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CHAPTER I
SUMMARY AND CONCLUSIONS

INTRODUCTION

[t is the purpbse of this initial chapter to present a brief over-
view of UAREP's validation studies of Searle projects with the principal
conclusions. As studies may interrelate, an attempt will be made to
draw correlative conclusions.

The general background and UAREP's approach to these authentication
studies is presented in Chapter II. From nearly 100 studies which
Searle has presented to the Food and Drug Administration to justify its
application to market its artificial sweetener, aspartame, 12 were
selected by the FDA and other parties for UAREP's review. There were
five major studies of long-term toxicity effects involving the dog
(Chapter 1II), rats (Chapters IV and V), and mice (Chapters VI and VII).
Two special heuropathology studies (Chapters VIII and IX) reviewed the
brain sections from the studies described in Chapters III, IV, and V.
The balance of the UAREP report comprises smaller studies involving the
effects of aspartame in newborn rats (Chapter X); a two-generation
reproductive study in the rat (Chapter XI); a series of screening tests
for endocrinological and physiological responses (Chapter XII); a minor
report covering a few inconsequential observations on pregnant monkeys
(Chapter XIII); and a major study of the effects of aspartame and its

metabolites in embryogenesis and teratogenesis in rabbits (Chapter XIV).
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UAREP did not participate in the selection of these studies. UAREP
undertook this authentication without any prior bias regarding the
studies, and adequafe precautions were continued throughout its work to
maintain independence from the views of any of the interested parties
relative to the proposed use of aspartame. Both Searle and FDA re-
quested that UAREP refrain from commenting on experiment design, or the
safety of aspartame for human consumption. Any UAREP interpretation of
results applies only to the experiments as designed. UAREP has addressed
itself to the question of whether the experiments were carried out
according to protocol plans and the accuracy and reliability with which
the experiments were performed and reported to the FDA. We have, at

times, commentpd on the interpretation of the significance of the data.

RESUME OF SEARLE STUDIES

In fhe following 12 sections, UAREP's conclusions regarding the
various Searle studies will be summarized. Some attempt will be made to
quantitate not only the number, but the magnitude and significance of
discrepancies and problems noted. They will be presented according to

the chapter numbering in this report, beginning with Chapter III.



E-28 (Chapter III) - 106 Week Oral Toxicity Study in the Dog

Forty Beagles, five animals of each sex per treatment group, vere
fed aspartame daily in three different dosages. Seven hematology, ten
clinical chemistry, and eight urinalysis parameters were measured period-
ically throughout the experiment. An additional ten chemical constituents
were determined at 78 and/or 106 weeks.

A1l of the dogs were killed at 106 weeks, and complete autopsies
and histopathologic examinations performed. There was reasonably good
agreement between the results of UAREP's and Searle's histopathologic
examinations as well as the results of the clinical chemical, body

weight, and food consumption determinations.
Protocols - The experiment was well documented in protocols and memos.
The basic design was established before the study began. However, a

number of important assays were added at later stages.

Body Weight and Food Consumption - The amount of compound consumed was

somewhat variable, but never was more than 6% from the desired dose.
Food consumption in the treatment groups tended to be quite erratic

in the early weeks of the study. There were statistically significant

differences between some of the treatment groups and the controls when

total food consumption for weeks 1-10 was compared.
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Body weights were recorded periodically. The mean weights in the
high dose groups were larger at the beginning of the study than those of
the control groups. The high dose groups gained less weight dufing the
first 26 weeks of the study. The high dose female group's weight gain
was significantly less than that of the control females as well as the
TJow and medium dose females.

Randomization was done rather haphazardly as evidenced by the
occurrence of 2-3 littermates in several of the groups, as well as
the significantly higher body weights in the high dose groups at the

start of the study.

Clinical Laboratory Studies - UAREP's statistical evaluation showed

fewer significant differences between treatment and control groups than
were reported by Searle. .

The raw data for the first four intervals showed that a correction
had not been made in the leukocyte counts over 10,000 or in the erythro-
cyte counts. Although the correction does change the data to some
extent it would not alter the results as reported to Searle.

Red cells were reported in significant numbers in urinary sediments
at two intervals. They were numerous enough to cause bloody urine in
these animals. Since there are no records of bloody urines or urinary

tract disease, UAREP questions the validity of the data.

Necropsy and Histopathology - UAREP's review of the histopathology

slides showed only two significant discrepancies in the diagnoses.
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Chapters IV (E-33,34), V (E-70), VI (E-75), and VII (E-76)

For correlative purposes, these four experiments carried out for

Searle by Hazleton will be discussed together. They share the objective

of testing the effects of aspartame (E-33,34; E-70; E-75) or its conversion

product, diketopiperazine, DKP (E-76) in life-time toxicity studies. E-
33,34 inVolves 440 rats in five groups with the highest dosage being 8
gm/kg body weight per day. E-70 involved 280 rats in control and two
treatment groups. E-75 and E-76 were very similar with the exception
that E-76 provided three graded dosages of DKP whefeas E-75 again eval-
uated aspartame. They each utilized 360 mice. The duration of the four

experiments ranged from 103 to 108 weeks.

Protocols - A series of Searle protocois and amendments and Hazleton
Project Sheets gave the specifications of each experiment. All four
experiments involved numerous changes in parameters to be examined and
intervals for testing. Although the results seem to indicate that the
experiments were planned in detail and modified while in progress due to
earlier findings or other information, UAREP found it difficult to
reconstruct and document the progression of the changes of the experi-
ment on the basis of a series of parallel-amendments or written memor-
anda in the files of both Searle and Hazleton. This task was compli-
cated by the fact that written instructions requested that all earlier
versions of protocols be destroyed as they were updated. Apparentiy,
some changes in protocol design were discussed over the telephone by
Searle and Hazleton staff and, at times, there was a significant lapse

of time after the change in the experiment was instituted before
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written documentation appeared in the files of both Searle and Hazleton.
Thus, the UAREP authentication shows a delay in documenting protocol
change. For example, in E-33,34, it appeared that the experiment had

been in progress a number of months before Hazleton's project sheets
recognized the correct number of experimental animal groups. In addition,
it seemed that the experiment was within a month of termination before
Hazleton incorporated sheets from the Searle protocol to portray correctly
the procedures to be ﬁarried out at necropsy. In E-70, the earliest
Searle protocol available to UAREP was dated less than a week before the
initiation of the termination of the experiments. Obviously, Searie and
Hazleton did not carry out their protocol documentation with full recog-
nition that the most minute changes in steps and procedures would be
audited in detail eight years subsequently. Although E-75 and E-76,

which were carried out by Hazleton several years later, also involved a
considerable number of changes 1h the experiment plans as the work
progressed, the protocol changes were somewhat easier to follow. The
initial protocols for the clinical chemistry determinations on the mice

in E-75 and E-76 listed numerous parameters to be determined serially
during the experiment. The protocol suggested these tests be performed

subject to the identification of suitable micromethods. Because re-

liable methods were not readily available, only a few clinical chemical

determinations were done at termination of the experiment.

