.

This committec is aware of the materials which are used by our
population which have demonstrable adverse liealth effrets, Certainly
tobacco is high on the list The connection between the consumption
of tobacco products and clearly deleterious health effects is quite ap-
parent. Cigarettes are so labeled, yet it is apparent that such labels
and the limited propagaunda efforts, which we have launched in this
direction, do not have a great influence on tobacco consumption
patterns in this country.

The committee should also understand that, except for fluoride, no
substance has been conclusively shown to have a definite protective
effect against tooth decay in man. Nevertheless, available evidence
does justify the additional resecarch now underway on several sub-
stances including organic and inorganic phosphates.

Of course, the phosphate approach is only part of the total problem

“ of tooth decay. If the cominittee so desires, we could go into additional
detuil into the nature of the decay process which obviously concerns
the tooth itself—the microflora, the biological flora within the mouth,
and the total spectrum of foods which are consumed. Certain constitu-
ents of these foods support the nutrition of inan. They also support
the nutrition of the oral microflora which contribute to tooth decay.

Unfortunately, the testing of dietary constituents is very difficult,
since few human subjects are willing to cat one particular food regu-
lnrl}|r for the length of time required for a properly designed controlled
study., ‘

If)ml(litionn] substances are discovered with anticaries properties,
there will remain the problem of how the factor can be applied. Unless
the substances can be put in essentially all cariogenic foods, their
effect would very likely be much reduced.

. We ure, of course, interested in the investigation of any substance
whicli might pruinote improved dentul health and we will do our
utmost to expedite the evaluation of any agent which niight be safely
and effectively used for this purpose.

We do not believe that an aitempt to label products with a quantita-
tive statement of the exuct amount of carbohydrates present in the
products is a reasonable approach, since not only the amount of
carbohydrates but the quantity of food consumed and the tendenc;
of the food to adhere to the surface of the tooth are all factors whic
vary—and may be just as imnportant in contributing to dental caries.

The important point here is that the absolute or relative amount of
sucrose in any preparation is not necessatily the most relevant factor.
We are concerned here with the timing, the duration, during which
time such materials are in the mouth. One could eat a whole box of
cookies at one sitting, and probably be much better off than eating a
halfl & cookie every half hour, :

SieNIFICANCE OF F 00D ADHESIVENESS

Another important attribute of food materials is the adhesiveness
of the food niaterial itsclf, A statement of sucrose content does not
have relevance to the adhesive properties of the food materiul which
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would reflect -the. propensity of the ingested material to wdlhere to
the %mfncc of the tooth. Of course, d(“l(‘lell(,(' of the wul)shm(,c to the
tooth is highly relevant to the ability of the oral micro-organisms to
synthesize organic acids which demineralize the tooth surfaces.

We do believe that presenting information on all food labels that
clemly identifies sngar as a major component is a significant step
towards the goals xuppmt('(l by those concerned about refined sugur
and dental (lCun) This, together with appropriate education and
information programs on dental hygiene and enre, diet, and efforts to
provide the benefits of fluoridaion to inereased segments of the.
population, should provide n realistic and comprclu\usnc approuch
to the reduction of denfnl earies

Mr. Chairman, we will be plcnso(l to try to respond to any qu(\stlons
which you or your group might have.

. Senator SCHWEIKER. Thank you very much. Senator ch(,y, wotld.
\ou likke to ask questions at this point?

‘Senator Perey. Mr. -Chairman, when “you- have the Chair you
ought to seize the opportunity. '

T would like to,ask what the average person can do to most casily
and best protect himsell against the powblhty of decay from sugar.

I attended a huncheon one time, as I mentioned in one of our hear-
ings, with the president of the American Dental Association, who
suitl that most of the damage that is done after 1 meal is done in the
first howr or so. He said that if a person would simply reach out and,
take a glass of water after w meal, and swish water aronnd their mouth’
they would accomplish 95 pereent of what could have been accom-
p]lsll(‘(l by brushing their teeth, actually. And it’s so much casier.

And T noticed that ont of 1 a()() people at the banquet, 1,495 within |
the next 3 o1 4 minutes, gmbbcd a glass of water and swished it around,
after the sweet dessort.

Is \()metlun(r a8 sunplc axs that llelphll un(l effective?

lNl'l‘I-A'l‘ION or Drcay Process

Dr. Terrer. Yes, vour information is absolutely correct, Senator
Perey. We are concerned here with the capabilitics of micro-orga-
nixms within the mouth to synthesize organic acids which (.(mm(\x nlize
the tooth surface. This initlates the caries process.

Any thing which ean be done o undo the capacity of these micro-
organisms 1s obviously Loneficial. If we remove the snbstmtc——tllc
nlmvth material, sucrose—upon which th(ko micro-orgunisins thrive,
we'nre way ahead of the game.
ow, one does this by rinsing his mouﬂ) after eutm" One does this
l)v : 11(.tm(r the floqucn(,\ dmmg, the day at wln(]l tinles persons
eat, sieh material, In other words, have a lc(nhmute dessert at the
conclusion ‘of huieh; or dinuer, amd then onut mbblmtr (lmm(r the
(()msc “of the day am(l Bedtime snae ks,

“ One can also reorient the kinds of foods he. w1slms to ¢at, to choose
a selection of foods which have less substrate for the microflora, This
involves major changes in our public cating habits. Do we want, in
the middle of the afterncon, n lx,vsl of ontineal ruther than a candy
bar? It might be very good for. the teeth. I'm not sure we could sell
this to the pubh(, bl(m(ll\ considered, at the present time.
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But the point of attack is limiling the amount of'sucrose available
lo the micro-organisms of the mou(h You do this by brushing, limit-
ing the rl(‘(lllenf'\' of exposure, and choosing foods: which have. less
adhesive properties, less ,\ll(‘k_\ foods which ‘might ‘ulhexe (() th(,
tooth surface. '

Sonatm' Perey., Well, the children, early in-lll'o., are (-nn(liti(mc«l
We always say: “Brush your teeth thiree times a day.’ Obvlonsl\‘ af
vou brush them at the end of the meal, it’s better than some other
time, like before a meal. But suppose we were conditioned to'simply
use water as a wush—which is readily accessible after every meal— -
after the consumption of every sweetened product:: Ever since I
heard the president of the American Dental Associtition, I havé so
conditionec mvm}f I never eat anything without (llmkmo witer
after that and swhhm(r aronnd a little bit. And I have a l‘eelmg that I
have performed a service that is very simple and easy.

Wouldn’t it be possible to condition children—who are addicted to
television—with public service telee lslm of this kmd’ This wuld solve
many of these problems, '

Dr. TrppER. It would probably be a very good ulea The question
is: Under what auspices is an effective campaign conducted? Alxn
How effective is such.a campaign.

Now, I drew an analogy to tobacco products. And cer anlv we
have launched a cuapaign to do something about this. It has not
been notoriously snecessful. Certainly when we look at the improper
use of aleholic l)e\'enwe\, we also have campaigns. Yet they do not
scem o have mueh impact on reducing the numbu' of nlcohol-rclatc(l
anto fatalities.

So the question is really a very fundumonml one. It is: What i ls thc
role of the Government in education along these lines? And: Whnt 15
the most effective medium  wliereby pnttcl ns of behuvwr (,an, be
actnally changed? - g

Senator Prcy. T would hope that General Foods. ind othercom-
panies-that have sneh a.close working relationship with the National
Advertising Council could take the ploblem to them. 'Possibly théy
could tell us whether research would show that a simple stép like this
might not be lielpful; also come up w1t11 a wuy Lo (-omnmmcnte fhnt
uleu. A

‘ E\'pn\'u V\TA’I‘DR Froomibarion. Pnomu\xs et
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Dr. Terrer. We would hope that Tinsing w(ml(l Lie more: eﬁc(-tlv
Unlortunately, rinsing is part of the lmttln but it’s not-the secret: to
;( sontrol of caries . tlns country:’ I might, mvntmn Tiére that! ifswe are

really concerned about caries proventlon, the extension: of  the: swater
fluoml.ttmn program to arcas in which it does not now esixt would he
immensety n(\lplu.-—much more 50 lhnn sw]shm(" watcr monnd m Lhe
mouth. ’

Scn'ltm Perey. Would you give me an’ opinion‘on bevor:we%.- st
your opinion—after reviewing all of the availuble scientifié c\’ldefn,e——
that certain beverages tend to cause ‘tooth-deeay in hum.ms‘?

Dr. 'T'eprER. ‘Agiin, the critical issne herc, Senator, is: thut:of
sucrose in the mouth: "It seems that the-organisms with whl(,h we are
concerned exist preferentially on sucrose. Now the question, then is:
"0 ugh what media does sucrose erter th(, mouth? - o _
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And, as a reply to your question, surcly any beverage containing
gucrosc contribuies to dental caries. This includes Tabricated bev-
erages. This includes natural fruit juices which contain sucrese. The
acids in such fruit-derived beverages, in addition, contribute to the
demineralization of the tooth surface. : :

Senator Percy. But what is the principal ingredient in beveruges,
the culprit that causes ecay?

Dr. Terrer.- Really wwo, T would say. One is the acidic content of
natural and fabricated beverages. Second, the sucrose which, again,
is the preferential substrate for the streptococci in the mouth, which
are the fundamental generators of tooth decay acid.

Senator PErcy. Without affécting adverscly the marketability of the
products, is it possible to make a substitute for these substances which -

are injurious? :
"IN PLACE OF SUCROSE—ARTIFICIAL SWEETENERS

Dr. Tereer. In part, yes, and in part, no. Certainly one can use
artificial sweeteners to cover some of the reduirement for sweetness.
It’s also truc that the careful adjustment of acid in {fruit drinks can to
some degree reduce the requirements for using sweeteners in the fruit
beverage. . , ; Lo ‘

. Perhaps on this one I might ask Dr. Ogden Johnson if he would have
some additional remarks; speaking as a nutritionist familiar with the
technology involved in the preparation of beverages. = ‘

Scnator Percy. Would yon comment on the addition of phosphate
to beverages, as a way Lo eliminate or reduce the tendency to cause
tooth decay? , . : , '

Dr. Tsrreg. The evidence at the moment is not eonclusive.

The work which was described did have serious built-in preblems.
Individuals who were evaluating the populations were not completely
unaware ol whether subjects were in test or control populations. It’s
very easy for bias to be introduced when the persons interpreting the

" phenomenn are familinr with the group with which the subject is

associated. . , _

Also, there was no good quantitative coiitrol in these particular
studies. Thus the evidence, at this poiat,.ds not conclusive that phos-
phates—in and of themsclves—have a particular influence on caries.

We then have to seriously face the issue of whether phosphates
should be added to natural juices. Showld we phosphate orange juice?
Is this a desirable procedure? S

And there is the issue of total phosphate in the diet. How much
phosphate do we really believe is desirable in the diet? Oral considera-

~ tions aside. :

In this connection, the balance of calcium and phosphate in the dict
is rather critical, and the promotion of phosphate addition, so that the
balance between- phosphate and calcium is disturbed, may not be
totally desirable.. : ‘ .

Scnator Percy. I am assuming that there is & tendency for greater
tooth decay in presweetened cereals. I am assumning that with nonpre-

‘sweetencd cereals the sugar is added by many of the consumers,
-because it isn’t presweetened.

Is therc a greater tendency for tooth decay in .thé pi‘ésx?eetened? If
80, then why would it be—assuming that sugar is probably added to-

Q
-the nonpresweetened cereal?
ERIC *e nort
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Dr. Terrer. Well, we are not sure that that is, in fact, the case. In
olher words, the studies are inconclusive.

Furthermore, therec may be more tooth decay among people eating
presweetened cereals because they happen to like thein, and they may'

eat twice as much as the conlrolled population which happens to

sweeten their own corn flakes.

At the present time, we have no cvidence as to whether or not this
is the explanation, and we are not even sure that a dissimilarity exists.

Senator PErcy. You mean they might just like it more?

Dr. Teprer. They just may like it more. :

Seinz?ztor Percy. Is there an indication they may eat it instead of
candy ,

CONTINUOUS APPLICATIO\I 10 TEETH

Dr. Tepper. That is correct, and this gets back to the chlonlclty
.of cxposure.! In other words, Junior is put in front of a television set
with a box of this kind of preparation. It is not so much that it is
presweetened, The fact is tlp t it is continually bemO' applied to the
S{" faces of his teeth so that the oral micro-organisms continue to
thrive.

Senator Percy. Then I suppose you get into, the question: What
‘would the individual be eating if they weren’t eating cereal? Also, .
ave they getting more nutrition out of the cexeal tlmn ﬁley would out
of . straight candy bar? . - . .

Dr.- Tepper. Which is the altelnatlv e?

Senator Percy. Wall, I suppose those questxons are beyond our
level of scientific research now. We thank you very much for being
here, and I thank our chzurman for; his mdulcence in lettlng me
questlon first. A :

Senator SCHWEIKER. Thank )ou, Senator Perc ¢

Doctor, there are several things relating to the study that I would
like to ask you about. Dr. Gllkes in his evalu&txon study for FDA
states, and I}quote

‘The results indicated that the subJects eatmg preswcetened cereals ‘tend to
have more cavitics than subjcets using nonpreswcetened cereals. The caries
rate for the presweetened cercal controls is very high., Hence the question comes

to mind, is it possible the use of phosphates in the sweetened cereals merely
cancels the damaging effeets of the p"esweetened cereuls

1% wonder if you would like to comment on his evaluatxon sbudy for
A.

Dr. TEPPER Insofar as I am able to Judge, these studles were
entirely inconclusive for the reason which was suggested to Senator
Percy. In other words, the quantitative aspects were unknown even
though the materials might have been prepared in uniform boxes.
The readings of the phenomena in the oral cavity were not clearly
stm&dardlzed and there was very st.rong pos51b1hby of bias in bhese
studies

Senator SCHWEIKER. Well, further in the evaluatlon of the’ research
Dr. Gilkes says: . .

With the exception of study numbcr two the controls were 1ndw1dua.ls using
prcswcetened ‘cereals, These cercals themselves may be detrimental. Hence the
test is usually not for a caries control measure, but for an agent which may reduce
the harmful cffect of presweetencd ccreals, The cariogenic effect of the sweetener
1; ‘shown clearly in the results of study number two, and the ma]or concern of the

l: l C 28 Part 3.—TV Advertising of Food to Chlldren, PD- 276-305
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FDA will be the nature of the cluim. If the company elaims that the agent reducces
earics when added to the cereals should they not also reveal that the preswectened
eercals without the agent probably inereases caries.

Would you comment on that?

Dr. TeppER. I'm not sure I thoroughly understood the Q1 estion,

Senator ScuweikEr. The last part of the statement i4-the key
part. I realize I am reading rapidly. If the company claims that the
phosphate agent redunces caries, when added to the cereals, should
they not also reveal that the presweetened cereals wuhout the: ﬂO‘CIIL
pr obably increases cavities?

Dr: TerreEr. Yes, I think when stu(hes are conduct «l one mu\L
reveal the good along with the bad. One is obligated to report the
totality of results. The question here is the qlmhty of all resulus, posi-
tive or negative.

Senator “ScHWEIKER. You say the studies are inconclusive. Are they
statlsucally inadequate? Are they ‘medically inadequate? Is' the
scientific sampling inadequate? On. what basis are the tests madequ.lle?

CO‘\ITROL SirvaTioNn NECESSARY For TESTS

Dr. Tepper. I will make some remarks, and then I lhmk we will
call upon Dr. Gilkes. To begin with, when one attempts to compare
the presence or absence of a phenomenon those individuals who make
the readings as to whether this phenomenon exists or does not exist
must be (,ompletely isolated from knowledge as to whether or not he is
looking at a given time at the test population or control populution. If

‘he knows that he is looking at a test population which 1s being given

something which is supposed to reduce caries there may be v propen-
sity on the part of the reader to underread caries and say “my gosh,
that's fine preparation.’” When these studies-are conducted they must

'be totally blind studies where the real(ler does not know what i ls belno'
given to the subjects.

Now we have serious doubts let Lhc blind nature of ths study was
maintained throughout. We have some doubts as to the criteria on

‘which readings were made. I said .earlier that, i one plots the. caries

rate year by year, apparently this rate e\:lstmo- in any population is

'complctel) inconsistent with what is. obselve(l in the control group.
That is to say there were no clearly standardized methods for reading
‘what went on'in these subjeets regardless: of which group they lmp-

pened to bein.
Also, we .were very muicli eoncerned about the (h'opout rate. If You

‘commit yourself to a scientific study ‘with 400 people and at the end of

a period of tlme 200 people are gone, they havejust dropped out of the

'study you arc very mucli concernedl with tlie'design of the study; the
,motlvutlon of the study, you are concerned about whicli-ones droppeil
“out, which onés Temained, Weie there. reasons for certain’ dropouts?