Statistical Procedures: Both Searle and Hazleton protocols tended to be
vague as to the statistical methods to be employed. Whereas the pretocols

were more or less lacking in details, the Entry Books were documented
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with impressive lists of names and references which, on occasion, in-
cluded entire statistics books as the source for a particular method
employed. UAREP particularly encountered problems in the application of
a comparable life table analysis technique in which our results closely
matched those of Hazleton at earlier intervals, but did not agree well
at the final and important terminal periods. UAREP attempted to dupli-
cate the methods employed by Hazleton and, on occasion, to add other
especially suitable methods for comparative purposes. In general,
inasmuch as UAREP comparisons produced less statistically significant
differences than Hazleton, especially when using more critical methods,
there was no evidence that Hazleton or Searle's biometricians were

introducing bias to favor Searle.

Clinical Observations - There was generally close agreement in UAREP's
validation of the clinical observations repsrted by Hazleton in these
four experiments. This in part relates to the fact that halfway through
experiment £-33,34, Hazleton switched to an INTEC computerized system
for storage and retrieval of data‘on clinical observations, body weight,
and food consumption and exceptions. Thus, for a number of parameters,
a computer printout was the earliest raw data available to UAREP. The
automation of handling data obviously reduces the opportunity for cer-

tain types of human error.

Body Weight, Food, and Compound Consumption - These four experiments

appear to illustrate the tendency for higher consumption rates of

aspartame and DKP to reduce the food consumption and body weight. It
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was not always possible to demonstrate this tendency by statistical
analysis of the figures. On the basis of the data available, there

was little opportunity for, and no significant evidence of, UAREP's
disagreement with the HLA handling of body weight and food consumption
data. UAREP's analysis of the compound consumption agreed reasonably
well with Hazleton's. At times our calculation of consumption for a
group for one interval would differ from Hazleton's, but over the course
of the total experiment, our calculations for total compound consumption

were in very close agreement.

Survival Data - Although UAREP generally agreed with Hazleton regarding

the absence of statistically significant differences in survival of the
varidhs groups of animals, UAREP did not derive precisely the same
values for percentage survival at many of the terminal periods. There
were other problems in the handling of the survival data. In E-33,34,
HLA sacrificed the high dose group of female rats at 102 weeks, whereas
all other groups were sacrificed at 104 weeks. Not only did the earlier
sacrifice contribute to shorter survival, but HLA omitted the ten sur-
vivors at 102 weeks in their computation of mean survival time. Hence
they reported 423 days mean survival instead of 602 days. The unusual
situation also existed in this experiment, in which the females re-
ceiving large amounts of aspartame had significantly shorter survival,
whereas the males receiving large amounts of aspartame had longer
survival. This did not exist in the other aspartame experiments re-

viewed by UAREP. Some of the discrepancy in survival data in E-76 could
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relate to.the fact that HLA did not correct their data in their experi-
mental groups for two animals whose sex was misinterpreted at the
initiation of the experiments and not clarified until they were sacri-
ficed. In E-75, the Entry Book reported six of the eight groups having
mean survival times over 690 days. Since there was high mortality in
many of the groups during the 720 day duration of the experiment, UAREP

is unable to account for the HLA figures.

Clinical Laboratory Studies - E-33,34 and E-70 had sequential measure-

ment of 5-6 hematologic, 15-17 clinical chemistry, and 7 urinalysis
parameters with many of these being done at four to five intervals
during the experiment. Both utilized groups of five rats. As animals
were lost to the hematology studies, the next animal in sequence was
added to the group of five. This meant that many of the rats sampled
for chemistry at oee period were subsequently sampled for hematology
specimens. Although in theory it was planred to sample the same animal
during the experiment, in actuality in some instances, it took 50
different rats over the course of the experiment to obtain the ten
samples per interval measured; and in some groups, none of the rats
initially sampled were resampied at the terminal interval.

E-75 and E-76 both measured five hematologic parameters at seven
intervals on groups of six mice. In addition they both measured BUN,
SGPT, Alkaline Phosphatase, and L-phenylalanine at the terminal interval

with the additional measurement of serum insulin for E-75.

Hematology: Measurements of hematologic parameters in rodents frequently

show not only biologic variation but further variability for technical
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reasons which are not always easily ascertained. Thus, as one might
expect, considerable variability within and between groups of mice or
rats was noted. In these four experiments, transcriptional and com-
putational discrepancies were very infrequent and altered individual
figures by less than 1%. There was generally close agreement between.
Hazleton and UAREP when they applied the t-test to the same parameters.
The largest number of discrepancies were encountered in E-75 when UAREP

confirmed only 23 of HLA's 34 significant t-tests.

Clinical Chemistry: At the time these experiments were in progress,
considerable variation in blood chemistries on the small volumes avail-
able from rats and mice occurred not infrequently. Such was the case in
these experiments. In both clinical chemistries and hematologies there
was a §cattering of statistically significant differences in various
parameters and among the various groups. UAREP agreed with Hazleton's
interpretation that, under the conditions of these experiments, these
differences were neither dose nor compound related. Not only were there
problems in obtaining adequate amounts of blood to run all of the
biochemistries, but this problem was so severe in some of the serum
determinations on mice, that values were only obtained for one, two, or
three animals per group, which would make significant comparisons
impractical.

In the protocol, the measurement of serum L-phenylalanine was
indicated as a monitor for the absorption of aspartame, since it is one

of the main metabolites. L-phenylalanine was measured only at the
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terminal interval so there was no opportunity for earlier comparative
measurements. The fact that it was not reported to be increased in the
high dose, aspartame fed rodents was not discussed in the Entry Books.

In E-75, the number of samples in the groups was especially small, but
UAREP was able to combine the results for males and females and show a
statistically significant increase in the values for serum L-phenylalanine

in the high dose mice.

Urinalysis: Seven parameters were measured for urinalysis at intervals
during the experiment in rats. In mice, because of the scant amount of
urine, it was obtained for study only terminally from the urinary
bladder. Because of the type of urine measurements, data were not
suitable for statisfica] analysis. In these experiments, there appeared
to be no significant consistent changes in the urine of rats or mice
eating aspartame or DKP. The only problem noted was an occasional
transcriptional discrepancy from the earliest raw data to that reported

in the Entry Book.