You cannot conduct a vahd study whm your qubjects dlqappem ab

‘this rite,

In sum, Dr. Gilkes and his colluwucs were very much concemed
about the statistical basis, the C\penmcnbal ‘design, the controls,
the ciiteria for nmkmcr any kind of judgment nbout oral phenomenn
at, all. :

With your perinission, may we ask Dr. Gilkes to pe11mp~ e\pnnd

s to elements of the study which he found unsntlsfnctm Yoo

RIC
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Senator ScaweIkER. Do I understand that the FDA is concurring
in the study? Or that the study does conclusively show, by FDA’s
analysis, that cating preswcetened cercals does tend to cause more
caries than the subjects using nonpresweetened cereals? Are you in
agreement with that phase of the study? '

‘Dr. TeppER. No, sir; we are not.

Senator SCHWEIKER. You are not? .

Dr. Terper. As I indicated, one of the reasons that we are not is
that we have no secure knowledge as to the quantity of consumption
in the respective diets.

Senator Scuweiker. Well, I have read from Dr. Gilkes’ evaluation
of t}}?e test. Now, does someone else in FDA disagree with his evalua-
tion? : :

Dr. Teprper. Perhaps we could straighten out this point, if we ask
Dr. Gilkes. :

Senator Scuwerker. All right, I agree with that.

Dr. Giukes. The study started out with 626 participants for 24
months. It ended up with 315, There were 311 dropouts. Hence, half
of those were cn nonpresweetened cereals and half were on the pre-
sweetened cereals. So what I am getting at is that only half of 315
actually were on the presweetened cercals. Do you follow me?

MoRrg STUDIES INDICATED

'So 'with the dropout rate plus the fact that there was no dietary
analysis and poor supervision of the study, we were not in & position
to indict the firm: based on this single study. By that I mean this was

“the only study that used a nonpresweetened breakfast cereal versus
the preswectened cereals, and in astudy on dental caries; you should
Liave more than one study to demonstrate efficacy, as.is required by
the regulations. So if we require at least two. studies to demonstrate
efficacy of the product then I don’t tLink we would want to indict a
firm or an investigator because his study showed about .5 of a surface

of a tiOOth difference between the control group and the presweetened
cercal. SR : e :

Senator Scuwerkkr. How much? -+ ' :

Dr. Guxes. Point five of a surface. Now when we are talking about
surfaces of teeth we are speaking of five surfaces of the teeth being
involved, the biting suiface, the front of the tooth, the back of the
tooth, the tongue side, and the cheek side. Now with five surfaces in-
volved there the difference between claiming of efficacy, say, for'some -
of the toothpastes that have been approved by FDA was about .78 of .
a surface; was improved by the product. Hence if there was a differ-
ence of less than half,"about .5; then considering this was an isolated

study we didn’t feel that this was conclisive ev-ifrence when we had all
of these variables that weren’t considered such as the dietary analysis,
lack of supervision—that is to say to be certain; as Dr. Tepper indi-
cated, that they didn’t consume more of the presweetened cereal than
those who were consuming the nonpresweetened cereal. © SR
- So the study just didn’t loom in our estimation as one to go out-and
ask for a hearing against the firm because of the many problems
that we found inherent in the study. . .~~~ R
 Dr. Terper. The study notwithstanding, sir, I don’t think you have
¢~ be a great scientist to appreciate the fact that a highly sweetened

El{l‘fc | 96-191—73—pt. 6——3
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sucrose containing material which is naturally tacky when it gets wet
is going to be a troublemaker. And I would not prescribe this partic-
ular food component for my own children, not on the basis of scien-~
tific studies, but because I do not believe that prolonged exposure of
tooth surfaces to'a suerose containing material of this sort is beneficial.

Dr, Giukes. As a result of our ﬁngings when they resubmitted their
application for second consideration they changed the labeling claims
to state “reduces the incidence of dental caries for children and adnlts
who eat presweetened cereals.”” This was entirely different from the
original claim because the original claim was that it reduces the inci-

- dence of dental caries, period. But when we raised questions of this

preswectened cereal causing a problem they, too, must have had some
evidence that gave them the same indication, henee they changed
their labeling claim. '

Senator ScuweIkeRr. In view of what has been done so far, did the
study indicate that it would be a worthy field to pursue further?

Dr. TeprEr. There are interesting experimental bases for suggesting
this might be a reasonable partial approach to control of dental caries—
and I emphasize partial. A very small piece of the action. If one were
to devise prospective tests we would hope that they would be well
designed, well controlled. We have in fact offered assistance, some of
the members of our organization have offered assistance in the past
with respect to statistical development of o design which would pro-
duce studies which were in fact valid. These are very complicated
studies, and they take a long period of time, and it is not always easy
to get access to the proper population, ,

To answer your question, yes, there is.reason on the basis of work

.which has been done previously to encourage a petition by industry

to .continue with work along these lines. We would simply hope that
work which was contemplated would be well designed and well
exceuted ; underlining here the fact that again we are also concerned
about phosphate in totel diet, not just for S :

Senator ScuwrikEr. Would you expluin that further? You men-
tioned that in your earlier testimony. What is your concern; and,
specifically, what are you talking about? ’ -

ConcerN Over MINERAL BALANCE

Dr. Terrer. Well, when one starts manipulating a particular
constituent in the diet it is always prudent to inquire as to whether
you are affecting other constituents of the diet as well. When we
arc concerned about total mineral metabolism, we are interested in
the balance between. various mineral constituents which are ingested.
If we look ab animal data for » moment and examine the ratio between
caicinm and phosphorus intake, we believe this is very important
to the overall nutrition of the test animal. The optimal calcium

" nutrition is obtained when there is approximately a 1 to 1 ratio be-

tween calcium and phosphorus. When the ratio is 1 to 2—in other
words, one calcium to two phosphorus, there is some loss in devel-
opment of the animal. And when there is one calcium to three phos-
phorus this will not readily support life in these test animals. There--
fore, we are concerned with the overall proposition of phosphorus
containing compounds .in the diet, not just in the teeth. We are
concerned here about the sequestration of calcium. ' '
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There is also some evidence that iron metabolism is aflected by
phosphate in the diet. Since we do exist in sort of a borderline iron
nutritional state as it is, we are not particularly eager to do any-
(Ljhing which will enuse the additional sequestration of iron frem the

iet.

So I am talking here about a total overall approuch to our nutri-
tional pattern rather than emphasis on one aspect.

Perhaps Dr. Johnson would have something to add to that.

Dr. Jounsox. I think m this regard it is important to remember
that il one is going to add an ingredient such us phosphorus to many
products, if it is 1n one product, it inuy not be much of a problem,
but if one wanted to add this to all products that contained sucrose,
it could lead to a substantinl increase in the phosphorus intake and
this would lewd toward the problem that Dr. Tepper was veferring
to. : '

Senator ScuwrIKER. Isn’t it true that a lot of toduy’s processed
products hnve a high rate of phosphorus? 1 am not quarreling with
your 1 and 1 ratio for metubolic balance. 1 concur with that. But,
by that sume yardstick, are we as strict with a lot of other products
on the market which contain phosphate? My information indicates
that phosphorus is coming out ‘of our ears—in terms of processed
products. Why put a double standard here on presweetened cereals
and not apply the yardstick to other cereals and phosphate, and a
lot of other things?

Dr. TeprEr. There are a couple of things. First of all, you will notice
that this material which appeared to be a breakfast food was coming
through the Bureau of Drugs. Now why was this? This was because a
specific therapeutic claiin was being made for these cereals, the kind
of therapeutic claim which called for a demonstration of safety and
efficacy. This is the law which applies to a drug, and the fact is that
:lvhenl& specific therapeutic claim is made, we are dealing under the

rug law,

l\?ow, with respect to foods where no specific therapeutic claim is
made, one can use the identical added substance if it is in fact generally
regarded as safe, and these phosphates are generally regarded as safe.

I would only amend that remark by saying that nutritionists are
very much interested in the total phosphate intake, and I assure you
that this issue is not escaping attention, A ‘

Scnator ScuwEeIKER. I would like to yield to the committee staff
. director for several questions on the Tang-Kool-Aid study.

Sorr Drink Srupy Suowep Hicr CARIES INCREASE -

Mr. ScurossBerG. Dr, Tepper, on the Tang-Kool-Aid study I be-
lieve you referred to o slight increase in the incidence of cavities in
both these studies. My understanding of the Tang and Kool-Aid study
was that—acceording to an article that is about te be published by the
researcher who did that study-—the increased incidence of caries by
Tang and Kool-Aid was in the order of 43 or 92 nercent. That is mnore
than a slight increase, is it not? What I am driving at is: While the
study on the presweetencd cercals—I think we would all agree—
showed a tendency which is by no means conclusive; nonetheless, the
study on the drink products was conclusive. Was it not related in
‘@ " the increased caries?

ERIC
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Dr. Trerer. May 1 ask Dr. Gilkes to respond to that?

Mr. ScHuossBERG. If you wish.

Dr. Giukes. The beverage drink mixes never got to the new drug
application stage. They were always in the investigational new drug
application stage. They implied a labeling claim that it would reduce
the incidence of caries; and, since it was an IND, they were not re-
quired to submit the raw data. Now, when they submitted some ex-
planation of their data there was no summary as to the reduction of
caries. Some of the studies that are going to be published now by these
gentlemen who were involved in these studies are with regard to the
acids involved on animals, and we can’t extrapolate that data to man.
And at no time did they submit the raw data to the Food and Drug
Administration with summaries making claims.

Dr. Tepeer. There is nothing fundamentally different about these
products when compared with lemonade.

Mr. ScunossBERG. But there is & difference: Is fumaric acid in
Jlemonade? ' ’ - L '

Dr. Terper. Citric acid and fumaric acid in lemonade?

Mr. ScHLossBERG. What I am pointing out is that there is a dif-
ference, in- terms of the effect that citric acid and fumarie acid have on
animals. _ T '

. Dr. GiLkes. Demonstrated: on animals only, and as I indicated to
you, there is no perfect animal model to extrapolate the data to man
for caries. Hence what they saw in rats’ teeth comparing fumaric
acid, citric acid, and several others, we can't draw an analogy to
humans and say we are going to expect to se¢ the same: thing because
we don’t have a perfect apimal model.. "+ . 7 T
 'Dr. Tepper. This caries problem develops whenever the sacidity
in the mouth as measured by pH drops below about 5.7. And it
doesn’t matter what acid you use to produce this' change; when' it
occurs there would be some demineralization on the surface:of the
tooth. And we can talk about any of these commercially prepared
preparations, we can talk about lemonade, we can talk about orange
juice, and I would be very hard put to have to distinguish one from
b}lc other as far as its capability for producing these kinds of dental
changes. ‘ ' ' : o .

Mr. SciuossBerG. Apparently the rescarchers who did this study
for General Foods did not have that difficulty—insofar as the animal
test. Now let me quote from the study that is about to be published.
They suy, “all of the acids resulted in‘enamel dissolution, dut fumaric
acid was more deleterious than citite at equivalent concentralions.”

Dr. Giuziis. Is that relating to animal studies?

Mr. ScuHLossBERG, Yes, it 18,

It is, also, my further understanding that the clinic tests—which
there will also be n published study—show essentially the same results.

Propuor Crances Maps Dur 1o ANiMAL STusies?

" However, is it not true: There was suflicient concern, both in the
company: and among the researchers who conducted the study for
Tang and Kool-Aid, that the products were reconstituted—following
the results of the study on animals? =~ = =~ = : s

1

“LRIC

IToxt Provided by ERI



E

563

Dr. Ginkss. T would think perhaps the company could best answer
that. It didn’t enuse us any alarm because we didn’t get the raw data,
and only when we have patient record forms which would indieate who
received the test product and who received the control—that is 1o say
the test product would be without the active ingredient—and then
when we can count the cavities compared to the control group, can we
come to a conclusion. Wo do not accept the spousor’s sammary nor
his statistical analysis. e can offer it, and that is why we are given
180 days to review a document, and we go over it and arrive at our
conclusions. But in an investigational new drug application we do not
have to go over this type data. They have to submit o progress report
which would give us a summary of their data, and in no case do we
find the magnitude of incidence of caries that you cited there.

Dr. Teerer. Now the other point worth raising, I think, is if a
muaterial enters commerce a5 a food. these materials are all generally
regarded as safe constituents of a food and we bave no particular
jurisdiction to judge one as being any different {rom the other.

Mr. Scurosspera. Can you answer this: Tang is marketed as a re-
placentent for orange juice, us asuperior breaklast drink—nutritionally,
1t muy be having more vitamin C than orange juice. If the study also

showed that Tang tended to cause more cavities than plain orange

juice, doesn’t the parent also have o right to know the other side of
this product? ' _ -
Dr. Teresr. 1 suspect the individual does have a right to know this.

The parent ulso ought to know that a candy bar causes more caries

thar & bowl of oatmeal.

Mr. Scrrosssura. Or an apple.

Dr. Terpenr. Or an apple,

So these are all arcas in which consumer education is the means by
which we attempt to influence consumption patterns by the public.

Dr. Giukws. This data was never submitted to us, and hence we
couldn’t arrive at either approval or disapproval because they rever
went to the NDA stage, and when they withdrew the theripeutic
claim it no longer came under the jurisdiction of the Butean of Drugs.
Once they took off the claim that it “reduced the incidence of “dentul
caries” it.wasn’t in our jurisdiction any longer. R

Mr. MEever. 1f I may, let me add to this point. Obviously, if the
food is wmsafe we can take action. I think the question here is whether
or not the cvidence that you are speaking of, the animal data, would
be a basis for action. I don’t think 1t would be. As Dr. Gilkes has said,
evidence in other studies indicates that for' purposes of tooth decay
onc can’t readily extrapolate from the animal  to man. To obtain
clinical cevidence the studies involved would lave to be sufficiently
well, controlled that one could conclusively say that Tang was re-
spounsible for higher incidence of tooth decay. If that comes out, I am
sure -the FDA would be seriously concerned about whether such a
warning label should be required. ) ‘

Waex Is Responsipinity: 1o PuBLic’s INTEREST SHOWN?

Mr. ScrrosssERG, Tang and Kool-Aid products were changed by
General Foods on the basis there might be » problem. I think our

.concern is not that General Foods didn’t act responsively; but, that

Q
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il there is a problem with this pautu,u].u‘ mix of constitutents—
ospecially one type of acid, fumaric acid—then the public should be
alerted. T know Tang and Kool-Aid were changed; Lowevcr there is
High C and Welch Ade, which are r~om]mmb]c to the uses of Tang,
and both of these pr odusts still contain fumaric acid. This study was
completed 3 or 4 years ago. Tang and Kool-Aid have been changed,
but these two products live not. Wlere is the public’s interest shown
here? At what point, when you have research that shows deleterious
effect, 1s there lc<])ons1]nhh to alert the public?

Mr, MEYER. Was the fumaric acid data from animal tests?

Mr. Scunossserc. They were animal tests.

There were clinical tests as well. Clinical tests were conducted; and
the resulls are going to be publlshcd My understanding fmm the
researcher, the dentist in Eikhart, is that the clinical test will essen-
tially show the same result as the animal test. Also Dr. Mueller, who
is the noted researcher in this arew, told me personally and ducct,]v
that il be had scen the results from the animal test he would never
have proceeded with the clinioal tests becuuse the results would have
been so «lear.

Dr. TeppER. Yes, but it is precisely this kind of In\CsthILtlon
which we will want to serutinize specifically to be sure that the work
which is conducted represents .a clean, well designed study. We have
been trapped on this before,

Mr. Mever. I think the point we have to make is that if we are
to take any regulatory action, including requiring cautionary labeling,
we would have to bhe ‘cortuin that the data presented was sufficient to
sustain onr position in court. Up to this point we don’t have that kind
of evidence.

Senator ScuwreIkeRr. Senator Percy has one last question.

Senator Perey. Doctor, just one last question. We don’t want to
inhibit our otlier witnesses,

-Could you define for the commiittee, in the simplest possible terms,
precisely what FDA does require in order to decido that n substance
has—as you put it in your own statement—a definite plOtCLtIVG
effect against tooth decay in a human" .

Dr. Tepper. This means that it is being marketed as a drug, und

this means that safety and efficacy 1nu\l, be demonstrated. With

respect to efficacy there must be ab leust tweo” well-designed studies
on hutnans which demonstrate this.

Now as Dr. Gilkes mentioned, we concern ourselves in the raw data.
We are not concerned with suminaries or testimonials by pundits on

“‘ha subject. We must have the raw data for our own evu]uatmn.