Ophthalmoscopic Observatibns - Although a number of the old rats and

mice had a moderate incidence of lenticular opacities, there was no
significant predilection for such changes in any of the treatment
groups. There were no problems in validating these data except for an
occasional transcriptional discrepancy. It was customary for Hazleton
to replace mice or rats within the first four weeks of the experiment
and assign them the number of the animal replaced. Such changes were

not noted in the Entry reports. Two mice were replaced because of
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cataracts in the fourth week of experiment E-76, although it was stated

that all animals examined were normal.

Necropsy Studies - The plans for necropsies called for a complete

examination with preservation of many tissues- for potential histopath-
ologic study. The necropsies were done by laboratory staff who were
said to be experienced and to be under the supervision of a pathologist.
Over the course of the experiments, it was necessary to:use more than
one person to perform necropsies being done throughout the week and on
week-ends and holidays. Hazleton used a prosector and a recorder, both
of whom initialed the necropsy sheets. It was evident that a consid-
erable number of people participated in the necropsies which could
contribute to variability. On the basis of the information available to
UAREP, it appeared that the necropsy records were reasonably good.
UAREP's validation of the transcription of organ weights and organ to
body weight ratios, as well as the computation of means and statistical

significance, generally showed good agreement with Hazleton's figures.

Histopathology - UAREP felt that the validation of the diagnoses on the

35,000 tissue sections for these four experiments, was an important,
major undertaking; The initial diagnoses were made by pathologists
experienced in the diseases of the species involved. They had copies of
the necropsy sheets, but nct of the diagnoses made by Experimental
Pathology Laboratories (EPL) with whom Hazleton subcontracted. Lesions

were graded in the same manner as done by EPL. An attempt was made
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to use terminology which could be equated to that used by EPL and to
de-emphasize certain minor or inconsequential lesions in which one
might expect substantial variation from one pathologist to another, as
to whether or not they chose to record their diagnosis. Special atten-
tion was devoted to the recording of the diagnoses of all malignant and
benign tumors as well as proliferative lesions which may be suspected of
progression to neoplasia. Considering the large number of tissue
sections and the numerous diagnoses which may be applicable to some
organs, UAREP felt that there was good correlation between their diag-
noses and those of EPL. As expected, some discrepancies did exist.
More than 99% of the slides diagnosed by EPL were available for UAREP
review. The discrepancies in diagnosis and the occasional missing
slides had no predilection for any of the animal groups, or organ systems.
In computations of tumor incidence, following the application of
comparable methods of 1ife table analysis, UAREP encountered difficulty
similar to that found in the survival data in obtaining precisely the
same results at the terminal intervals. Of the increased incidence of
tumors observed, UAREP agreed with HLA that the control mice in E-76 had
a higher incidence of benign tumors than in low dose DKP treated mice.
Of the 12 increased incidences of tumors reported by Hazleton in these
four experiments, this was the only one confirmed by UAREP. It is a
remarkable coincidence that the higher tumor incidence was either in
controls or in animals receiving less aspartame or DKP. Certainly there
was no evidence that either aspartame or DKP enhanced the production of

tumors in these experiments.
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In E-33,34 and E-75, a summary comparison of diagnoses of non-
neoplastic diseases was made. There was good agreement between EPL and
UAREP.

On one segment of E-33,34, UAREP undertook a detailed time con-
suming_ana]ysis of serial correlation of clinical observations as
compared with gross findings reported on the necropsy sheets and histo-
pathologic diagneses. This showed reasonably good correlation and UAREP
recognized that sdme failure to correlate could be expected to occur
without necessarily reflecting on the accuracy of observing and record-
ing by employees of Hazleton or EPL. UAREP's review of the precision
with which Hazleton and EPL staff followed the specifications of the
protocol for necropsy procedures and sectioning of tissues indicated
that this was generally well done.

The problem of animal tissues not being available for histopath~
ologic examination seemed to be more evident in the mouse studies,thén
in the rat or dog histopathologic studies. Six of eight groups in E-75
had 10 to 27% of the mice without tissues available for nhistopathologic
examination. In E-76, there were 24 animals whose tissues were not
available, eifher because the animals were recorded as missing during
the experiment, or éuto]ysis was considered too advanced to warrant
preparing sections for histopathologic examination. Such situations are
at times, difficult to control although one prefers to avoid them when-
ever possible. UAREP has no reason to feel that the loss of these
animals which were scattered through all the groups, would significantly

change the results of histopathologic examination.
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£-86 (Chapter VIII) - A Supplemental Study of Dog Brains from a 106-Week

Oral Toxicity Study and E-87 (Chapter IX) - A Supplemental Study of Rat

Brains from Two Tumorigenicity Studies

Because of the possibility that there might be an increased inci-
dence of brain tumors in dogs in studies E-28 and in rats in E-33,34
and E-70, additional sections of brains were cut and reviewed by Searle's
neuropathology consditant, Dr. J. R. M. Innes. UAREP convened a panel
of neuropathology experts to review the neuropathology materié]s for
these two studies.

On E-86, UAREP's expert panel agreed completely with Dr. Innes
that there were no brain tumors present in the dog sections examined,
nor other significant pathologic lesions relating to the treatmeﬁt
received. The»presence of certain normal structures in Fhe dog which
might be confused with neoplasms were discussed by both Dr. Innes and
the UAREP panel. UAREP's review of the neuropatho]og; slides on the
rat brains from E-33,34 and E-70, generally agreed well with that of
Dr. Innes. The 20 brain tumors diagnosed showed no statistically
significant increase in any group when the tumors for the two experiments

were combined.

E-9 (Chapter X) Toxicological Evaluation of Aspartame in_the Negnatal Rat

Groups of five male and five female newborn rats were sacrificed at
5, 15, and 21 days with analysis of five hematologic parameters and six
chemical tests. Although data was variable, the white blood cell counts
were statistically significantly depressed in the treatment groubs.

Although white blood counts were corrected for nucleated blood cells on
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the laboratory sheets, the uncorrected figures were used in the Entry Report.

This did not significantly affect the outcome of the statistical analysis.
UAREP lacks information to evaluate the exposure of these newborn

rats to aspartame. We presume the mother's milk at most, could only

contain the split peptides, L-phenylalanine and L-aspartic acid and that

the baby rats might well not start to eat the aspartame diet until

approximately two weeks of age. UAREP agreed with the EPL histopath-

ologic diagnosis of nuclear changes in renal tubular cells in the 15 and

21 day old rats, which apparently related to aspartame exposure.