Senator Perey. Thank you very mueh indeed.

Senator ScuwEeiker. Thank you, gentlemen, very much. We ap-
plecmlc it.
© The General Foods Company, will Lhcy please come fmwmd and
identily their witnesses?

STATEMENT. OF A. S. CLAUSI, VICE PRESIDENT AND DIRECTOR OF
CORPORATE RESEARCH, GENERAL F00ODS CORPORATION

" Mr. Crausi, Mr. Chnumun members of the committee, my name
is A. 8. Clausi. 1 um vice prcsulmt of General Foods Cmpm ation and
divector of Corporate Rescarch. In my 27 years with General I oods I
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have held various techmical positions, including 12 years within the
Post eereals division. I am author of seven U.S. patents on General
Foods products, including such as Post Oat Flakes and Post Alpha-
Bits presweetened cereals.

My office is at the corporation’s Technical Center at Tarrytown,
N.Y., where we have more than 650 scientists and other technical
personnel who are engaged largely in scientific work in the arca of the
basic science on food products and nutrients, new product develop-
ment, nutritional improvement of our products, and quality assurance.

Let me say I welcome this opportunity to speak to this group about

_(he research that General Foods has done on the use of phosphates as
possible nutritional additives in cercals and in beverages to help in-
_ prove the dental health of the population.

I think it is rather important that we go through a rather detailed
chronology of what actually happened in the researcli, gentlemen,
sitee much of what has been presented to you could very easily lead
to some confusion on several points that we think are very key to
understanding this whole matter.

My statement consists of three parts.

First, a description of the research done, which, as I say, I think is
very important for us to spend some time on that.

Second, the conclusions that we drew from that research.

Third, the actions that General Foods has taken as a result, and
what we intend to do in the future, I will try to skip those parts that
I don’t think are particularly germane to the story, and if the recorder-
seeretary will bear with me I will jump around a bit.

Senator PErcy. Mr. Chairman, I think if it would be acceptable the
entire statement, of couwrse, would be put in the record. Would you
prefer to have it inserted in the record as given, and then just sum-
marize and pick out some of the highlights for us? s

Mr. Cravust. I would like to read in detail certain parts.

Senator PErcy. That's fine. .

Senator Scywerker. That is perfectly all right. Would you prefer

* to have the entire statement in the record? .

Mr. Cravust. T prefer to have the entire statenient in the record.!

Senator ScuwEIKER. I am going to ask Senator Percy to take the
Chair for a while,

~ .Scnator Percy. All right fine. I think I will have to leave about
11:50. So that perhaps—would you like to take maybe 10 minutes
to hit some of the highlights, and then I have only about 10 minutes
of questions. '

Mr. Cravst. I will try, sir.

Senator Percy. All right, fine, sir. Thank you very much.

InTEREST 1N Foops CoxTAINING PHOSPHATE

Mr. Cravust. The history of interest in phosphate is' detailed in
my statement. I think it 1s important, though, that we should say

- that the work that General Foods funded in part—and 1 would like
to stress that point, that we funded in part—was carried out by
reputable dental researchers at the Indiana University School of
Dentistry, people who were involved in such discoveries as stannus
fluoride, & widely nsed tooth strenghtener today, and other research

:1;-‘.‘“ prepared statement, p. 570,
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in the area. It was for this reason, and also our interest in exploring
hosphates in foods, that we decided in 1961 to proceed with the
ndiana University researchers. The tests were designed by the
Indiana University researchers. The funding and the samples pre-
parced for these tests came from General Foods, the samples in totality,
the funding in part.

We started with ready-to-cat breakfast cereals. One might ask
well, why did we stari with ready-to-eat breakfast cereals? It was our
belief that if phosphates were to be proven successful. they should
be available in a commonly consumed {ood and one that would he
consmned by the prime target grou: s, namely, children 6 to 15, whom
we felt had the greatest need for nutrient strengthening in the dental
health area. '

We started with animal tests, which although we realized they
were not directly translatable to the human environment, we felt
that the step was well to add in order to be sure that we were on
the track of an agent that at least looked encouraging. When these
results indicated that phosphates could be helpful, Indiana University
proposed human clinical tests. )

The first pilot test was started in Bloomington, Ind., in 1962. One
group was given cereals enriched with phosphates at various levels,
since we were still reaching for the optimal level. We used presweetened

" cereals in this case, and as is usually the case, we had a second control
group that received the same cereals without the phosphate additives.
This was an ad lib type of study, since, as was pointed out in carlier
testimony, it is almost impossible to get people to eat the same food
day after day, so that we felt that n variety was needed. We also
felt that an m-home real life situation was required in order to be
ableto make claims that would be meaningful to consumers if proven
successful, ST

Based on early findings that seemed to show positive results a
second clinical test was started in Seuth Bend, Ind., in 1963. Now here
we used what we felt was the optimum level of phosphates. We also
had multiple panels. That is, we had pancls that had presweetened
cereals and the additive, and without the additive. We had panels
that had non-presweetened cereals with the additive and without the
additive, and we had the full line with the additive and not the
additive. And it is in this study, and this study only, that any-compari-
sons are even possible betweein presweetened cereals and non-pre-
sweetened cereals, . "

Shortly thereafter, in 1964, we started four more clinieal studies.
We started one study in Fort Wayne, Ind., which was a fluoridated
water area. This was with presweetened cereals both with and without
the agent. Our objective here was to determine the efficacy within a
fluoridated water area. o '

In Goshen, Ind., we separated the agent from the cereals in order
to establish whether it operated systematically via capsules or whether
there was a need to have it multiple times during the day, and also
to see if there was any interaction between the vehicle ready to eat
cereals and the agent. ' A _ '

In Muscatatuck, Ind., at an institution we had the most highly
controlled test. This was where through supervision we made. sure
¢ b the people in the study received at least one serving of the céreals

FRICw- This was not apn ud lib situation, in other words. '
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Finaliy, in 1964 we staried a study in North Dakota nuder totally
different researchers. This was not umder Indiana University’s
supervision, and this was done to assnre onrselves of as much objec-
tivity in the results as could be obtained.

Now 5 mouths later, in September of 1964, we filed an IND,
claimed investigational new drug application. This was required by
the then new Federal regulations which had just come into effect,
and these covered all of the clinical rescarch being conducted at that
time.

Requesr FDA Permission To Marker

Our reports continue to be favorable from our studies. What is
more, the phosphate we nsed in the ceveals appeared to be particularly
_ effective in reducing or inhibiting caries on the surfaces between the
teeth, the surfaces that cannot normally be reachicd with normal
brushing. Both Indiana University and General Foods believed with
conviction that we had developed a method of contributing to the
dental health of the population, and we felt justified in asking the
FDA for permission to market cereals containing monosodium
phosphate nutrient, which was the agent Indiana University had
identified as being the-1ost eflicacious 1 preswectened cereals.
- FDA was given a bricfing on the whole research program in Novem-
ber of 1964. At that time we were told that there would have to be a
miniimum of 2 years clinical tests. So the work continued. When the
time was up we worked very carefully with Indiana University and
prepared our new drug application, which is that which is required
before a product can be marketed making therapentic claims.

While this was going on our laboratory work was also continuing,
and we found in work with a wide range of beverages, acid sweetened
beverages, both natural and synthetic, that the phosphate agent
appeared to be effective in mitigating against some of the erosion tend-
encies that we saw in these prodcuc(;s.

So in October 1966 we filed an IND to cover work that we planned
to start on the soft drink mixes, and clinical test commenced in 1966
in Elkhart, Ind. And here again we tested the soft drink mixes with
and without the phosphate, along with the control panel that received
no drink mixes at all. We ran some additional tests to further evaluate
the effectiveness of the agent outside of the food product.

In the meantime FDA had not yet acted favorably on our original
new drug application which was for presweetened cercals with the
monosodium phosphate. I have to stress that. This was for presweet-
ened cereals which were the only tests that we had sufficient tinme and
results on, we felt, in order to meet FDA’s criteria. In May 1967 the

- FD A rejected our NDA as being incomplete. Both Gencral Foods and
Indiana University believed that the F'DA’s action was based on the -
form of our NDA, that is, on the manner in which we presented the
data rather than the content. : :

So we diligently went about changing our application. Suddenly a .
rock slide blocked the path. In the summer of 1969 one of the primary
clinical investigators of Indiana University raised questions about the
interpretations of. the clinical test results. The questions were aimed
at the manner by which the X-rays and the clinical examinations had
Been interpreted by the Indiana University dentists doing the re-
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search. Abruptly, the validity of the data, especially the favorable
conclusions, was now under question.

With this cloud hanging over the entire program of research, General

Foods felt obligated to withdraw its New Drug Application from the
FDA until we could clear up the entire situation. Therefore, with the
concurrence of Indiana University, General Foods in August 1969
informed the FDA that it was voluntarily withdrawing its NDA for
presweetened cereals. ’ '
" Now wo set about reanalyzing the data. We brought in outside
investigators from Canada, from Australia, We reached for meximum
objectivity from people who were known in the field but who kad no
previous contact with the data or with any of the researchers. Work
was randomized by trained statisticians, so that the new observers
h}alzd no idea of what samples of X-rays represented what subjects in
the test.

As a result of their reanalysis, Indiana University concluded that
certain pertions of their clinical program could have been affected by
an unconscious bias. It was felt that this could have been caused by
the fact that the individuals examining the X-rays and the clinical
examinations may have had access to the codes that had been used to
disguise the subjects in the various panels. Thus & bias could have
affected. the results.

Now for our conclusicus. As I stated earlier, in our original New
Drug Application for preswecetened cereals with the FDA, which
also covered all of the other tests that were in progress via IND, we
reported that the laboratory animal and hnman clinical tests had pro-
duced favorable results. Specifically, we felt that monosodium phos-
phate when consuined in both regular and presweetened cereals was
effective in reducing human dental caries. It was particularly effective
on tﬁle surfaces between the teeth where normal brushing did not
reach. :

Second; our tests indicated that the phosphate was absorbed by the
body’s system, it was a systemic effect and recirculated to the tooth
structure. This we folt we had confirmed in the Goshen test using the
capsule. And I might .dd at this point that slthough none of the tests
were designed to expressly identify this point we found no differences
statistically between cousumption of presweetened and non-pre-
sweetened cercals in the only panel that such a comparison could be
drawn. We also found no difference in caries incidence between low,
medium or high consumption cereal users.

Actuglly these findings have been published in the Journal of the
American Dental Association in 1967 and in 1968.

Dara ReanNaLnysis Sxows LirTLe oR No ErrecT

However, when we reanalyzed this suspect data with objective
researchers we found that the cereals enriched with the monosodium
phosphate produced virtually no cffect on inhibiting human caries,
and tilslis applied to both presweetened and nonsweetened breakfast
cereals. ‘

‘Now for beverages, the ariginal conclusions indicated a beneficial
effect in reducing caries. Buri, the reanalysis did not fully support these
@ '1al conclusions. The reanalysis showed some statistical trends

EMC phosphate additives seemed to mitigate the demineralization
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effect on the teeth which was believed to be caused by the acid in the
bevernges. As you know, many beverages contain acids of various
kinds; citric acid in fruit -juices, lactic acid in milk, phosphoric acid
in some carbonated soft drinks, and other acids in other natural fruit
juices, There is evidence that the acid in natural fruit juices and other
beverages dissolves some of the minerals in the enamel of the teeth,
and we found that the use of phosphate indicated some mitigation of
this demineralization action. ‘ ‘

Now I would like to spend the last few minutes talking to you dbout
the actions that have been taken by General Foods.

All of the testing by Indiana University had used the nutrient
monosodium phosphate as the active ingredient. As I just said, it
appeared to have some effect on the demineralization caused by the
acld in the beverages, even after the reanalysis of the suspect data.
Therefore, General Foods decided to add monosodium phosphate to
those powdered soft drink beverages it had been testing. That is after
we had overcome some taste problems caused by the use of this
nutrient in the beverages. We started adding monosodium phosphate
to our powdered beverages in 1969, and then some more in 1970, and
completed the job in 1971, ’ '

Let me say here that despite 10 frustrating years down a largely
-unproductive path, General Foods did not stop research aimed at
improving the nutritional content of our products and their effects
on dental health. We have continued our laberatory work on animals,
the only indicator we have for screening devices, seeking the effective-
ness of other nutrients in beverages. y

We have discovered, ‘we feel, another phosphate which appears to
be more effective than monosodium phosphate in counteracting the
effect of acid on teeth enamel. This is monocalcium phosphate. In our
anima] studies, laboratory rats consuming a soft drink enriched with
monocaleium phosphate showed less demineralization and often less
cavities than rats consuming natural fruit juices.

Both calcium and phosphorous, as you know, are required mineral
nutrients needed by man. The human body- contains both calcium and
phosphorous. Most of the body’s caleium is found in the bones,
although the mineral has roles in many other functions of the body.

The human requirement for calcium varies from about 400 mg
per day for an infant up to as much as 1,400 mg per day for teenage
boys. And I belicve the new stendard that is being proposed under
the nutrient regulations will be about 1,000 mg per day.

Numerous dietary and hesalth surveys have indicated that many.
individual diets are lacking in calcium. For instance, the 1965 U.S.
Department of Agriculture dietary survey suggested that calcium
and iron were the nutricnts most often found below dietary require-
ments, and this is usually attributed to insufficient ingestion of milk
and milk derived products. :

In other words, we felt that outside research pointed toward
possible favorable results that we had experienced in our animals
and that these were consistent with the dietary needs. - .

So that in 1972, the tail end of last year, we began euriching our
powdered beverages with this new agent, monocalcium phosphate.
These are the products that are now on the market.
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I want to emphasize here and now that we are not making any
claims chat monocalciunt phosphate will inhibit human caries. We
just don't know. But it is a well known nutrient, ns I have indicated
earlier, both from the calcium and the phosphorous viewpoint and
from the balance of both, and it is needed in the diet, in our opinion.

In the meantime, General loods continues faboratory explorations
of many different nutrient compounds, seeking to further improve
our products. Thank veu very much. '

PREPARED STATEMENT OF .. S, CLAUSI

Mr. Chairman, members of the committee, and staff, my name is A. 8. Clausi.
I am vice president of General Foods Corporation and divector of corporate re-
scarch. In my 27-year carcer with General Foods I have held various technical
research positions, including 12 years as director of research for the Post cereals
division. I am the author of seven U:S. patents on General Foods products,
including Fortified Oat Flakes and Alpa-Bits presweetened ecreals.

My office is in the corporation’s Technical Center at Tarrytown, N.Y., where we
have more than 630 seientists and technieally trained personncel. They are engnged
largely in scientific work in the arcas of basic research 'on food and nutricnts, new
product developmentt, nutritional improvement of our products, and quality
assurance.

I weleome this opportunity to tell you about the research work on the usc of
phasphates as nutritional additives in cereals and beverages to help iimprove the
dental health of the population. Some of this research has been done by General
Foods Corporation scicntisis. And some of it was finaneed in part hy General
Foods and eonducted by Indiana University's Dental School. :

My statement consists of three parts,

First, a deseription of the researeh done.

Second, the conclusions we drew from that research.

Third, the actions taken by General Foods as a result and what we intend o do
in the future. . :

Mr. Chairman, General Foods has had a long time policy of underwriting and
conducting rescarch on food products and their components. It has always heen
General Foods’ practiee to develop new praducts and improve existing ones so as
to provide -consumers with wholesome, nutritional food products. In fact, the
fonnder of the predeecessor company of General Foods, Mr. C. W. Post, cstablished
our policy 78 years ago when he insisted on the development of nourishing, whole-
some foods that met human nceds. )

DEsCRIPTION OF RESEARCH

It was in linc with this poliey that General Foods Corporate Research Depart-
nient in August 1959 proposed a laboratory research projeet 1o determine whether
phosphates as nutritional additives eould provide o benefit to the dental health of
the Nation. At this time, there were scientific reports about the use of phosphates
in bread in Sweden to reduce dental earies, But even before then, as early as 1055,
medical and seientific journals had reported clsewhere on the use of phosphates as
potentially cffective agents to inhibit dental cavitics. Thercfore, to determine the
validity of these various reports, in September 1960 General Foods Corporate
Research started ifs first Inboratory animal study on phosphates. 1lardly had we
started when a new opportunity presented itself.