E-11 (Chapter XI) Two Generation Reproduction Study in Rats

This study was designed to characterize the effects of aspartame in
the reproductive performance of the same strain of rats as used in other
HLA-Searle experiments. UAREP's validation agreed with the findings in
the E-11 report. UAREP noted that the comsumption of aspartame was from
25 to 38% lower than planned at certain stages of the experiment.
Otherwise, fewer discrepancies or problems were noted in this than in

most of the other reports reviewed by UAREP.

E-19 (Chapter XII) - A Sweetening Agent: Endocrine Studies

This report covers a battery of screening tests (seven hormone
related tests and six physiologic response tests) which were used
routinely by éear]e for compound clinical testing. Some of these
routine tests appeared to be carried out with less precision or docu-

mentation than some might desire. Protocol design is not always clearly
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indicated and some data were collected over a wide range of time.with
variable numbers of animals and substantial variation in data results.
UAREP encountered some difficulty in reconstructing and interpreting the

results of these routine tests.

E-88 (Chapter XIII) - Experiments in Mated and Pregnant Rhesus Monkeys;

A Compilation of Available Fragmentary Data

This fragmentary, incomplete material was gathered from the labora-
tory of Dr. Harry Waisman, University of Wisconsin, after his death and
submitted to FDA by Searle in their "effort to make availabie all tech-
nical information regarding aspartame. . . whether scientifically mean-
ingful or not." Searle informed the FDA-that the E-88 report was based
on fragmentary data developed by Dr. Waisman independently of Searle and
without Searle's involvement in the design of the study.

UAREP felt that this report was without design, inconsequential,
and based on woefully inadequate and é;nfusing data from an inadequate

number of animals.

E-90 (Chapter XIV) - An Evaluation of the Embryotoxic and Teratogenic

Potential of Aspartame in the Rabbit

These experiments, involving 300 female rabbits, studied the effects
of administering by gavage, aspartame and its metabolites, L-phenylalanine
and L-aspartic acid, during fetal organogenesis in pregnant rabbits.

The dosage level of administration of the dipeptides was intended to be,

but was not, equivalent to that recorded by the highest aspartame dose
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group. Without prior knowledge of Searle findings, a UAREP teratologist
authenticated the findings in the skeletal system of the cleared, whole
fetuses. Seven of the 10 discrepancies UAREP found were minor malfor-
mations occurring in fetuses which were previously reported by Searle to
have other malformations. Although it was not possible to examine the
fetal body cross-sections because of their altered condition, UAREP felt
that its validation of the skeletal specimens was adequate indication of
the accuracy and significance of Searle findings.

A number of discrepancies in recording and/or reporting data on
food consumption and some discrepancies in transcription of body weights
were noted by UAREP. UAREP's analysis of statistical significance of
food consumption agreed with.Searle's in 76% of the comparisons. There
was complete agreemeht by UAREP in the statistical evaluation of body

weight data.
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GENERAL DISCUSSION

Problems and Limitations in Validation Study

Although Searle and Hazleton turned over voluminous data, including
the original raw data records, there were many instances in which the
earliest recorded data were not available. For many types of data from
Hazleton Laboratories, the earliest available information was a computer
print-out. There were other instances in which data from the animal
quarters or laboratory were presented in what appeared to be summary
sheets in the same handwriting, although the data may have been col-
lected over weeks or monfhs. Much of our modern automatic chemical
analyzing equipment prints out data on voluminous charts. It is cus-
tomary to copy the pertinent parts of these data and discard the charts.
A1l that UAREP could do was to check the earliest data made available to

it with the data in the Entry Books.

Standards of Comparison

Laboratory methods for evaluation of the long-term effects of chem-
icals have been rapidly evolved over the past ten years, along with the
deyelopment of standards for laboratory practice. At the time the
Searle studies were performed there were few promulgated standards for
this type of laboratory work; UAREP performed a meticulous validation
of 12 Searle studies using methods of analysis and interpretation

common to research laboratories circa 1969 to 1973. We have therefore
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used this for a basis for all conclusions presented in this report. In
the future, it is possible that standards for performing studies of the

type that UAREP performed here will also be developed and promulgated.

Changes in Personnel, Facilities, and Methods with Elapsed Time

There have been many changes in personnel, facilities, and labora-

tory technology since these experiments were done. The great majority

of the staff that carried out these studies is no longer employed by Searle

or Hazleton. The scientific personnel with whom UAREP talked durinc
visits to their laboratories, exhibited good knowledge of their work and

responsibilities.

Animals and Animal Care

In biologic experiments such as those under review, the quality of
the animals employed.and the care which they receive is of critical
importance to good research. The animals used in these experiments were
obtained from standard commercial sources and are therefore presumed
comparable to those generally in use at the time of the experiments.

The animal care areas have been remodeled at both Searle and Hazleton in
accordance with the recent trend toward progressive improvement. This
makes it difficult to presently judge what the precise conditions were
then. The American Association for Accreditation of Laboratory Animal
Care carries out the most thorough and critical nation-wide evaluation
of animal care facilities. The fact that both Searle and Hazleton had
such accreditation while performing these experiments would indicate

that their facilities were far above the average and would be considered
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quite adequate for that time. Currently accepted quarantine procedures

for laboratory animals were less frequently practiced with equivaient

care ten years ago. The separation and holding of animals for only six or

seven days to observe their general health before placing them on

experiment, or the combining of rodents from more than one experiment in

‘the same room, were not uncommon ten years aga. Neither of these

might be considered desirable by today's standards.

The randomization of animals being placed on an experiment can be
an important part of experiment design. Hazleton used a randomization
by weight method, which although not explained in the Entry Books, was
recounted during personal visitation, and would appear to be quite
acceptable. The randomization of dogs by Searle in E-28 was poor since
there was some concentration of litter-mates and dogs of comparable

weight in the same experimental group.

Protocols

The standards regarding protocols have varied not only with time,
but with different segments of the scientific population, such as the
regulated pharmaceutical industry. The earlier Searle protocols such as
the one for E-28, would not serve as a model by today's standards. As
mentioned earlier, possibly because all prior copies of documents were
not preserved, on several aoccasions, UAREP was only able to identify a
fully documented protocol just before the termination of the experiment.
In other words, some of the protocols appeared to serve more as a record

of what had been done than of what was to be done. Nevertheless, the
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scientists seemed to know what they were doing, because the experiments
carried out reflected the procedures subsequently revealed in the
protocol. Presumably because such business was transacted by telephone,
and written memoranda documenting such protocol changes were not avail-
able, in the larger, more complicated experiments in which there were
numerous changes in experiment design, one was generally rot able to
document each and every change that was made in the files of both Searle

and their subcontractor, Hazleton.

Data Production, Handling and Storage

UAREP's assessment of the accuracy of data handling produced a very
small incidence of transcriptional discrepancies. UAREP failed to agree
with Searle and Hazleton on less than 1% of the computations and in most
instances the differences were small in magnitude.

As explained in Chapter II, UAREP fully recognizes the existence of
a humber of widely accepted methods of rounding numbers and makes no
pretense -that its choice is necessarily the correct one. Although in
terms of interpreting the final results, it generally makes no difference
whether one uses only one method or any combination of methods, UAREP
feels that it is generally better to use one method throughout an
experiment. This was usually, but not always, done in the experiments
of Searle and Hazleton. .

Among the infrequent examples of problems in Searle's data were the

failure to apply the correction for the high hematologic readings made
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with the Coulter Counter in some parts of E-28. Also, in experiment E-9
Hazleton personnel copied the uncorrected leukocyte counts from the

data sheets rather than the figures corrected for nucleated red bleod
cells. In one instance, computing mean survival time, Hazleton over-
looked including 10 animals in the group that lived to the time of

sacrifice.

Statistical Analyses

The problems relating to statistica]-analysis have already been
discussed as they pertain to E-33,34, £-70, E-75, and £-76. UAREP's
study and use of not only the t-test as employed by Searle and Hazleton,
but Analysis of Variance in conjunction with the Newman-Keuls and Least
Significant Difference evaluations, showed that various statistical
methods operating in somewhat different manners can give quite different
interpretation of statistically significant differences. VWe repeatedly
saw that the Newman-Keuls Q test was more critical than either the LSD
or t-test and showed less frequent statistically significant differences.
Although the write-up in the various Entry Books is generally quite .
clear as to whether the authors regarded results as being statistically
significahtly different, the specific details as to the methods employed

to arrive at this conclusion, were, in UAREP's opinion, often vague.

Histopathologic Findings

UAREP felt that in some respects the review of the histopathologic
slides provided a better basis for validation than for some numerical

data, as for example, where the earliest available information was the
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computer printout. For the histopathologic slides, the full information
on which the original pathologist based his diagnosis was still avail-
able. Not only was the agreement in diagnoses generally good in the
four larger studies in which EPL made the original diagnosis, but there
was also good agreement in the smaller study in E-3. Inasmuch as EPL
employed a system of grading the severity of lesions, there was a much
better basis for comparing diagnosis than in the E-28 dog study with the
initial microscopic diagnosis by Microscopy for Biologic Research. |
Here, the lesions were only indicated as present or absent. Although
there were only two outright discrepancies in diagnosis of the slides in
E-28, there were many instances in which MBR indicated a diagnosis in
which the UAREP pathologist described the presence of the cells con-
stituting the background for the MBR diagnoses, but did not personally
feel that the degree of change was sufficient for the diagnoses to be
made.

Autolysis of tissues was certainly present in both the rat and
mouse slides from HLA. UAREP pathologists did not feel that it was
sufficiently severe to materially interfere with making diagnoses on all
but a few slides.

The two mouse experiments both had a higher incidence of animals
whose tissues were not available for histopathologic examination than
one might desire. The absences were caused by both animals that were
missing during the course of the experiment and animals that were consi-
dered too autolyzed to cut sections, even though the carcass and organs

were preserved. Although this involved more animals than one would
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desire in these two experiments, it was UAREP's opinion that the absence
of these relatively few animals did not produce a bias in their inter-
pretation of results.

Some UAREP scientists expressed concern that the incidence of up to
50 to 85% tumors in some of the groups of old rodents sacrificed at
termination of the experiment, might give such a high background of
tumors that it would make it difficult to recognize a mild carcinogenic
action. On the basis of a National Research Council Conference, the
experiments in question were modified to extend the experiments until
only 25% animals survived in one of the control groups. The life table
method of analysis attempts to consider the actual time of production of
a tumor, rather than only determining the number of tumors of a giyen
type present at the time the animal died or was sacrificed. This cor-
rection is certainly better than none, although the fact is'that the
great majority of internal tumors in rats and mice are not recognized

until the time of death.

Teratologic Observations

The teratologic studies are another example in which original data
can be preserved for subsequent examination and evaluation. On those
cleared specimens evaluated by UAREP, there was generally close agree-

ment between the original Searle findings and those of UAREP.
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Factors Producing Spurious Results

There was obviously considerable variation in the results within
and between groups when measuring variability and statistical differences.
In small rodents, some tests are difficult to carry out with the usual
precision.. When applying a test of statistical significance at the 5%
level, to 100 comparisons, one would expect that an average of five
comparisons would appear to be significantly different, when in actuality,
they were not. In many parts of these experiments, there were spurious
statistically significant differences that were not related to biologic
response to treatment. Many of the old animals were obviously in poor
health and had tumors or advanced renal or liver disease. When UAREP
compared the mean values for hematology and clinical chemistry deter-
minations in two groups of control mice (E-75, E-76), thchlwefe ob-
tained from the same source, maintained under similar circumstances on
experiments beginning within a few weeks of each other, there were
substantially more statistically significant differences than one would
expect at the 5% level. In all such situations, UAREP lacked infor-
mation on which to determine the relative role of biologic variation in
animals; variation in obtaining, transporting, storing, and analyzing
for constituents; and sample size, experiment design, or other factors.
From their own experience, some UAREP scientists feel that variability
in technique and inherent problems of handling small samples from

rodents contributed to getting less uniform results.
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Magnitude and Consequence of Discrepancies Observed

In each of the following chapters, UAREP has assessed the accuracy
and reliability of these Searle studies without comment on experiment

design. Although a substantial number of minor and inconsequential

" discrepancies were noted in UAREP's validation studies, there were few,

.if any, discrepancies which would produce a change of greater than 5% in

the final numerical data being compared. UAREP is unaware of other
authentication reviews carried out in comparable scope and detail.
Therefore, since established guidelines do not exist, UAREP leaves it to
each reader to apply his own criteria as to the importance of the degree

of precision and consistency in carrying out experiments.