Just one month later, Octobher 1960, the Post Division of Clencral Foods received
a letier from Dr. Joseph C. Muhler, D.D.S., professor of the departinent of bio-
chemistry at the Indiana University Medieal Center. 11e proposed a joint research
project on phosphates in cereals. Dr. Mubhler felt that cercals would provide the
best type of food product to test the effectiveness of phosphates to inhibit dental
cavitics. He.reasoned that ready-to-cat cereals were widely consumed, particulariy
by children and by lower inconve groups. Both groups needed better preventive
dental care. . '

In November 1960 I et with Dr. Muhler.to discuss his suggestions, Then in
January 1961 Dr. Muhler submnitted 1o General Foods his first written proposal on

the phosphate research with cereals,
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General Foods, after detailed consideration, decided that a joint project with
Dr. Muhler and Indiana University promised the hest avenue for the company
to follow toward the goal of helping improve thé dental hiealth of the population.
While we were experts in food products and their components, we had little
expertise in dental health. On the other hand, Dr. Muller and the University of
Indiana had a worldwide reputation for their research in the ficld of preventive
dental inedicine. They had developed the use of stannous fluoride to reduce dental
caries, an achicvement which had been rccognized by the American Dental
Association and other health organizations. :

Therefore, in Septemnber 1961 General Foods signed an agieement with Indiana
University Foundation to cooperate on phosphate dental health rescarch. Dr.
Muhler felt he had identified several phosphate compounds that would prove
beneficial for dental health. The test products were to be manufactured by General
Foods. The tests would be designed and conducted by Indiana University with
partial funding by General Foods. If the phosphates were proven to be effective
in preventing or reducing cavities, Indiana University Foundation would grant
licenses to CGieneral Foods in return for royalty payments, according to this
agrcement.

General Foods then supplied Tndiana University with ready-to-eat breakfast
cereal products containing phosphates to test on laboratory animals. The initial
tests were in vitro, that is, on tecth remmoved from the animals. When the initial
results Iooked promising, further tests were then conducted in vivo, thatis, on the
animals themselves. .

It may be asked: Why were these tests made in this order? Well, General Foods
wanted to have a high degree of confidence that the phosphates were successful
in preventing dental decay in animals before Indiana University procecded to
human clinicul tests. At this point in time, both Indiana University and General
Toods belicved we had isolated the most effeetive and efficacious of the phosphate
compounds tested in animals. This was monosodium phosphate, a common food
nutrient. Although we ran into some taste prohlems when this nutrient was added
to cereals, we believed we could overcome them.

The 12 mouths of animal tests indicated that the phosphate nutrient acted
systemically in animals. That is, the compound was absorbed by the body system
and tnoved to the tecth with a strengthening cffect.

Wheén the results indicated that phosphates effectively iithibited dental caries
in aninals, Indiana University proposed testing them on humans. The objective,
as in siinilar scientific 1esearch, was to deterinine whether the phosphates would
prove as cffective in stopping or stowing caries in hutnans as the phosphates did
in laboratory animals. Ready-to-eat Dreakfast cereals were selected because they
were widely consumed, by both adults and children, and they included both pre-
sweetened and nonsweetened cereals.

The first pilut clinical study on presweetencd breakfast cereals was started by
Indiana-University in Bloomiugton, Tnd., in October 1962. One group of people
was given cercals enriched with phosphates at vatious levels. The second, or con-
trol group, received cereals without the phosphiate additives. Individuals consumed
the cereals as they normally did. Both Indiana University and General TFoods
examined the results at the end of the first 6 months and at 12 months and they
\\'01";0 favorable. This was done before the decision was made to try further clinieal
tests. .

After this decision was made, a second clinical test was started in South Bend,
Ind., in 1963. Here presweetened and nonsweetened cereals were tested. ITowever,
the level of phosphate additives used were those we believed were most effective
and which would be used when and if the products could be marketed to the
public. Again, as in all clinical studies, control groups reccived cereals without
the phosphates.

During 1964 Indiana University started four more clinical studies. In Fort
Wayne, presweetened cereals cnriched with phosphates were tested in an area
where the community water supply was flouridated. Previoue tests were in loeali-
ties where the water was not flouridated.

In Goshen, Ind., the test was designed to answer several different questions.
IHow did monosodiumn phosphate work on the teeth? Was it absorbed into tlic,
body systein after ingestion and then reeireulated back into the tooth structure?
Or did it act dircetly on the tooth structure as soon as it entered the mouth?
Several studies with laboratory animals had shown that the compound was ab-
sorbed into the systent and reciveutated to the teeth. Thus the Goshen study was
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conducted to determine how it would work in humans. This Goshen study had a
second purpose. That was to discover if other ingredients in the cereals or if a
recently developed ‘‘flavor mask’ (another phosphate compound) either enhanced
or detracted from the effecliveness of the monosodium phosplate.

To determine if monosodium phosphate was absorbed and recirculated by the
body system, one group in Goshen were given gelatin capsules which they swal-
lowed. A second group were given chewable fablets which they chewed before
cach meal. Two other groups wcre given placebo tablets to control the study.
One of these later groups was given presweetened cereals enriched with the
phosphate nutrient. All other groups had presweetened cereals but without the
phosphate additives.

In Muscatatuck, Ind., the study was designed to determine the effcct of the
monosodium phosphate nutrient on dental health if the cereals were eaten once
a day under controlled supervision. In previous studies, the cereals were eaten
as the individuals desired, and not necessarily every day. Presweetcned cereals
with and without phosphates were employed.

TFinally, in 1964, the fourth clinical study was started in North Dakota. This
study was done by researchers who had no connections with Indiana University
so that a greater degree of objectivity could be attained for all the tests. In North
Dakota, presweetened cereals with and without phosphates were used.

As a further means of assuring ourselves that this research was being conducted
correctly, Indiana University and General Foods briefed the American Dental
Association in August 1963 on the projects under way or planned. Then in April
1964, we gave the American Dental Associntion all of the Indiana University
laboratory and clinical test data.

Five months later, in September 1964, General Foods filed with the U.S.
Food and Drug Administration ‘* Notices of Claimed Investigational Exemptions
for a New Drug” (IND) as required by federal regulations which had just come
into effcct. These IND’s covered the clinical research being condusted.

Now the reports that we were receiving about {lis clinical research continued
to be favorable. The phosphate nutrients appearcd to be effective in reducing the
incidence of human dental caries. As I stated earlier, the laboratory animal tests
indicated that the phosphate was absorbed by the body’s system and recirculated
to the tooth structure. T'liis scemed to be confirmied by all the results we were get-
ting from the clinical tests. What was more important, when used in cereals, the
phosphate nutrient appeared to be mainly effective in reducing or inhibiting dental
caries on the surfaces between the teeth, surfaces whicl cannot hencfit from normal
brushing. Both Indiana University and General Foods now believed with convie- -

- tion that we had developed an effective method of contributing to better dental
health for the population. We felt that tlie data we had collected now justified our
asking the FDA for permission to market cereals containing the monosodium
phosphate nutricnt and to advertise that these produets would help strengthen
teeth against decay. As you know, Federal regulations require FDA approval
before any such type of therapeutic claims can be made.

The FDA was given a briefing on the whole research program in November 1964.
At that time, the FDA informed us that we would have to provide them with the
results of 2 years’ clinical tests at & miniinwin, an independent study on identical
formulas of the additive, data on consumption of cereals, and a full tabulation
of all the caries discovered during the clinical studies. ’

Accordingly, we worked closcly with Indiana University to prepare the volumes
of material required by the FDA. It took nearly 11 montlhs to assemble all the
material needed. Then in September 1965, General Foods submitted this data to
the FDA as part of a New lgrug Application (NDA).

Meanwhile, the sucecessful animal work and thie promising results of the clinical
studies on cereals led us to start new tests on laboratory animals using other
groducts, including a wide range of natural and synthetic acid eontaining sweet

everages. These animal tests, as before, were in vitro and in vivo. When they
produced favorable results indieating that the phosphate nutrient was effective
in mitigating the acid effect on animal tooth enamel, we felt the time had come to
try clinical tests with beverages.

So, in October 1966, we filed Notices of Claimed Investigational Exemptions
for a New Drug (IND) with the FDA on powdered soft drink mixes enriched with
the phosphate nutrient. Clinical tests commenced in November 1966 in Elkhart,
Ind. Here Indiana University used soft drinks with and without the phosphate
mi;trient—along with a control panel. . :

. Then in 1967 two more clinical tests were initiated by Indiana University. One
in Concord, Ind., tested an instant chocolate drink with and without the phos-
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phate additive. In Peru, Ind., a diffcrent study was conducted. Here capsules and
tablets containing the phosphate nutrient and placebos were tested. This was
donc to corroborate the earlier tests in Goshen, Ind., which indicated that cap-
sules and tablets containing phosphate were effective in inhibiting caries. Dif-
ferent amounts of the phosphate werc tested among different groups in Peru.

In the meantiine, the FDA has not yet acted favorably on General Foods’
original New Drug Application for cercals with phosphate nutrients. The FDA
repeatedly requested more data and new data. This was provided as available.
Then in May 1967, the FDA rejected our NDA as being “inconplete.’”’ Both
General Foods and Indiana University believed that the FDA’s aclion was
l&ascd on the form of our NDA, that is, on the manncr in which we presented the

ata. - :

We believed that the data itsclf was not under question. Indiana University
worked eloscly with General Foods to rearrange the manner in which our data was
presented in the NDA. Thus in January 1969, General Foods submitted its revised
NDA to the FDA. .

Mr. Chairnan, it doesn’t have to be said that the research road is a rocky one,
piled high with obstacles and clogged with thorn bushes. Yet the rewards at the
end of the path justify the cfforts required to reach the cnd. With our revised
NDA being studicd by the FDA, we felt we were close to our goal.

Then suddenly, a rockslide blocked the Jmth to us. In the summer of 1969, one
of the primary clinical investigators of Indiana University raised questions about
the interpretations of the clinical test rcsults. The questions were aimed at the
manner by which the X-rays and the clinical examinations had been interpreted.
Abruptly, the validity of the data, cspecially the favorable conclusions, was now
under question.

With this cloud hanging over the cntireql)rogmm of rescarch, Gencral Foods
felt obligated to withdraw its New Drug Application from the FDA until we could
clear up the entire situation. Thercfore, with the concurrence of Indiana Univer-
sity, General Foods in August 1969, informed the FDA that it was voluntarily
withdrawing its NDA for preswecetened cereals.

To answer the questions posed, Gencral Foods and Indiana University both
reanalyzcd the results of the clinical tests, utilizing outside experts to achieve the
maximum objectivity and indepcndent professional cvaluation. This reanalysis
was performed by experts who had not previously scen any of the research data.
And this data was arranged in a random nanner so that the new observers did not
know what previous examiners had concluded.

As a result of their reanalysis, Indiana University concluded that certain por-
tions of their clinical program could have been affected by_an unconscious bias,
It was felt that this could have been caused by the fact that the individuals cx-
amining the X-rays and the clinical examinations may have had access to the
codes used to disguise the products used during the tests, Thus an unconscious
bias could have affected their final conclusions which had been previously reported
to the FDA in the New Drug Application.

CONCLUSIONS

As I stated earlicr, in our original New Drug Application for ccreals with the
FDA, we rcported that the laboratory animal and the clinical human tests had
produccd some favorable findings. .

. 1

1. Monosodium phosphate when consumed in both regular and pre-
swectened breakfast cereals was effcctive in reducing the incidence of
human dental carics. It was particularly cffective on the surfaces be-
tween the tecth where normal brushing did not reach.

2. Tests with ghosphﬂ.te capsules indicated that the phosphate was
absorbed by the bedy’s system, and recirculated to the tooth structure
with a strengthening effect. ’

Actually, these findings had bcen published in the Journal of the American
Dental Association in March 1967 and March 1968. )

However, the rcanalysis by both Indiana University and General Foods, as well
as by the outside exFerts, changed the entire é)icture for cereals and phosphates.
This reanalysis concluded that cereals enriched with monosodium phosphate pro-
duced “virtually no effcet” on inhibiting human caries. This applied to both pre-
sweetened and nonswectened breakfast ccreals.

For beverages, the original conclusions from clinical tests indicated a beneficial
effcet in reducing caries. But the reanalysis did not fully support these original
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conchisions. The reanalysis showed some statistical trends that the phosphate
additive scemed to mitigate the demineralization cffeet on teeth enamel helieved
to be cansed by thie presence of acids in the heverages.

‘As you proban!y know, many beverages contain acids of different kinds. For
cxample, citric acid in eitrus fruit juices, lnctic acid in milk, phosphorie acid in
some carbonated soft drinks, and other acids in other natural fruit, juices. There iy
much evidence that the acid in nagural fruit juices dissolves some of the minerals
in the enamel of the teeth. And as I =aid earlicr, the use of phosphates in the
heverages tested indicated some mitigration of this demineralization action.

AcrioN TakeN BY Gixeral Foops

Now leé me tell vou about the actions taken by Generanl Foods. All of the
testing by Indiann University had used the nutrient monosodiumn phosphate as the
aetive ingredient. As T just.said, it appeaved to have some effect on the deminerali-
zation caused by the acid in the beverages. Therefore, General Foods decided to
add monosodimn phosphate to those powdered soft drink heverages it had been
testing. After we had overcome somng taste problemns caused by the use of this com-
pound in the beverages, we started acd-ing monosodium phosphate $o our powdered
beverages in 1969, 1970, and 1971,

Let me say here that despite 10 frustrating years down a largely unproductive
path, General ¥oods did not stop research aimed at inmpreving the nutritional
content of our products and their effeets on dental Iiealth. We therefore continued
laboratory work on animals, secking the cffectiveness of nther nutrients in bev-
crages. We discovered another phosphate which appeared te he more cffective
than monosodium phosphate in eounteracting the cffect of acid on tecth enamel.
This compound is ealled monoealeium phosphate. In our animal studies, labora-
tory rats consuming a soft drink curichied with monocalcium phosphate showed
less deminceralization and often less cavities than rats consuming natural fruit

nices.

! Both caleium and phosphorus are required mineral nalrients needed by man.
The humamn body contains both-enleium and phosphorus. Most of the body’s
ealeium is found in the benes, although the mineral has roles in many other
functions of the body. For example, ealcium plays a role in cell peimeability, in
muscular mechanisms, and is vital to the development and maintenanee of
healthy teeth. )

The human requirement for caleiuin varies from about 400 mg. per day for an
infant up to as much as 1400 mg. per day for teenage hoys. An average young
adult male requires ahout 1000 mg. per day of caleium.

Namerous dictary and health surveys have indieated that many individual
dicts arc lacking in caleium. The 1965 U.8. Department of Agriculture dictary
survey reported that calcium and iron were the nutricnts most often found below
dictary requirements. This is ustally attributed to insufficient ingestion of milk
and milk-derived products. Qur own summary of many dictary surveys reported
i‘n {ne:ilicnl and scientific journals show that ealeium is very often lacking in the

aily diet. : :

Consistent with these dietary needs and in light of the favorable animal studies,
we have been enriching our powdered beverages with the nutrient monocaleium
phosphate since 1972. These are the products that ame now on the market. The
m(’)?iboc,;allcfnm phosphate has replaced the monosodium phosphate added in
1970-71. .

I want to crhphasize here and now that we are not making any claims that
monaoealcium phosphate will inhibit human caries. We just don’t know. But it
is & well-known nntrient and it is necded in the diet.

In the meantime, General Foods continues laboratory cxplorations of many
different nutrient compounds, sceking to further improve our produects,

Senator Percy. Well, we thank you very much. 4

I have a few very short questions, and with some brief answers on
your part we can get out of here in just a few minutes. Howevey, if
you do want fo amplify your comments in any way we will certainly
see that they are inserted in the record.
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Would you have in mind any kind of a figure for the amount of
money that General Foods has spent in this research over the period
of 13 or 14 years?

Mr. Craust. Senator Percy, I can only give yon the figure that we
have been abie to identify via specific project costs both in and out
of Indiana University funding, and this 1s in the ncighborhood of
$1!4 million. .

Senator PErcy. I suppose the slogan goes in advertising, half of
the money is wasted. The trouble is to find out which hall. My own
experience in research is that probably far more money than 50 per-
eent is spent on nonprodnetive research. But that is the nature of the
business. It is highly risky.

If yon spent $1% million in this field do yon fecl as research goes it
lias been cost effective and that you received some results which now
will be satisfying to General Foods as well as to the general public?

Mr. Craust. Well, obvionsly we would at this point have preferied
not to have gone through the largely unproductive human clinical
work. However, if we are correct on the basis of our own laboratory
observations and dictary surveys that the addition of monocalcium
phosphate nutrients to our beverage products has in effect made them
more nutritious for the general public then we think that is money
well spent.

Senator. PErcy. It has been assumed by some that the rationale
that must have been used initially for the phosphate studies was the
belief held by some that the inereasing consnmption of presweetened
cereals was probably going to result in dental problems. Is this true in

- your jndgment?