Possible Intent to Mislead or Deceive

UAREP did not find evidence that, given the experiment design,
there was any indication that aniﬁa]s in any one group had been treated
deliberately to produce biased results. The discrepancies we observed
appeared randomly distributed between treated and control groups of |

animals.
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CHAPTER II
GENERAL INTRODUCTION

Background on aspartame and Searle

More than fifteen years ago, scientists at Searle Laboratories, a
division of G. D. Searle and Co., accidentally discovered aspartame as a
sweetening agent. Thejr petition to the Food and Drug Administration
(FDA) to market aspartame as an artificial sweetening agent was pro-
visionally approved, but approval was withdrawn by the FDA before it was
marketed. This action was stimulated by statements from Dr. John W.
Qlney and Mr. James S. Turner and by questions réised by the FDA re-
garding some of the laboratory practices employed by Searle. The FDA |
carried out two on-site evaluations of the laboratory practices at

Searle and some of its subcontractors, and it requested that Searle have

‘a mutually satisfactory third party do a detailed, in-depth authen-

tication of 12 selected aspartame studies which had been submitted by
Searle to FDA. Thése 12 studies were selected because either the FDA
or Olney and Turney felt that they had some inherent problems, and they
are not necessarily representative of other Searle studies. Univer-
sities Associated for Research and Education in Pathology, Inc. (UAREP)
was selected by the FDA and Searle for this task. Since Searle, rather
than the FDA was responsible for paying the cost of the study, they con-
tracted with UAREP under terms generally agreeable to FDA on August 19,
1977. (See Appendix II-1 and II-2.)
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Aspartame is a nutritivé artificial sweetening agent that has
organoleptically about 180 times the sweetness of sugar. In the meta-
bolism of this dipeptide, extensive degradation of the compound may
occur after it enters the digestive tract. Although little change would
be expected in the stomach, in the small intestine chymotrypsin would be
expected to hydrolyze the methyl group to methanol and the peptide
hydrolases of the microvillar membrane would cleave the dipeptide to its
constituent am%no acids L-aspartic acid (41%) and L-phenylalanine (55%).
(5,6) Methanol is converted primarily to C0,. Aspartic acid is con-
verted in the monkey intestine to CO2 and is incorporated in protein and
enters into purine and pyrimadine biosynthesis. Phenylalanine is meta-
bolized differently so that the amino acid is incorporated directly into
body protein to a great extent or metabolized to CO2 and only 20 to 25%
of the phenylalanine is excreted.

intestinal

eterases Asp-Phe + MeQH

1. Asp-Phe-Me

one-carbon

ta} MeOH metabolic pool

CO, + formyl metabolites

mucosal

dipepticases tree Asp + Phe

2, Asp~Phe

transaminase TCA cycle
fa) Agg =™ oxaloacstata ——— > CO, + body constituents

N tANA . Lo .
incorporation into protein

phenyilalanine R oxidative metabolism

{b) Phe hydroxylase Tyr and TCA cycle > €O, + body constituents
\ tryosine hydroxylase .
and other enzymes > catechoiamines
tANA N

incorporation into proteins

Aspartame Metabolic Pathways (6)
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Searle compound 19192 is a dikétopiperazine (DKP) which is formed

as an’ in vitro conversion product of aspartame under certain conditions.

The formulae and synonyms for these two compounds are:

ta
.

aspartame
H 0
1. S5C-18862 , - CHy - CH - NG - cn - NH,
: ~0CH; éﬁfﬁ -0H
0 0

2. APM
3. Protid
4. aspartyl phenylalanine
5. L-aspartyl-L-phenylalanine CiuHygNyOg

methyl ester MW 294.30
6. 3-amino-N-(@-carboxy phenethyl)

succinamic acid methyl ester
diketopiperazine of aspartame H

N

) /’)‘\\ ,0
1. SC-19192 CH; - CH C
2. DKP ' l 0
3. diketopiperazine ‘V \\\ ,//J CHgLO H
4. 5 - benzyl - 3,6 - dioxo H

- 2 - piperazineacetic acid

Ci3Hiula0y
MW 262.258
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Aspartame was the compound being evaluated in 11 of the 12 Entry
studies submitted by Searle to the FDA (Appendix II-3). DKP and aspar-
tame were both evaluated in E-]Q,.and DKP alone was tested in E-76. In
E-9Q, in addition to aspartame, the dietary amino acids, L-phenylalanine
and L-aspartic acid which are the principle cénstituents of aspartame,
were also tested. A1l Searle preparations of aspartame evaluated

contain small amounts of diketopiperazine, generally less than 2%.

Universities Associated for Research and Education in Pathology (UAREP) -

was established in 1966 as a consortium of universities for the purpose
of promoting research and educatioh in pathology. It has served as a
focus for projects between governmental and private agencies, as well

as among institutions in the private sector. It has sponsored a variety
of conferences on pertinent-research and education projects, sponsored
research projects, and published articles, monographs, books, and
atlases. The nine universities which are members of the consortium,

as well as a list of the directors and officers, are shown in Appendix
II-4. UAREP has its offices on the campus of the Federation of American
Societies for Experimental Biology, 9650 Rockville Pike, Bethesda,
Maryland 20014.

The UAREP directcrs became interested in this data validation study
because they felt it represented both an opportunity to serve the public
and to gain insight into the problems of pharmaceutical firms and federal
regulatory agencies, a situation which UAREP hopefully might help to

improve.
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UAéEP-Searie-FDA Relationships - UAREP applied its knowledge and skills

without bias toward any of the main interested parties, such as G. D.
Searle and Company, the Food and Drug Administration, or any party to
the proposed Board of fnquiry including James S. Turner and Dr. John
W. Olney. UAREP staff maintained, as requested, a log of all contacts
with these parties. UAREP named Dr. Robert E. Stowell as a P}incipaT
Investigator for its studies. The principal contacts for Searle
Laboratories were Dr. Robert Bost and Dr. Fred Mcllreath; and for the
FDA the contact was Mr. Taylor Quinn. In order to avoid the potential
for any unwarranted criticism that communication from Searle or FDA
would in any way alter the nature or the scope of the final report,

on August 21, 1978, Dr. Endicott was named to replace Dr. Stowell as
UAREP's liaison contact person with Searle and the FDA during the terminal
phases of report‘prepération.

The contract between Searle and UAREP further provided that "Per-
sons employed or otherwise engaged for pay with UAREP to perform authen-
tication and review functions contemplated by this contract shall be
free of any financial interest in, or any other relationship, past,
present, or anticipated with Searle, any manufacturer or distributor
of a product directly competitive with aspartame, or any party to the
proposed Board of Inquiry relating to aspartame, which would create,
or appear to create, the potential for influencing UAREP's review of
the submitted reports or the report of its findings." (See Appendix

[I-2.) A1l persons employed or otherwise engaged for pay by
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UAREP relative to this project signed statements agreeing to maintain:
the confidentiality of any confidential information reltative to this
project. They also signed statements indicating they had no present
or contemplated conflict of interest with any of the pfincipa] parties
concerned with this contract. (See Appendix II-2.) The contract
further indicates that UAREP shall make no statements relative to the
safety of aspartame for human consumption nor concern itself with the
design of any of the experiments that have been undertaken by Searle.
When UAREP met with Searle and FDA (Appendix II-1) only the state
of progress toward completion of the study was discussed, not the nature
of UAREP findings. A1l financial arrangements between Searle and UAREP
were handled through the UAREP office in Bethesda, Maryland, and there

were no direct discussions regarding finances with other UAREP

employees.

Although independence from Searle was maintained during the study,
it was necessary to obtain the materials and information from Searle
and their subcontractors. Certain procedural questions regarding
conduct of the study and preparation of the report were addressed
jointly to Searle and FDA. As mentioned above, UAREP staff and employees
maintained strict confidentiality and were free from any recognizeable
conflict of interest. Three members of the UAREP Board of Directors
who had potential conflict of interest did not participate in this
study or in any voting by the UAREP Board, relative to this study, or

in the preparation of this final report.
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UAREP Approaches and Methods of Authentication of Data

FDA Entries involved in the authentication - Of the original 15 entries

listed in the contract (Appendix [I-2, pg 2), E-77 and 78 were deleted
from the 'study because an independent review was carried out by the FDA,
and E-5, E-53, and E-89 were deleted because that work was said to be
superseded by E-90. The reﬁaining 12 entries, the authentication of
which was undertaken by UAREP, are shown in Table 2-1. The total number
of entries submitted by Searle to the FDA in support of its petition for

marketing aspartame approximated 100.

Available information - UAREP was sdpplied with multiple copies of the

Entry books which Searle had submitted to FDA and copies of all exiéting
relevant background information on the experiments, results, statistical
analyses, and preparation of reports, as well as the histopathologic
slides which had been reviewed for pathologic diagnoses. (See Tabie 2-
1). In addition, Searle supplied approximately 3000 sheets of general
and miscellaneous background information. Available for inspection by
UAREP, but not utilized systematically, were the paraffin blocks from
which the tissue sections had been cut, and in many cases, fixed animal
tissues comparable to those which had been imbedded in paraffin.

A1l histopathologic slides were transported personally by UAREP
employees from Searle Laboratories in Skokie, I111inois, or from Hazleton
Laboratories America in Vienna, Virginia, to the UAREP institution where

the histopathologic review was accomplished. (Table 2-1)
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Data and background materials were shipped from Searle Labs in Skokie,

I11inois and from Hazleton Laboratories America in Vienna, Virginia to the

University of California at Davis, California. AS all materials were
being copied before shipment, they were subject to FDA inspection in
order to ensure that copies éf all documents were provided to UAREP.
This extens{ve transport of documents and slides was accomplished
without any damage to the materials. Problems relative to a few missing
slides will be discussed in the respective chapters. Some of the
materials relative to E-28, which were from notebooks and laboratory
manuals with faint lead pencil markings, were unsatisfactory. for photo-
copying. Therefore, one of the UAREP staff visited the Searle Labora-
tories personally to copy the illegible material. On request, both
Searle and Hazleton Laboratories supplied some additional materials to
UAREP. Atlthe time the FDA seals were Pemerd from Searle materials at
Skokie, I11inois or Vienna, Virginia, UAREP seals were immediately

affixed.

Searle Installations and Subcontractors - As shown in Appendix II-3, the

major part of the experimental research in these entries was subcon-

" tracted to Hazleton Laboratories America of Vienna, Virginia (HLA).

They in turn subcontracted to Experimental Pathology Laboratories (EPL)
in Herndon, Virginia, for the histopathologic examination of all the

slides on E-9, E-33,34, E-70, E-75, and E-76. Searle subcontracted
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through EPL for Dr. J. R. M. Innes to review'fhe materials in E-86 and
87. Tissues for histopathologic slides on E-75 and 76 were processed
and sections cut in the laboratories of EPL. Observations on E-88 were
carried out at the University of Wisconsin but not under any specific
contract by Searle. UAREP did not visit the University of Wisconsin
relative to E-88 because the Principal Investigator was deceased and
all materials had been turned over to Searle. The histopathology slides
on E-28 were diagnosed at Microscopy for Biological Research (MBR). To
obtain first hand information and additional background data, UAREP
staff visited the facilities at Searle Laboratories in Skokie, I1linois,
Hazleton Laboratories America in Vienna, Virginia, and EPL Laboratories
in Herndon, Virginia on several occasions. UAREP did not visit MBR in
Albany, New York because there was good agreement in diagnosis on slides
examined by MBR and UAREP and there had been significant changes in
staff at Albany. Because of their fragile nature, the 1600 embryo
specimens on E-90 which were housed at the Searle Laboratories were
reviewed in their laboratories by UAREP personnel. (Dr. Anthony Steffek)
When Searle subcontracted with Hazleton Laboratories to carry out
experiments, Hazleton prepared the report in a form which was suitable
for submission to the Food and Drug Administration. When this report
was received by Searle, they forwarded such reports to the Food and
Drug Administration. In connection with their histopathologic review
and diagnosis of‘microscopic slides, Experimental Pathology Laboratories
prepared a detailed report which they submitted to Hazleton Laboratories.
The EPL report was submitted without page numbers and after suitable

pagination, it was included by Hazleton as a part of their report to
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Searle. UAREP was provided with copies of the EPL reports as well as
the earliest and latest draft of reports prepared by Hazleton and with
one copy of the report as it was received by the Food and Drug Adminis-
tration. These reports were checked by UAREP and meaningful changes were
not identified. In one or two instances, the sections of an EPL report
were shifted in sequence. No instances were found in which Hazleton

chaﬁged the meaning of any report submitted from Hazleton.

Definition of numerical discrepancies and categories - UAREP used the

following procedures for determining the type of numerical discrepancies:

A discrepancy in "N" numbers (N) occurs when the UAREP determination of

the number of animals used per treatment group or the number of data

bits used in computing a mean does not agree with the corresponding

‘number in the Entry Report.

A computational discrepancy (C) occurs when the UAREP calculation of a

mean, standard deviation, etc., does not agree with that tabulated in
the Entry Report and the disagreement is not due to rounding or to

differences in number of significant digits.

A statistical discrepancy (ST) is a situation in which the results of a

UAREP statistical analysis differs from the corresponding result tabu-

lated in the Entry Book.