E

Pusric Axxiery Over Ixcreasep CoNSUMPTION

My, Cravst. T think there was very much being said at various
dental association meetings, certainly by dentists to patients; sufli-
cient, let’s say, to create public anxiety aboutl sugar-containing foods
in general, presweetened being one. We felt that there would certainly
be n receplivity to the idea of a better presweetened product.

But I would like to come back and reemphasize the point that the

-~

reason that ready-to-eat cereals were selected, the primary reason was |
" hecause they were believed to be the most ideal vehicle for delivering

this type of agent to the age gronp and the econoniic strata that could
use it. : :

Senator Percy. Do you agree or disagree with Dr. Gilkes’ evalua-
tion of your second study comparing presweetened cereals with regular
cereals that presweetened cereals tend to cause more cavities®

My, Craust. T can say that our statistical evaluation within that
test, and the only test, althongh it wasn’t designed to explore this
difference, from which you could draw such conclusions that our
statistical analysis showed no significant difference between pre-
sweetened and non-presweetened panels in terms of caries incidence.
No significant difference. : :

Senator PErcy. For the record again, then is it your opinion after
reviewing ‘all the available scientific evidence that the presence of

phosphates in the diet acts to reduce the incidence of tooth decay which .

may result from the consumption of presweetencd cereals?

O
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Mr. Craust. I would like, if you would, to please repeat that
question because I think there are zome subtle nuances here in the way
T answer yon,

Senator PErcy. The question is, is it your opinion after reviewing al!
of the available scientific evidence that you have accumulated and
others may have accumulated—and ecertainly you are familinr with
other experimentation that has been done in this area—that the
presence of phosphate in the diet acts to reduce the incidence of tooth
decay which may result from the consumption of presweetened cereals?

Mr. Cravst. I would have to say that I have no way of having an
opinion that the use of phosphates in the diet will have that effect.
T can only say that in our opinion there are some encouraging findings
based o animal studies that the use of monocalcium phosphate in
acid sweetened beverages can mitigate against the enamel erosion
which can be a forerunner of caries and possibly might have some
heneficial eflect on caries reduction. But that would all have to be
confirmed by human clinical work of the type I deseribed earlier, very
laborious, very complicated, and very difficult to control.

Senator Percy. Ceuld we turn to beverages then and give us your
opinion as to whether certain beverages do tend to cause tooth decay
in humans,

Mr. Craust. Again I can’t comiment on the effect in humans. I
can say, though, on the basis of laboratory animal studies that acid—
and I stress the word acid—sweetened beverages, both natural and
synthetic, have an crosive effect on the teeth, and also under condi-
tions of test can be shown to induce more caries than, let's say,
water, plain water control. But the caries effects are less clear than
the eroston effects,

. Senator Percy. What, in your view, is the culprit in the beverage?

‘ Mr. Craust. ‘Our view is 1t very likely is the acid more than the
sugar, although the combination of the two niay have some synergy.
There may be some synergistic effect between the two.

Senator Percy. T will put the same question again on the addition
of phosphate. If phosphate is added to the beverage is this a satisfac-
tory way to elinnate or reduce their tendency to cause tooth decay?

‘Courp” Have MitigaTing EFrFECT

Mr. Cravust. T would rather state my position this way, Senator,
if T may; that we believe that the addition of calcium phosphate—
that is a combination nutrient, calcium and phosphorous—to acid -
sweeténed beverages, both natural and synthetic, could have a mitigat-
ing effect against the tooth enamel erosion tendency of these products.
We feel we have confirmed that in animals to our satisfaction. Hence
the addition to our products.

Senator Percy. That is since 19727

Mr. Craust. Yes. | . : _

Senator PeErcy. You were here in the hearing room when I asked
Dr. Tepper to state the eriteria that he would lay down so that a
claim can be made. Do you feel that you have met those eriteria now?

Mr. Crauvst. Senator, I would like to stress that we are not making
a claim. , ' . .

Senator Percy. I see.
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Mr. Cravsi. We are adding two known nutrients, one of which
very recently has come very much into the limelight as being one
of the borderline deficient nutrients in our modern diet. We {cel we
are building better products. We are not making any claims, and we
will not make claims until we conform: to Food and Drug’s criteria,
of course.

Senator Percy. Well, I think it is very important that you do
make that clear, and it is not inconsistent with the company’s policy,
as I have understood it to be very conservative in claims and to try
to back up claims with exhaustive research.

Just one question with respect to your testimony that I would like
clarification. In your statement you said questions were raised about
the data. What data were involved and what questions were raised?

Mr. Cuavst. The questions were raised primarily about the data
that had been nccumulated in the two test cities in which this primary
investigator who raised the question had participated as one of the
examiners. These were Bloomington, Ind., and South Bend, Ind. So
those two tests in particular, since they were the ones that this
examiner was involved in, were the subject of question, although the
ramifications obviously went beyond those two tests since essentially
the same procedures had been used by the clinical investigators
throughout. _
~ Senator Perey. I have no further questions. Mr. Schlossberg, do
you have any questions? .

EvavvatioN or STUpIES STATE FINDINGS ACCURATE

Mr. SchuossBERG. There is one point that slightly confuses me; it
has to do with the question regarding the accuracy of the data and the
use of independent evaluators. o

As T understand it, back in 1966, General Foods had two independent
researchers evaluate the studies and submit an independent evaluation
to the agency regarding the format of the studies and the accuracy of
the findings. Do you know which letter I am referring to?

Mr. Cravst. Yes, I do. :

Mr. ScurossBERG. Those lwo independent rasearchers, Dr. Grizzel

~sand Dr. Smith, determined: That, in their opinions, the studies had
been well formulated, well conducted, and the findings were accurate.

My, Craust. Yes. I can see your confusion, and let ine clarify that.
Again remember this is all prior to the question being raised by the
primary investigator concerning the way the protocol had been carried

-out. Therefore the independent judgments to which you are refarring
were those that examined the protocols, the layout of the test, the
design of the test, the statistical accuracy of it, but all, of course, o1~
the assumption that there was no bias, indirect or direct, that the
protocols had bheen adhered to as written. It wasn’t until one of the
people actually involved in the test raised the issue of how the test
was carried out that we were aware of the challenge to the data. Prior
to that time-things appeared to be in order.

Mpr, ScHLosspERG, One more guestion: Beeause of the adding of
the monocaleium phosphate you removed the fumaric acid in Tang
and Kool-Aid—why was that done? :
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Mr. Craust. We have always used citrie acid in Tang, but about a
year ago we went to citrie acid in Iool-Aid also. This had really noth-
mg to do with the subject that we are diseussing here today, There
were at that time some guestions being raised by the World Health
Organization over the daily intake, the advisable daily intake of
fumaric acid, and the point was that perhaps too much funarie acid
is being consumed, So it was on the basis of that question being raised
and our desire to be helpful and manufacture as safe a product as we
can that we switeched our formula to citric acid. It really had nothing
to do with this issue, ' .

Mr. ScrLosssERG. I have no further questions. :
Senator Percy. 1 think the Learings today have shown the great
dificulty in getting data that reasonable men can agree on in'the ficld
of food and diet and nutrition. We certainly have a great need for a
certain body of basic research to get a fundamental basis from which
we can proceed. :

But we are very grateful for your appearance, for the work that
went into the preparation of this material, and the testimony that was
given, and for FDA’s participation also. Thanlk you very much,

The comunittea is in recess, to reconvene at the call of the Chair.

(Whereupon, at 12 o’clock noon, the Select Committee was recessed.)
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APPENDIX

<

ITEMS PERTINENT TO THE HEARING

-

. AvgusT 21, 1969.
Grvenral -Foops Corp,,

White Plains, N.Y.

(Attention of Dr. B, F. Daubert.)

GeNTLEMEN: Reference is made to your new drug application dated September
30, 1965 pursuant to Section 505(b) of the Federal Food, Drug, and Cosmetic Act
for the preparation “Post Alpha-Bits, Post Crisgy Critters, Post Sugar Crisp,
Post Sugar Sparkled Rice Krinkels, and Post Sugar Sparkled Flakes, with Nutrident
(Monosodium Dihydrogen Phosphate)”.

We also acknowledge receipt of your additional communications dated February
12, 1969 and August 14, 1969 respectively. :

Although it'is not nccessary for the application to be withdrawn since it remains

inadequate as stated in'our letter of May 19, 1967, in compliance with your request

tlie application is rcgarded as withdrawn. In accord with section 130.8 of the regu-
lations under the Federal Food, Drug, and Cosmetic Act, the withdrawal does not
prejudice any future filing of the application. You may request that the informa-
tion you have withdrawn be considered in connection with any resubmission.
Sincerely yours, i
Joun JenNINGgs, M.D.,
Acting Director, Bureau of Medicine.

GuNERAL Foops Corp.,
White Plains, N.Y., June 4, 1970.
DrpantMENT oF HEaLTH, EDUCATION, AND WELFARE, .
Food And Drug Administralion, )
Washington, D.C. .
(Attention of Dr. Frederick J. Grigsby.)

GenTLEMEN: Relative to 21 CRF Sce. 130.3 (a) (5) attached are Yearly Progress
Reports concerning the Dental Caries Clinieal Studies being carried out under the
following IN1)'s 3636, 3637, 3638, 3712, 3778, 3845 and 3979.

Also attaclied is a letter dated March 11, 1970 from Dr. Simon Xatz to Dr.
Joseph C. Muhler of the Indiana University Preventive Dentistry Research Insti-
tute. Dr. Katz is the investigator in the siudies conducted under IND’s S636, 3637,
3638, 3712 and 3845. This letter indicates Dr. Kalz’s coriclusion thal the beverage
products uscd in certain of the studies cause a higher incidence of caries and thal the
same products with the additives have a lower incidence of caries. General Foods, the
sponsor, has not completed its review of tliese studics, but has clected to resolve
any doubt with respeet to the caries problem stated in Dr. Katz's letter by im-
proving the soft drink mix product used in IND 3636 and similar soft drink mix
products by the placement of the addilive in its current production of the products with-
oul making any claims for effectiveness of the additive. The labels for the products are
attached showing the presence of the additive. Consideration 1s being ¢iven to the addi-.
tion of the additive lo other beverage mix products being marketed by sponsor which are
similar lo the one used in IND 8712. Products involved in IND’s 3637, 3638 and
%‘845d or products similar to them are not currently being marketed by General

oods.
Very truly yours, .
Dr. K. G DYKSTRA,
Director of Nutrition.

o 579)
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Inprana UNIvERsITY AT INDLANAPOLIS,
: Indianapolis, Ind., March 11, 1970.
Dr. Josken C. Monner,
Preventive Dentistry Research Instilule,
Indianapolis, Ind.

Dranr De. Munurr: I have recently completed the three year examination of
the children who participated in the Elkhart Study. Since this examination com-
pletes the study, I would like to make the following statements:

1. No side effeets (on general health) attributable to the products under test
“were observed by e, nor were they reported by teachers, parents and/or childrei.

2. However, the tabulation of the 24-month-examination data, analyzed after
my last report, shows a significant inerease of dental caries in children pertaining
to Groups 1 and 3 with regard to'the water topical control, i.e., Group 7 (Table
I). Dr. A. L. Russel], an indcpendent investigator has arrived at the same con-
clusion after evaluating the 24-month clinical examination original forms. There
is also a numerically important increase of dental caries in children from Groups
8 and 9 in comparison to' Group 7 (Table IT). The statistical significance of this
effect is being cmrrently analyzed.

3. Scveral local dentists have cxpressed their concernt to mie that there is a
cariogenic effcet on” {one or more) of the products under test. This concern is
based upon their findings of what appears to he an increased dental caries rate
and an increase in demineralization of pre-carious lesions in somne of their patients
who werce at that time participating in the study.

4. In view of the situation mentioned in points 2 and 3 above, I decided to
revicw the wholc studv again, retabulating all the examination sheets since the
12-month examination period. This retabulation was conducted separately for the
clinically observed (chiefly pit and fissure caries) and radiographically diagnosed
lesions {(smooth surfacc caries). Lesions diagnosed both clinically and radiographi-
cally were not compounded. In ail these instances the clinical data were given
precedence. The reason for this procedure is that reeent scientific evidence strangly
suggests that these two types of lesions are etiologically different, so that the
e}flfcct on one of them may, in some instances, be independent from the effeet on
the other.

5. I have retabulated Groups 1, 2, 3,4, and 7 for clinical evidence at 12~months;
and Groups 1, 2, and 7 for x-ray evidencc at 12-months and clinical evidence at
the 18-month examination. The remaining groups are being retabulated at the
present time. :

6. The results at present can be suminarized as follows:

12-Month Retabulation. Cliniecal Data (Tables 111 and IV

{a) The products used in Groups 1 and 8 (regular and preswectened Kool-
Aid) are markedly cariogenic in comparison lo the waler topical control (Group
?, Tuble 111). - .

{b) The addition of sodium dihydrogen phosphate cancels-out this cario-
genie cfficet (Tahte IIT).
12-Month Examinalion. X-Ray Data. (Tables 11T and IV)

{(¢) The x-ray data show no important differcuce between the groups, and
thus their addition docs not modify the picture described in a and b above.
1t would secin that the cariogenic cffcet of Kool-Aid occurs ntainly in pit
and fissurc lesious, which are dingnosed clinically.
18-Month EBxamination. Clinical Data (Tabie V') : :

(d) Table V which shows these dala, ‘ndicales that Kool-Aid s decidedly
cariogenic, and thal the addition of phosphate cancels-out this effect.

7. These findings clearly indicatc that scveral of the products used in the Elk-
hart Study are definitely cariogenic, and that a solution for that problem has
been found. Thercefore, I would like to propose that, in order to discharge our
professional, cthical, and moral responsibilities to the public the information pre-
sented in this report be submitted to the sponsor and then to the Ameriean Dental
Association. .

Sincerely, ’

Sison Karz, D.D.S,, Ph. D,

Assisiant Professor of Preventive Dentisiry.
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TABLE ).—STATISTICAL EVALUATION OF ELKHART STUDY DATA AT 2 YEARS (CLINICAL AND RADIOGRAPHIC)
(DR. KATZ' DATA)

Groups and Incremenls Percent o .
compared Increment difference value Probatility
2. 80=40. 22 versus 2. 46:+0. 19 12.2 1 B 1 0 250
5.20+ , 42 versus 4. 271 .37 17.9 i. 660 1,098
2.45z . 31 versus 1,904 , 23 22.4 1,33 1,18
L 22 versus 2,174 .18 29.0 2,174 .031
. 42 versus 3. 93+ .33 32.4 2,384 .019
.31 versus 1.77:£ . 20 33.4 1,857 1, 066
19 versus 2,174+ .18 13.4 1.082 1281
.37 versus 3,93 .33 8.6 .632 1,496
.28 versus .77 .20 7.3 .3 >1, 560
.19 versus 2. 81 , 20 3.4 . 360 >1,500
. 36 varsus 4, 63 . 37 10.1 1.0i5 1,321
. 25 versus 2. 20 , 27 2.3 . 164 >1,500
19 versus 2,17 .19 3.1 2.754 . 008
.36 versus 3.93 ,33 3.0 2,493 .0l4
.25 versus 1774 . 20 21.5 1.181 1,246
.20 versus 2. 17+ .19 29.5 239 .02
.37 versus 3.93+ .33 17.8 1.39% 1,169
.27 versus 1. 77 . 20 24.3 1.289 1. 198
.14 versus 2. 63 . 14 1.7 1110 1,278
. 28 versus 4. 85+ , 26 14.1 1.931 . 055
. 20 versus 2. 054 .19 10.9 .924 1,362

INS.

TABLE 11.—ELKHART STUDY-—DMFT AND DMFS AFTER 24 MONTHS (DR. KATZ' CLINICAL AND X-RAY DATA)

Average
A DMFT A DMFS
2,80 5,20
2.46 427
2,9] 5.15
2,81 4,63
2,53 4,46
2.73 4,(8
217 3.¢3
2.67 o.21
2.62 4,95

TABLE 1H.—ELKHART STUDY—CARIES INCREMENTS AT 12 MONTHS—CLINICAL AND X-RAY DATA
(DR KATZ' DATA)

Percent &S differences with

Clinical examination X-rays group 7
Group aT as | AT AS Clinical X-ray
0. 46 0. 46 0.34 L1 P
.87 1.27 .32 .69 -+176. 08 +1.5
40 .37 .41 .86 —19.5 +26.5

1 <+ means more caries than group 7; — means less caries than group 7.

. Mole: Extracted teeth are nol included in this table.
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TABLE 1V.—ELKHART STUDY, CARIES INCREMENTS AT 12 MONTHS—CLINICAL DATA

. Difference wilh group 7
Group N ADFT ADFS ADFT ADFS

173 0.46 088 L mmeeecnzanas
175 .87 1.27 489,13 +-176. 08
198 .40 .37 —13.04 ~19, 56
186 .87 1.02 +4-89.13 +121.74
138 .52 .57 +13.04 423,91

Nole: Extracled teeth are not included in this table.

TABLE V.—ELKHART STUDY, CARIES INCREMENTS AT 18 MONTHS—CLINICAL DATA ONLY

Diﬁere_nce wilh %roup 7.

(in percen
_Grcup N ADFT ADFS ADFT ADFS
189 1.20 1B3 teneieeonrsazcancmamnmnanes
165 1.41 2.45 +17.2 +50.3
185 1.31 1.57 +9.2 -

Note: Extracted teeth are nolincluded in this table.

—

GenEraL Foops Core,,
Law DEPARTMENT,

May 24, 1971.
Dr. Winnian J. Gyarpas, )
Division of Surgicel and Dental Drug Products, Office of Scientific Evaluation,
Bureau of Drugs, FFood and Drug Administration, Rockville, Md.

Drar Dr. Grarras: At our May 3 meeting certain commitments were made
and points of view expressed which I believe it would be appropriate to confinn
at this time. Also I would like to bring you up to date on related developments.

Prior to the reccipt of your letters of March 15 requesting the submission of
data, pursuant to Section 103.3(n)5 of the New Drug Regulations, General FFoods
was of the belief that it had fully complied with its obligations with respect to the
submission of data and other information in connection with the INDs. This
belief was based on the wording of that Scction, which reads in part—*Upon
request of an identifiable, trained and properly authorized employee of the De-
partnient, at reasonable times, these reports shall be made available for inspec-
tion, and on written request copics of these reports shall be submitted to the Food
and Drug Administration’’. To the best of our knowledge, the letters dated March
15 constitute the first written request for such reports and at our May 9 meetin
it was decided that the data in the form of copies of the examination sheets woul
be submitted. .

General Foods committed itself to the submission nf all of the examination sheets
by the end of the month of May. The work involved in fulfilling this commitment
is well under way and cvery effort is being made to mect the deadline. However, it

- should be pointed out that the job is not as simple as we origiually thought. The
examination sheets coutain entries made by the original examiner (Dr. Katz) and
a second examiner (Mr. Stookey). Their respective entries were made in different
colors so that they could be readily identified as to source. Unfortunstely, the
difference in color is lost when ph ‘ocopies are made. Therefore, it was necessary
to go through cach examination s: ‘et and mark the entries in a distinctive man-
ner which would be picked up wh 1 photocopying the records. This added step
has obviously taken a lot of time no. orginally econtemplated.

Shortly bhefore the end of the month we will hand deliver to FDA’s mailroom
the data (cxamination sheets) we have completed copying. These will be bound in
volumes, with separate volumes for cach IND, identified with the IND number.

. At the same time these arc delivered, I would appreciate the opportunity to meet
with you to show you samples of the type of records being submitted. This will
cnable you to be aware of what has been done and to give us any guidance you feel
is appropriate so that we can be as certain as possible that we are fully complying
with your March 15 request,
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General Foods disagrees strongly with the position taken by Food & Drug that
the presence of sodinm phosphate in acid containing beverages such a< KOO L-AID
soft drink mix and TANG iustant breakfast drink can eonstitute some sort of
therapeutie elaim for this ingredient. Be assured General Foods has no intention
of making any claim with respeet to thisingredient. However, we believe we should
formmlate products in keeping with the latest scientific knowledge, particulurly

_.when there is some indication of a possible elimination of an adverse ¢fect. General
T'oods is currently evaluating acid systeins which use other ingredient< and which
have been shown by laboratory tests to do a better job of modifying or inhibiting
the effeet acid might otherwise have. We will keep you informed.on onr efforts in
this alea, but it should be elearly understood that our subniission of information
with respeet to this is not to be considered an admission on our part that the
inclusion of such a modified acid system is in any way a drug.

General Foods stated its position that it was willing for Food & Drag to release
wiy information filed with Food & Drug by General Foods coneerning the studies
condueted by Indiana University under General Foods® sponsorship. Also the only
1eason why General Foods is hesitant to release any sach information is dne to the
position taken by Food & Drug that :\ny_&)ublicit-_\' resulting from the release of any

_information might be eonstrued by Food & Drug as the making of a therepentic
claim which might result in Food & Drug having to take somo action with respect
to General Foods products which contain moeno sediam dilydrogen phosphate.

During our May 3 meeting there was considerable discussion with respeet to
releasing information to the Federal Trade Commission and the staff of Senator
Edward Kennedy. On May 6 General Foods representatives inet with Mr. Bates
of Senator Xennedy’s office and explained to him the situation with respeet to
release of any information concerning the beverage work. We told Mr. Bates
that though we were willing to give him the information in the form of the Indiana
University manuseripts, we were rcluetant to do so in view of FDA’s position
thnt any publicity might be considered the mnaking of a therapeutie elaim for
an unapproved drug. We concluded by suggesting that it might be appropriate
to have a meeting with representatives of Senator Kennedy's office, Food & Drug
and General Foods present so that there would be a fuller understauding of this
situation and we could avoid or minimize any problems involved, Mr. Bates
scemed to approve of this idea and I understand he has been in contaet with Mr.
Anderson. I also understand that any such meeting will not take place uitil
Senator Kennedy's letter has been answered by Food & Diug and then only if
it still appears appropriate to have such a meeting. '

In conncetion with the two manuseripts left-with you at our May 3 meeting, it
should be understood that these are the work of Indiana University. General
Foods dees not neeessurily agree or disagree. with the findings set forth in the
manuseripts. We arc in the process of drawing our own conelusions with respect
to the work and will include such conclusions in the monitor report you have
requested. . . . S .

We understand that Indiaua University has submitted their manuscripts for
publication.in the Jowrnal of Dental Rescarch, as permitted under Section 130.3(a)
10 of the New Drug Regulations. : . :

Please be assured of General Foods' eooperation in trying to resolve any prob-
lems involved in this rather. complex - situation. We appreciate the cooperation
‘Food & Drug has given us thus far. .

Yours truly, . L -

. ; . Gorpon R. Browy,
: Altorney.

Orrick OF ScleXTIFIC EVALUATION,
o Bunreav or Duuas,
March 15, 1971.
knar, Foors Corp,
While Plains, N.Y.
(Attention of Dr. K. C. Dykstra.) -

GenrLeMiEN: Reference is made (o your discontinued Notice of Clainred Inves-
tigational Exemption for a New Drug for Monosodium Dihydrogenphosphate
JIncorporated into an Orange Flavored Brealfast Drink for the Purpose of In-
hibiting Dental Caries, IND 3712, submitted pirsuant.to section 505(i) of the Fed-
cral Food, Drug, and Cosmetic Act. .
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Section 130.3(a)(5) of the New Drug Regulations requires that the sponsor
submit sccurate progress reports of the investigations and significant findings
pertaining to safety and cffectivencss of the drug.” Your submission in this regard
are inadecquate. )

Please submit final reports and data from each investigition and a summary
of your evaluation as to the safety and effectiveness of this drug.

Your prompt attention and response to this letter will be appreciated.

Sincerely yours, :
WiLniax J. Gyarras, M.D,,
Director, Division of Surgical-Dentai Drug Products.

DeNTaL OFrFicer Sumsary ror IND 3712

Avcust 8, 1967.
Name of Sponsor: General Foods Corp., WHite Plains, New York 10602.

. I. DESCRIPTIVE DATA
1. Name of Drug: C )

Trade Name: Monosodium dihydrogen phosphate incorporated into an
orange flavored breakfast drink mix for the purpose of inhibiting dental
caries. ) ’ -

Generic Name: None.

2. Proposed Uses: As anticaries agent. - :

3. Chemical Name and Formula: Monosedium dihydrogen phosphate; NaH,PO,.

4. Mode of Action: None given. ; co

5. Formulations, route of Administration and Dosage: Monosodium dihydrogen
phosphate incorporated into an orange flavored breakfast drink; Orally; No
specific dosage recommended. o

6. Related drugs: . ) :

IND 2148—NaH,PO, added to 5 cereals, General Foods Corp.

IND 2518—Iixperimental Dentifrice T-8 (toothpaste), Lever %rothers Co.

IND 2833—Prophylaxis Paste, Bristol-Myers, Clo. : R

INI? 2954—60.75% Monosodium  Phosphate added to various cereals,

cllogg Co. i o

IND 3636—1.2 gm. Monosodium Dihydrogen Phosphate incorporated

inte scven non carbonated flavored instant soft drink mixcs for the pur-
Npose of inhibiting dental caries, General Food Corp.

IND 3638—0.78 gm. Monosodium' Dihydrogen Phosphate incorporated
into a low calerie sweetening powder for the purpose of inhibiting dental
caries, General Foods CorB. . . o

IND 3778—Monosodium Dihydrogen Phosphate incorporated into: a
cchocolate flavored beverage-mix for the purposc of inhibiting dental
caries, General Foods Corp. - : -

“IND 3845—Monosodium Dibydrozen Phosphate incorporated into an.
instant breakfast mix for tbe purpise of inhibiting dental caries, General
Foods Corp. ‘ : o : :

IND 3637—1.2 gm. Monosodium Dihydrogen Phosphate incorporated
into 7 non carbonated artificially sweetened instant soft drink mixes for
the purpose of inhibiting dental caries, Genceral Food Corp. -

IND 3979—DMonosodium Dihydrogen f’hosphate incorporated into {ablets
‘and/or gelatin capsules for the purpose of inhibiting dental caries, Gen-
eral Foods Corp. o

NDA 16-330—(Incomplete) Monosodium Dihydrogen Phosphate in-
corporated into five pre-sweetened breakfast cereals for the purpose of
inhibiting dental caries, General Foods Corp.

II. MANUFACTURING CONTROLS REVIEW

“Remarks: For phase 111, the flavor ingredients should be identified.
Conclusions: » .
Controls unsatisfactory. Sponsor should be requested to clarify thé specifica-
tions, identity determination and assay of the NDS in the product.
Labels'i?.ek notation of active ingredicnt, quantity, and caution statement.”

ERIC

Aruitoxt provided by Eic:



cor
a8d
1II. PHARMACOLOGY DATA REVIEW

“Livaluation: Preclinical animal studies, an extensive bibliography and a reprint
of the Federal Register coneerning the use of phosphate have been submitted
and reviewed in the pharmacology reviews of IND 2148 and NDA 16-330.

The following studies have been performed by the sponsor:

(1) Enamel Solubility Studies with Phosphates Using in-vivo and in-vilro
Procedures. :

(2) Dental Caries Studies in Rats and Hamsters.

(3) Enamel Solubility and Dental Caries Studies in Animals Involving Pre-
and Post-natal Phosphate Administration,

{4) Plaque pH Studies Using Phosphates. )

(3) Preclinieal Investigations on Experimental Animals Using Phosphate
Enriched-Cereals. .

(6) Studies on the Funection of the Salivary Glands.

Reviews of animal studies in INI? 2148 and NDA 16-330 may be used as cross
references to this IND.

Inasmuch as monosodium dihydrogenphosphate in GRAS as a food additive and
the animal toxieity data appear to be adequate, we have no objeetion to having
the sponsor continue elinical trials.”

IV. CLINICAL INVESTIGATIONS

This eclinieal study was earried out simultancously with the clinieal studies of
IND 3636 (Regular IKoot-Aid), IND 3637 (Artificially Presweetened Kool-Aid)
and IND 3638 (A Low Calorie Sweetening Powder). '

A. There were two elinieal investigators listed: :

Joseph C. Muhler, D.D.S.
. Simon Katz, D.D.S. ) : . '

B. 250 children residing in an aren having a water supply containing less than
0.2 ppm of fluoride were given a elinieal examination with the aid of 5-7
bitewing radiographs. : o :

C. The age range was 6-15 years. There was no distribution by ehironologieal

- age or by sex. The children were -divided into experimental groups
aceording to dental age and past caries experience. The groups and their
products were as follows: . :

Group I—Regular Kool-Aid . .

Group II—Regular Kool-Aid containing NaH,PO, (IND 3636)

Group III-—Artificially presweetened Kool-Aid .

Group IV—Artifieially presweetened Kool-Aid eontaining NaH:PO«
(IND 3637) . .

Group V—Artificial sweetening agent containing NaHsPO,

Group VI—Artificial sweetener : -

Group VII—Qrange flavored breakfast drink mix containing 280 mg.
of NaH,PO, per serving. . : : .

1. The submission stated: ‘“Although no attempt will'be made to regulate
consumption, an accurate consumption record, patterned after those
employed in previous elinical studies, will be maintained on each sub-
i')cet_. ’:’&dditiona.l supplies of the produet will be provided on a nionthly

asis’’. .

E. There arc no results reported to date.

V. EVALUATION

A. The design of the studies ncgleeted to give any eonsideration to the following:

(1) Previous fluoride exposure. : :
(2) Specific diets of subjeets—henee the exact amount of~phosphate
. ingested was not given, -

(3) Better contiols would have been a group that did not consume any
of the products at all. . :

{(4) No atterapt was made to explain the possible mode of action of the
monosodium dihydrogen phosphate. :

(5) There was no mention of metabolic studies

.{6) There was no cxact calculated related dosage,
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(7) The amount of phosphate added seems very sinall compared to the
phasphate content of the natural diets of human beings,

(8) There was no consideration or mention of the many varmblea which
tmg,ht have n bearing on these clinienl studies, such as overall oral
hygiene or composition of baeterial flora of the oral cavity.

VI, RECOMMENDATIONS

A. Sponsor should he advised that these studies have « = tnmlur to thnse
which were pointed out at the eonference June I, 1967 on thclr incomplete”
NDA 16-330.

B. Sponsor should be requested to supply:

1. Tdentifieation of flavor ingredients. i
2, Clarification of the h]:»ecmcatxmh, identity determination and assay
of the NDS in the product.,
. Identification and amount of the nr-tlve ingredient and the proper
eaution legend on the immediate package label.

Crarexce C, Grukrs, D.D.S,

MEMORANDUM OF CONFERENCE
: Aprin 7, 1971,
Present:
Gord(_)on2 Brown, Attorney General Foods Corporutiun, While Plains, N.Y,
1060
Marion Finkel, M.D., Deputy Director, Bureau of Drugs
\Inrvm Scife, M.D. Aetmg Director, OSE Division of Surgical-Dental Drug
Products, OSI«/BI)—-‘G()
Witliam J. Gsurfas ALD., Dircetor
Frederick J. Grlgsby M.D. , Deputy Direclor
Clarence C. Gilkes, D.D.S,, " Dental Officer
Sub,]ect IND’s for which letters were written to ihe sponsor, dated Aarch 15,
1971, (Monosodiumn dihydrogen phosphate added to various fouds).

Atty. Brown opencd the conference by stating that he wanted to discuss our
letters dated Mareh 15, 1971, requesting complete progress reports on the IND’s
which have leen discontinued and he also wished to inquire about the letter from
-Dr. Simmons signed by Dr. Finkel on IND 2148, He continued that he had et
with Dr. Jennings and had explained the work done at Indiana University and
they were trving to resolve their prohlems associated with their cereal studies,
IND 2148 and NDA 16-330. The NDA had been withdrawn because of the prob-
lems at Indiana University and they promised Dr. Jenpings that they would
return and give him a full report on all of the re-evaluations,

Qur visitor wns reminded that full reports on the re-cvaluation should be
submifted to the IND and NDA under which the studies were eonducted.

Atty. Brown was asked who was doing the re-cvaluations? He replied that
Indiana University was doing themn.

He was reminded that the in ue:hgutor involved in the problem was on the stafl
at Indiana University,

The question was asked about the outsnde conaulhnt who was mentioned to
re-cvaluate?

Atty. Brown stated that they were having an outside consultant participate
in the re-evaluation.

The conversation then was direeted to the discontinued INIYs.

Atty. Brown stated that the'reason -final repérts were not in was thai even
though the 3 year studies were completed, analysis of -the x-rays and other data
had ‘not heen completed. and -the reason for this was- mman power shortige at
Indiana University. He udded that there is some doubt that the 3 year ditta is
valid because of the large drop out rate and decreased use of the pmduet duri ing
the last 2 years of the study. He also added that at this time they have no in-
tention of filing an NDA for any of: the produets in the IND’s whichh were dis-
continued.

Dr. Gyarfas summarized that the work on the NDA began in 1964, hut until
this date not all of the data bhas been submitted. The mulerml was found to
he incomplete and.the sponsor withdrew and resubmitted, and again the NDA
was approvable and again the sponsor withdrew the apphc'ltmn He added that

Q data on the discontinued IND’s would lmve to be submitted whether the
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=ponsor thinks it is valid or not. Also there are several investigators involved
;n the IND’s that are not accounted for and according to the regulations they must
e, .
The discussion turned {o the sponsor now listing monosodium dihydrogen
phosphate on the package of “Kool Aid” but not making any claims.

Atty. Brown stated that the reason they were doing this was because one of the
studies showed that the “Kool Aid” group came up with more cavities than
the group which did not drink any beverage and so the ingredient was added
to offset the erosion effect of the acid or of the beverage itself. He added that
he thought someone here at FDDA told them that if the ingredient was so good,
to go ahead and add some but don’t make any claims, :

Dr. Seife stated that there nmst have been some misunderstanding about that
point bezause this just can’t be done.

Qur visitor was told that even though monosodium dihydrogen. phosphate was
1 GRAS item (generally recognized as safe) that the sponsor should be adding
the ingredient, even to a food, for a reason.

Dr. Finkel explained to Atty. Brown that addition of this ingredient is implying
1 therapeutic effect and even though no statement is made it is considered a drug.

- She added that there has been considerable information in the literature and
available to the public that earies studies have been condueted with this as the
active ingredient.

Atty, Brown said he was surprised to hear this point of view and would convey
saue Lo the sponsor. : :

It was re-cinphasized that we have no information whatsoever on the results
of the “Kool Aid” studies and that there is no question of safety, but of cfficucy.
These studies have gencerated widespread inquiries all the way to the level of the
U.S. Senate and we are unable to give any answers because we have no data of
any kind on these studies.

Atty. Brown thanked us for our time and promised Dr. Gyarfas that they
would reply to our recent letters telling us exactly when they will get the data
containing the final results into us.

It was requested that the information on the Goshen, Indiana cereal siudy
which was presented to Dr. Jennings, be submitted to IND 2148 and NDA
16-:330. .

The conference ended with the usual amenities at 10:20 a.m.

Crarence C, Giukus, D.D.S.

MEMTRANDUM OF CONFERENCE
May 3, 1971.
Present:
Gordon R. Brown, Counsel for General Foods Corporation.
Dr. Xenneth G. Dykstra, Director of Nutrition, General Foods Corporation.
Julius Ozick, D.1D.K., Consultant-Cieneral Foods Corporation.
Division of !J.ﬂ'urgicul-])m\tul Drug Produects:
William J. Gyarfas, M.1)., Dircetor.
Frederick J. Grigsby, M.D., Deputy Director.
Robert Anderson, General Counsel’s Office.
Clarence C. Gilkes, D.D.S:, Dental Officer. ‘

Mr. Brown opened the conference by stating that Indiana University was
used as the ecenter of CGeneral Foods Corporation eereal studies with phosphates,
and then they switched to studies of beverages with phosphates in them. He added
that the principle beverage work swas done at Elkhart; Indiana, and this work had
béen completed. He also mentioned a letter from Dr. Katz to Dr.. Muhler referring
to anerosion effeet of .the acid in ““Kool-Aid” on the enamel of teeth of subjects in
the study. Sodium dihydrogen phosphate (NaH:POJ) appeared to overcome this
crosion effeet and has been added to ““ Kool-Aid” and will scon be added to “Tang”,
their orange-flavored beverage mix. The effect of Nall,PO, is to huffer the acid'in
t.hcdpr()duct. However, they were not making any therapeutice claims for the
produet. :

There was emnsiderable discussion of the faet that as a result of the Elkhart,
Indians, beverage studies, the sponsor proeceded to add sodium dehydrogen
phosphate to “Kool-Aid” as an ingredient—making no claims—but had donc so
as a direet result of findings they had observed in a study condueted under IND
3636 without submitting any of the data to FDA for evalualion. They had taken the
stand that it was a GRAS itemn and were adding it to buffer the acid..
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Mr. Anderson stated that depending on consumer response the possibility of
other complications in the future, FDA may have to takc another look at this
particular product.

. Dr. Gyarfas stated that their reasoning for adding the ingredient appeared to
nn{ﬂy a claim. )

Mr. Brown once again related to us that he had et with Di. Jennings and
B)romiscd him the results of reevaluating the x-rays on the Goshen cereal study.

1e added that the reevaluation was in progress and was almost completed.

Mr. Brown gave Dr. Gyarfas two manuseripts to peruse and stated that they
were on the Elkhart, Indiana, beverage stitdies and would soon be published in one
of the jonmmals. ) )

Quite a bit of discussion followed on the technieality and legality of publishing
results of a study condueted under an IND without submitting the results first to
the IND. It was brought out that the sponsor’s interpretation of the results may
p}(lyssiblglbe different from FDA’s evaluation of the data and hence might mislead
the nublie. .

Mr. Brown read the synopsis of both papers and requested that we review them
and let the sponsor know what additional back-up data is nceded.

Dr. Gyarfas informed our visitors that the papers should refer specifically to
the IND under which the studies were condueted and should be in the form of an
official submission.

Mr. Brown informed us that there had been an inquiry from Senator Edward
Kennedy’s office on the results of the Elkhart, Indiana, beverage studies—nainely
the “Kool-Aid"” and “Tang’’ stadies. :

Dr. Gyarfas replied that we nad a similar request for information from Senator
Kennedy’s officc and that we informed his offiec that we could not give him any
information hecause we had no data on the resulis of the studies in question. He
further emphasized that even if we had the results the confidentiality of the
sponsor had to be respeeted aceording to the regulations.

Mr. Anderson elaborated on this point also and expressed FDA's position in
such a matter. :

Mr. Brown also read a letter from FTC requesting the same information.

Dr. Gyarfas onee again requested that the sponsor submit all the raw data and
the suinmarized results of on each subject in each of the studies condueted under
the seven IND’s which the sponsor has diseontinned.

AMr. Brown argued that until reeently he had not been asked for individual
patient records, but only for progress reports,

Dr. Gyarfas observed that this information had been requested several times
in conference and only promises resulted. He pointed out that the Congressional
inquiry as well as the sponsor’s deeision to add the aetive ingredient to their
beverages without FDA reviewing the data, now makes it mandatory that they
?ubmit all raw data which should be in the form of individual patient record
orns. :

Mr. Anderson explained to our visitors FDA’s position on releasing information
to Senator Kennedy's office and FTC. He re-emphasized that the sole responsi-
bility of release of such information lies with the sponsor. :

Mr. Anderson then asket our visitors if they would give us a definite date by

. which this raw data on cach IND will be submitted.

Mr. Brown conferred with Mr. Engle, from Indiana University, and Dr.
Dykstra and agreed to have the data in by May 31, 1971.-~

Mr. Brown re-emphasized that at this time the company did not feel that there
was sufficient basis in any of the IND’s to file an NDA.

Dr. Gyarfas reluetantly accepted the two manuseripts, after much insistence
from Mr. Brown, and stated he would file them in' IND 3635 with their approval
since no specific IND number or product was mentioned.

Mr. Brown thanked him and the conference ended with the usual amnenitics
at 12:40 P.NL .

‘ CrareNce C. Giukes, D.D.S.

O
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IADR Abstracts 1969
ITEM 0666

Enamel Protective Factors in Foodstuffs. M. E. Weiss,* B, . Clarkson and H.
Berlin. Eastinan Dental Center, Rochester, New York; Lewistown, Pennsyl-
vania.

Three mecthods: (1) half tooth decaleification; (2} solubility of radioactive
cnamel in baeterial fermentation products; and (3) an enamel surface *‘window”’
technique, were used to test extracts of plant materials for effects on enamel
solubility. Using (1) it was found that 15 plant extracts offered a measure of
protection against enamel dissolution in pH 4 lactic acid. With (2) soluhility re-
ductions of more than 90 percent were cbtained with several herb products. With
(3) levels of enamel protection were lower but quite definite. Tests designed to
indicate how the extracts modified enamel solubility showed both organic and in-
organic agents were involved; in method (2) inhibition of bacterial activity played
a large part, and that in (3) where bacterial activity was not involved the enamel
proteetion depended partly on inorganie (buffering) ageats and the action of some
organic components. .

ITEM 666

Suppression of dental caries by chemical activation of the hypothalamic-parotid
endocrine axis. R. R. STEINMAN* and J. LEONORA, Loma Linda Uni-
versity, Loma Linda, California.

Preliminary evidence suggests that the direction of fluid movement through the
dentin plays a major role in resistance to dental caries. Fluid movement in the
dentin is hormonalily controlled by the hypothalamic-parotid gland axis. Com-
ponents of the ornithine cycle, particularly urea, stimulate the hypothalamic-
parotid axis which activates fluid movement through the odontoblastic processes

- in the dentin. The present study was conducted to deterinine whether the con-

tinuous chemical activation of the hypothalamic-parotid axis witl subcutaneous
{sc) administration of exogenous urea or citrulline would deecrcase the incidence of
dental carics in rats mnaintained on a high sucrose cariogenic dict for 13 wecks.
Seventy-six male Sprauge-Dawley 2! day old rats were divided into five groups
and treated as follows: Group I twenty rats saline se 3 times a day; Group II
seventeen rats 20 mg urea s¢/100 gm body wt/2 times a day; Group III thirtcen
rats 80 mg urea s¢/100 gm 3 times a day; Group IV twelve rats 240 mg urea sef/100
gm 3 times a day; Group V fourteen rats 60 mg citrulline s¢/100 gm 2 times n
day. The nunmiber of eavities after 13 weeks was 15.6:41.7; 9.921.3; 4.5+ 1.3;
1.8£0.3; and 11.24+ 1.5 respeetively. All animals were autopsicd. The animals
receiving 240 mg urea 3 times a day showed evidence of stress having enlarged
adrenals, spleen and kidneys and lower weight than the eontrol animals. Those
recciving 80 mg urca 2 times a day or less showed little or no evidence of stress,

ITEM 667

The Relative Effect on Dental Caries of Three Food Supplements to the Diet.
Sidney B. Finn*, Homer Jamison, Institute of Dental Research, University of
Alabama in Birmingham; School of Dentistry, University of Missouri, Kansas
City, Missouri. :

Over 600 children between 6 and 18 years of age in residence for 9 months-of
the year at a state institution, were divided into three equal groups of over 200
each. The three dictary additives were fed at the breakfast meal. All children
consumed the same basic diet. Supplément one was a sugar-coated cereal; supple-
ment two, raisins and fruit juices, and supplement- three, a non sugar-coated
cereal containing approximately 0.4% disodium phosphate incorporated into the
cereal during the processing. Sugar and other sweets and earbohydrates in their

- daily diets were not restricted at any meal. After 18 months on these regimes,

examinations with mouth mirror and explorer, and bite-wing radiographs revealed
the following results. The mean DMF teeth or regime one was 1.57, regime two
was 1.43 and regime three was 1.44, The mean DMF surfaces in regime one were-
3.13, regime two 2.61 and regime three 2.89. Statistical analysis of these differences
did- not approach significant levels. Determinations based on the number of
available surfaces did not reveal any significant’ differences either. “This was a
double blind study. The results would indicate that under the conditions of this
study a sugar-coated cereal does not produce & significant change in dental caries’
ineidence when compared o uncoated cereals or.fruits containing natural sugats
O eaten once a day in an unrestricted carbohydrate diet.
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ATEM (68

Clinieal Investigation of Dial Alloy Restorations in Teeth with Deep Subgingival
Cavies RELENA L. LIATUKAS*, College of Deutistry, Howard University,
Washington, D.C. . )

A two-year study of gold-to-amalgam fillings restoring deep snbgingival caries
was made. The subgingival “problent” areas of earies were loeated hoth proximally
and bueally. Forty adult permanent teeth were included in the study. In each
case, a east gold restoration was indicated but would bave been technically
difficult to construct due to caries depth. The teshnique used invnlved the buildup
of gingival floors above soft tissue height with Ag amalgam prior to construction
of the east gold fillings. [ixtrenie care was taken to josition the gold to amalgam
marging above the gingival erest for ease of elinical eveluation. Saliva pIL was
measured at pre- and post-restoration intervals. Other post-insertion clinical
evaluatinns inclided: corrosion, discoloration, pitting, metallic taste and other
discomiort related to the vestored teeth. No significaut change in pIl oceurred
hetween pre- and post-insertion measurements (range 6.8~7.1), Surface discolor-
ation was seen in two cases only at the 6 month interval, Discoloration observed
was easily removed with prophylactic paste, Metallic taste occurred in onc |
patient only following placement; however, spontancons disappearance oceurred
after 1meonth, No clinically significant changes in surface texture, marginal adap-
tation or corrosion were fornd in the cases tested. Microevalnations of these
proprrties are heing eondncted. o

Lasorarory  Svupres*  CoxeerNine rHE  Errucr oF  Aci-CoNTAINING
Brverages oN- ENasel DissoLuTioN anp BxperimeNTAL Devran Canies

(By James L. McDonald, Jr, aud George K. Stookey, Oral Health Rescarch
Iistitute, Indinna University-Purdue University at Indianapolis, Tudianapolis,
Indiana)

Studics were conducted to determine if acid-contatning beverages affect
odversely {a vilro enamel dissolution and experimental denial caries, and if
the addition of phosphate influcnces these sysiems. Resulls suggest that these
beverages cause dissolution of enamel and produce ewamel erosion in ral
molars, reqerdless of the presence or absenee of sucrose. Addition of NaHy PO,
reduced the damage Lo enanicl. o

For many years the literature has suggested that a variety of different acids are
harmfal ta the teeth. McChute (1) noted that a dilute solution of lactic neid resulted
in gross destruction of enamel and dentin. Similarly, Gortner, Restarski,” and
AleCoy (2) ohserved extensive erosion of rat enamel one week after the ingestion
of a suft drink that eontained phesphorie acid; they suggested (3)(4) that this
phenomenon was elated to the type of earbohydrate in the heverages and the plf.
Alsa, it was foand (5) (6) that not only was crosion apparent with systems that
contained various earboxyvlic acids (such us citric, acetie, and lactic acids), but
<imilar findings were obtained with orange juice. Although it has bheen suggested
(2), (7) that the prescnee of sucrose has a role in this pracess, it is more conumonly
aceepted (8), (9) that the type of acid present and the hydrogen ion concentration
are the dominant factors. It also has been suggested (10) that the influcnce of
sucrose may be related more closely to the consumer properties of the beverage,
and thus serves to inercase the amownt of dunage found in vivo through an ju-
crensed consumption. This damage can be manifested as . erusion of the sound
cnamel surface o1 as an increase in dental earies in experimental animals.

Investigations as to which acids are most harmiful have not resulted in clear-cut
evidenee, hnt it is known that dunage is not, direetly proportional to the hydrogen
ion concentration. Wynn and Haldi, (7). for example, studied the.crosive: action
of varions fruit juices in rats; they reported that the lack of relationship betiveen
the extent of erosion and the degree of acidity of the different juices indicates.
that there are other factors besides acidity that produce enamel damage. Genernlly,
it is believed that a frult juice prepaved from fresh.fruit is more injurious than the
nse of the fruit ttself. (11) " ) S - : :

Additional confirmatory reports. about the adverse influence of acid-contaiiing
beverages on enantel have continued to appear in the dental literature. These
reports expressed concerit.about the potential damaging cffect of acid-containing

*I'his study was supported, in part, by a geant from the Tridintia University Foundation, Bloomington,
Ind. Reeeived (or publ' D L .

feation saveh 20, 1971,
Q -
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soft drinks (12) and various fruit juices. (13) (15) Bruncl ct al (14) found an
increased incidence of dental carics in rats that were given cider, which suggests
that these preparations are not only erosive to cnnmcl but may be cariogenie.

In addition to_the investigations of the erosive properties of acid- cmlt‘unm'T
heverages, as evidenced by in vitro cxperiments and studies in experimental
animals, there have been elinical reports in which erosion was ussociated with the
ingcstiml of these preparations. Fineh (16) reported that extensive severe erosion
is associated with the increased ingestion of citrus fruit drinks and fruit juices.
Allan (17) found that extensive erosion was atiributable to the ingestion of lemon
nice.
| Some of thc previous in vitro studies (13) implied that the addition of calcium
and phosphate Lo acid-containing systemis would alleviate partially the chemieal
process of erosion. This effect was explained on the basis of the well-known buffer-
ing ability of phosphales, and the influence of the ealeium and pliosphate ions in
the reduction of enamel dissalution by the ecommon ion effect. There have been
nunterous studies (18)(19) about the beneficinl influence of phesphates on dental
etries in experimental animals and humans; thus, their possible tole in the allevia-
tion of crosion merits additional consideration.

Besause acids, as such, are not commonly ingesied, the practical problem in-
volves the use of foods, cundy, and beverages that contain specifie aeids as natural
mgxcdlcnls or thosé tn which acids are added for purpeses of taste or praduct
stabiliby. This series of studies was conducted to investigate the effeet of commer-
cially available, low pH food items on erosion and experimental dentad caries and
to determine if the addition of phosphate had o beneficial influense on this phenom-
eiion. The results of the laboratory studies are reported in this paper, and the
{indings of studies with humans will be summarized in o paper (20) 1o be published.

MATERIALS AND METHODS

Tn vitro ename! decaleification (studies 1A and 113),—To determine the influcnee
of acid-containing foods and individual acids on enamecl dissolution, two iu vitro
studies were condueted with the use of bovine incisor enamel that had been stored
in a 2.8% Formalin selution (pH 7). The enamcl sections were embedded in wax
and e¢old-curing methyl methaerylate, and a circumseribed aren 6 mm in dinmeter
remained exposed. The teeth were placed in individual bottles to which 25 m! of
the respeetive acid solutions was added and they were maintained in a continual
immcrsion apparatus that revolved at 3 rpm for 24 houra. Two reeth were tested
per group. The enamel seetions then were removed and the solutivns were analyzed
for caleinm by atomic uhsorption speatroseopy.

In viza enamel eroston (study 2).—Sixty weanling male W)shr rats that weighed
about 30 gm each were sepurated into four equal groups according to hody weight.
During the four-week experimental period, all rals were plovldcd with a corn par-
tiele (hct* and the fnllm\mg drinking solutions ad libitum: Q,mup 1, a SUCros
mntunmg powdered soft dnnk mix (SL; PSD mix); group 2, SC-P30 mix plns

125% NaHaPOy; group 3,a powdered breakfast orange drink mix {PBOD mix);
:m(l group 4, PBOL mix plus 0.1255) NaH,PO,. At the end of 28 dayvs, the rats
were killed, tho heads were removed, and the soft tissue was dissected ~m gically
froin the jaws. The jaws then were stored in 109% neutral Formalin for two days,
{transferred to 70 G, aleohol for two days, and c\'\vmmd for the presenee or 1b~('nu
of enamel erosion with the aid of a binocular miernscope (X)), The severity
of erosion was gmdcd as follows: The lingual surface of Mch maxiliary molar was
separated mesiodistally into three different regions for scoring. In the maudihle,
the first molar was %vp‘nntocl similarly into three different regions, whereas the
second and third molars cach were separated into two different resions far erosian
evaluntion. Thus, a total of 32 scores were obtained (mw for cuh Illdl\ldul]
region) for the maxilla, and umndablo comnbined. Each region to be scored wa
nussl'rncd a value from 0 to 5 hased on the fulln\uuq seale: 0 no crosion; 1, slwhl,
erosion limited to the enamel; 2, spot erosion with (,\I)(h(‘(l denting 3, llng.,mt

ennmel gone (self formationt); 4, crosion that extended onto the buccal sirface;
and 5, massive crosion with veduction in cusp height and tooth volume. The
rean value for cach maxillary tooth was added to the mean value for each man-
dibular tooth, which’ cqunllcd the total mean severity score per rat. :

*The composition of this diet was ns follows (in percent) :.ello“ corn meal, 64.0; powdered whole nnlk
30.0; alfalfa menl, 4.8; iodized sult, 1.0; and Irradiated yeast, 0.2
TC]mmcLeristlcallv the observed erosion occarred almost exciusiv nl\ on the Hngual surfagss, Tn fnstanecs
11 the ennmel was erocded away from the clinical erown on the lingnal smface, a shelf of vmmcl was
l: MC ‘e height of the gingival crst that had been ple:cnt
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Ezperimenial dental rarics.—Sixty weanling male Wistar rats were separated
cqually into two groups (study 34). The rats were provided with a cariogenic
dict ad libitwn. The rats in group 4 served as controls and reccived distilled
water ad libitum, whereas the rats in group B were given PBOD mix as the drink-
ing beverage. This latter beverage was prepared fresh daily. After 60 days, the
rats were killed and their heads were preparced for carics examinations as deseribed
previously (215,

Scventy-five weanling male Wistar rats were separated by body weight intn
three cqual groups (study 3B). The rats were provided with the cariogenic dict ad
libitum. The rats in group A served as controls and received distilled water ad
libitum. The rats in group B received PROD mix ad libitum {as in study 34) in-
stead of drinking water, whereas the rats in group C reccived PBOD miix fortificd
with 4.0 mg phosphate per milliliter, which was added as Na,HPO,. All drinking
solutions werc prepared fresh daily. The animals were maintained on these respee-
tive regimens for 42 days, at which timce they were killed and their heads were
prepared for carics examination as in study 34.

One-hundred fifty weanling inale Wistar rats were separated according to body
weight into five cqual groups (study 3C). All rats were given the cariogenic dict
and the respective drinking water or beverages ad libitum. The rats in group A
scrved as controls and reccived distilled watcer, whercas the rats in group B re-
ceived a commercially available unsweetcned orange juice in place of drinking
water. The rais in group C were provided with commercially available sweetened
orange juice. The rats in group D werce given PBOD mix that was preparcd fresh
daily according to the manufacturer’s printed instructions. The rats in group E
reccived PBOD niix fortified with 1.0% NaH.POH.0. The rats were maintained
on these regimens for 42 days, At this time, the rats were killed by cther inhalation
and the heads were examined for dental caries.

RESULTS

The data obtained in this study are indicated in Tables 1 through 6. Table 1is a
comparison of the amount of caleium that dissolved from cnamel during a 24-hour
immersion in a number of diffcrent carboxylic acid-containing foods and & com-
parison of the influence of the added phosphate in several instances. Althoughall of
the evaluated products resulted in cnamel dissolution, the greatcst amount oc-
curred with exposure to the sucrose-containing powdered soft drink mix; the least
amount of dissolution occurred with cxposure to the two dessert preparations,
The addition of 1%, Nali,PO, scemed to reduce the rate of enamel dissolution in
cach instance.

TaBLe 1.—Relative Influence of Carboxylic Acid-Containing Foods on Enamel
Dissolution In Vitro With and Without Added Phosphale (study 1A)

Ename!l

digsnlu-
tien {pg
4 Cafmlf2}
Food item ) 0iers)
Water (distilted)___._____ e e e e — e e ]
Sucrosc-containing powdered soft drink MiN- o e o oo oo oo 282
Sucrosc-containing powdcred soft drink mix + 1% NaH,PO,...___.__._. 140 -
Artificially sweetened powdered soft drink mixX_ ... ool 220
Artificially swectcned l)owdcrcd soft drink mix 4+ 1% NaHPOs ___.._.. 147
Iard sour candy ball *______ o eieeaaiao. 200
Hard sour candy ball *_ e e 147
Hard sour candy ball * 4 19, NaHoPOyso . __________..___ 147
-Powdered breakfast orange drink mix._.__________ . ___________ 111
Gelatin-tye dessert . - o e e e e 65
Instant dessert preparation. . Lo . 26
Apple Juite. - o 127

* One candy ball used per 50 m] water.

In Table 2, the influcnce of different carboxylic ncids, which arc used com-
monly in acidie food itcms, on cnamel dissolution is comparcd. All of the acids
resulted in enamel dissolution, but fumaric acid was more deleterious than either
citric or tartarie acid at cquivalent’ concentrations. The addition of phosphate to
the three acids that were tested provided a-small reduction in the amount of
enamel dissolution that occurred. ' '

#Tha composition of this diet wos as follows (In percent): yellow corn grits, 46.0; powdored whole milk,
& sucrose, 19.5; alfalfa meal, 4.8; lodized salt, 1.0; and irradiated yeast, 0.2. .
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TasLe 2.—Reclative influence of phosphate in vitro enamel dissoluiion produced by
commonly used carboxylic acids (stedy 13}

Fnamel

dissofu-

tion (ug

Calmif2s

Carbozylic acid system hours)
Fumarfe acid (0.15%) av oo e e 257
Tumarie acid (0.15%)+1% NaH PO .. 207
Citrio aeld (0.1595) oo oo e e e i cmacceee s 167
Citrie acid (0.15%) -+ 1% NaH POy oo e 123
Tartarie acld (010 oo oo - o o e e e e —eeeee 159
Tartarie aeid (0.15%%) 4+ 19, Na¥ PO oo 143

The results of the enamel crosion study in which the SC-PSD and PBOD mix
were tested in rats are indieated in Table 3. The rats that received SC-PSD mix
had higher erosion scores than those that received PBOD mix. The addition of
Nall,PO; at the 0.125% level reduced the crosion produced by both of these
acid-containing beverages, although the differences between groups were not
significant statistically (P<0.06).

The results obtained from the dental caries examinations of the rats in study
34 are indicated in Table 4, The control rats {(group A) had an average of 8.1
fesions, whereas thnse in group B, which received PBOD mix, had an average of
11.6 lesions. The 43.2%, difference in the ineidence of caries is highly significant
(P<0.001).

The data obtained from the rats of study 3B are shown in Table 3. The rats in
group B that 12ceived PBOD mix in place of drinking water had an average of
12.1 lesions per rat; this was almost twiee as many as the distilled-water control
rats (group A), which had an average of 6.3 lesions. The mean nuniber of lesions
nbserved in the group C rats provided with phosphate-fortified PBOD mix was
5.5. A slatistieal evaluation of the data indicates that the increase in caries inci-
dence in the rats provided with PBOD mix was highly signifieant (P<{0.001) as
compared with those given distilled water. Similarly, the addition of phosphate to
this preparation (group B) resulted in a highly signifieant (P<0.001) antieario-
grnic effect. There was no significant difference between the distilled water group
and the group that received the phosphate-fortified PBOD mix.

TABLE 3.—EFFECT OF 2 DIFFERENT CARBOXYLIC AC!D-CONTAINING BEVERAGE MIXES ON FNAMEL EROSION
IN THE RAT (STUDY 2)

Number Mean welght Mean total

Group  Regimant ’ . of rats gain (gm)  erosion score
1 SC-PSD Mo cessaiiacaaas o aet e et aacaac e camaacaaas 15 :87.13d.1 48.1:+4.4
2 SC-PSD mix -+~ 0,125 percent NaH2PO,. . . 15 88.7£4.7 36.6:4.3
3 PBOD MiX. eaneeeac e naianaanemann 15 84.248.1 11.4£3.0
4 PBOD mix -} 0.125 percent NaH2PO4o e oo eee o cenmaoaanacaannnanan 15 87.4:5.8 4,841, 4

1 SC-PSD mix, sucrose containing powdered soft drink mix; PBOD mix, powdered breakfast orange drink mix.
2 Standard error of the mean.

TABLE 4.—EFFECT OF A CARBOXYLIC ACID-CONTAINING PREPARATION ON CARIES IN RATS (STUDY 3A)

Final Average

. number number Percentage
Group Beverage consumed of rats of lesions difference
A.. . Distilled water . 28 181403 ... ..........
B.. - . PBOD mixa._.. . 29 11.6%.4 - 31443.2

| Standard error of the mean, .
! Powdered breakfast oranﬁe drink mix,
3 Value significant at 0.001 level,

O
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TABLE 5—EFFECT OF A CARBOXYLIC AC!D-CONTAINING BEVERAGE MIX ON CARIES IN RATS (STUDY 3B)

Final Mean
number number Percentage
Group - Beverage consumed - of rats of lesions difference
22 26.3£0.5 ...
21 i2.1+.5 +92.1
22 5.54.7 -12.7

1 Compared with distilled water control.
2 Standard error of the mean.

The incidlenee of caries in study 3C is summarized in Table 6. The control rais
that reecived distilled water had 7.7 cariows lesion., wherens those provided with
unsweetened orange juice had a numerieally (but not stalistically significant)
lesser carvies incidence of 6.6 lesions. The ingestion of sweetened orsnge juice
(group C) resulted in 8.5 lesions per raf, which was slightly moie than that of
the control ratz, The rats given PBOD mix had o mean value of 9.2 carious lesionsd
when ecompared with the eontrol value, the latter finding represents a highly
significant (£2<0.001) increase in the ineidence of caries (5295), which is atfribin-
able to the ingestion of the beverage, ‘The provision of phosphate-cnriehed PBO1Y
mix (group D) resulted. in a mean value of 6.6 carious lesions. The addition of
phosphiate resulted in a Lighly significant (P<C0.001) deerease in the incidence of
caries (28.37%) when campared with that found in the rats provided with the
commereinlly available preparation. Agoin, there was no significant difference
in the earies experience of rals provided with digtilled water und thoge given ihe
phosphate-containing PBOTY mix.

DIS JUSSION

The results of this study eonfirm the findings of other investigetors (1-16) whicl
have illustrated the deleterinae effeet of low pIl beverages on enamel. These
data may or may not be related to damage that conld resolt in the hiunan, even
though the ervosion did ocear in the rat aud in vitro. These findings zlso indieate
that various acidic foods differ in the magnitude of their deleterions cffect on
enamel, However, the absence of sucrose from these beverages does not render
them harmiless to en.  ~L Furthermore, all of the eommnereial produets evalunted
seomed to eause ent - o dissolution, regardless of the presence or abasence of
sucrose in the podu. .. OF eowrse, the miceobial metabolism of sucrose would he
at & minimum at the low pl values present in some of these produets. Thus the
majority of the daninge must he attributed to the con=tituent ncids; the dentist
should be aware of the damage caused by any food product that econtains thoese
acids, in gpite of the rationale that they are cleared ranidly front the oral eavity.

TABLE 6.—EFFECT OF A CARBOXYLIC ACID-CONTAINING BEVERAGE MIX AND ORANGE JUICE ON CARIES
IN RATS (STUDY 3C) .

. X Final Avarage

Beverage number of number of Percenlage
Group consumed rats lesiotis difference
A __ Distilled water. ____._____ R IR A 1 -
B. - Unsweetened orange juice 28 6.6 .5 —14.3
C. - Sweetenedorange juice.. 27 8.5 .7 -+10.9
D.. - PBOD mix.____..___.__ 25 9.2 .5 24+19,5
E.... D mix4-NaH:PO.HiD 28 6.6% .4 3414.3

! Standard error of the mean.
* Value differs significantly from control value a§ 0,05 level.
_thAgg%dDat antount estimated to provide the rats with about 25 mg of phosphorus daily or about 6,54 percent by weight

A variety of different phosphates are known to rednee experitnental earics in the
b and hemster (18). The data obtained in this study suggest that phosphate
also can be effeetive in the reduction of the enamel dissnlulion shal resilts from
the. use of acid-containing bheverages and hard candics, When NallPO, was
added to the different acid beverages or the hard cundy solation, a partial in-
hibition of enanel dissolution was found. The phosphate seemed to be effective
when it was added to the sucrose or nonsaerose-contanling acid beverages,
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The collective results of the influence of PBOD mix on the incidence of caries
in the rut indicate that this preparation is earingenie. In these three studies, the
provision of this produet resulted in inereases in the incidence of caries of 43.2,
92.1, and 19.5%, respeetively. In cach instance, the increasce in the incidence of
carics was significant. These findings confirin those of Brunel ¢t al, (14) in which
i different acid-containing beverage (cider) was found to be caridgenic in the
rat.

The experimental caries findings further indieate that the latter preparation
i significantly more cariogenie than unsweetened orange juice (Tuble 6), and that
the addition of phosphate to this beverage resulted in a significant deerease in
the caringenie properties of the beverage. The addition of phosphate in studies
38 and 3C resulted in reduetions of the eatiogenicity of PBOD mix of 54.5 and
28.3 9%, respeetively. Perhaps even more significant is the finding that the addition
of phosplinte negated completely the eariogenic properties of the beverage. In
both instanees, nwerically (bhus not significantly) lower earies scores were found
in rats given the phosphate-cnrichied preparation than in those provided with
distiled water.

CONCLUSIONS

A series of in vitro and in vivo studies was condueted (o determine if earboxylic
acid-coutaining heverages affected en:anel dissolution, crosion, and espeaimental
dental esries, and to determine if the addition of phosphate inffuenced these
svstems benelicially. The results of these studies suggest that these beverages
cause the dissnlntion of enamel and produce erosion in rat molars. The deleterious
potential of these beverages seenied to be present, regardless of the presence or
absence of suerose. The addition of phosphate reduced the magnitnde of the
damage to enamel. The {indings with regard to experimental earies indicate that
the eariogenic properties of a typical acid-contsining beverage can be negated
completely hy the addition of phosphate.
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