A rounding discrepancy (R) occurs when the entry in the Entry Report

differs from the UAREP determination as a result of different rounding



—" -
i i v

-39 -

procedures. For example, if UAREP determination of an entry is .666 and
corresponding entry in the Entry Book is .66 instead of .67, then a
rounding discrepancy results. In order to determine if such a discrep-
ancy exists, it is necessary to calculate the entry to at least one more

significant figure than is shown in the Entry Book.

A discrepancy in number of significant figures (SF) occurs when the

entry in the Ertry Book shows (after rounding) a different number of
significant digits than that determined by UAREP validation. For
example, for a series of body weights from necropsy sheets of 32.90,
32.00, 30.90, and 30.30, the mean calculated by UAREP is 31.53. This
rounds to 31.5. If the corresponding figure in the Entry Book is

31.530, then there is a discrepancy in the use of significant figures.

A discrepancy in transcription (T) occurs when datum in one location

(i.e., clinical lab sheets, necropsy sheets) is transcribed elsewhere as
a different value. For example, if a datum on a clinical lab sheet is
15.13 and shows up on a summary sheet or in the Entry Bdok as 16.13,
then a transcription discrepancy exists.

It is apparent that these discrepancies are not necessarily inde-
pendent of each other. For example, if there is a substantial dis-
crepancy in "N numbers of treatment groups, this could result in dis-
crepancies in means, standard deviation, and even in the statistical
analysis for that group. In instances in which it is clear that one
discrepancy has led to another, only the parliest discrepancy will be
recorded. Since we are dealing with a very large volume of data it is
important to keep in mind the ratio of discrepancies to agreements in

validation.
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Rounding discrepancies - There are several methods of rounding digits on

numbers that end with a 5 in the place beyond the last significant
digit. Three examples are given. Each of the methods is approved by
those who use it and UAREP does not contend that one is correct and
others incorrect.
(a) One convention is to round up or down to the nearest even
digit, so that 164.5 becomes 164, and 165.5 becomes 166.
(b) Another method is to round down so that 164.5 becomes 164, and
165.5 goes to 165.
(c) The third method, used by most calculators and computers is
to round up, as for, example 164.5 to 165, and 165.5 to 166.
UAREP was unable to precisely ascertain any one method of rounding
numbers that was consistently used by either Searle or HLA. We feel
that consistency in the use of a method is more important than which
method was used. UAREP chose method (a) for rounding numbers, and any ?
one of the three methods would be expected to produce discrepancies with
the other two. Further problems arise depending upon whether one is
averaging rounded or unrounded numbers, and if one carries forward and
considers more than one figure beyond the number of significant digits;
For example, 164556 could be rounded to 164, if only 164.5 is considered,
or to 165, if, contrary to usual convention, the third digit past the
decimal raises the 5's progressively to 6's. Although all discrepancies
which did not agree with method (a) are counted or illustrated in the
Appendices of each chapter, UAREP regards most of these as prime ex-

amples of inconsequential discrepancies.
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Protocol and Amendments - The contract (Appendix [I-2) specifies that

UAREP is to review the .protocols and their amendments. Searle refers to
its experiment design specifications as “protocols" and as its amend-
ments are incorporated, the appropriate number is circled on the top
line of the first page. On transmittal of revised protocols, recipients
were requested to update their files by discarding earlier versions. At
times, memoranda addressed to the members of the Searle protocol com-
mittee, with an information copy to the Hazleton Project Manager, speci-
fied changes in the experimental design. Hazleton used the term "Pro-
ject Sheet," with the initial experiment specifications designated as
Project Sheet no. 1, and amendments as sequential project sheets 2, 3,
etc. When major revisions were made in a project, they also requested
on the sheet that previous project sheets be destroyéd. Although re-
quested, UAREP was not able to obtain copies of the original protocols
in those experiments in which the protocol had been amended and updated

by being rewritten.

General Methods of Review of Numerical Data - Rather than checking each

step in the handling of data, we chose to seek the earliest raw data
available for comparison with the first typed data in the Entry report.
These earliest data in the Entry Report were then used to check against
the various summary tables. In many instances, the earliest raw data
were no longer available, since it was many years after the experiments
were performed. For example, the voluminous paper recordings of auto-

mated chemical analyses are generally discarded after the significant
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figlres Have been transferred to other records. As the technology of
data recording advanced with the progress of the various experiments,
there was increasing use of computers with semi-automatic or automatic
data input into an INTEC computer system, or other computer systems.
Thus, in the case of the later experiments carried out at HLA, a com-
puter print-out was frequently the earliest recorded data. At times,
the computer output was actually reproduced in the Entry Report sub-
mitted to FDA. Although malfunction of computers does occur, it seldom
goes unnoticed and UAREP did not consider it a profitable expenditure of
time to spend large amounts of time checking the accuracy of the computers
used by HLA. In general, UAREP chose to check in more detail the
eariiest and latest experiments carried out at Searle and at HLA. This
comparison might reflect differences in methodology of handling data as
well as inherent changces in accuracy and consistency resulting from
differences in methodology and management.

UAREP checked all parameters which were included in the Entry Books
submitted to FDA or were called for in the protocol and its amendments.
This included the method of randomizing of animals included in the
experiment, body weights, weight gain, food and compound consumption,
clinical observations and ophthalmoscopic observations, clinical and
special chemistries, hematology determinations, urinalysis, necropsy
findings, organ weights, body to organ weight ratios, and histopathologic
findings. Tables and graphs were reconstrucfed using the Searle or HLA
data as well as any revised data developed by UAREP and any significant
variations reported. The persons checking data did not know the answers

for which they were making comparisons of accuracy. Since it has been
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said that "to err is human" all discrepancies noted between Searle or
HLA figures and UAREP figures were double, or at times, triple checked
by different individuals.

In the interests of brevity, this report does not reflect all of
the computations and analysis of results, or graphs, summary tables
prepared by UAREP. Although UAREP checked all available data and re-
constructed fhe handling of data, results and their analysis, we did not
choose to rep?oduce all of the data in the Entry Report filed with the
FDA with which we completely agreed. Orafts of graphs and other data
not included in this report will be maintained by UAREP for a reasonable
period of time.

Review of histopathologic diagnosis - UAREP pathologists reviewing'

slides were given the same information as the original slide reviewers,
namely basic information regarding which animals belonged to which
experimental groups, and the gross findings as indicated on the necropsy
sheets. Pathologists working’at the University of Mary]and School of
Medicine, Northwestern University School of Mediciné, and University of
California at Davis, School of Medicine and School of Veterinary Medi-
cine, initially reviewed the histopathologic slides without any know-
ledge of any prior histopathologic diagnoses. Their diagnoses were then
compared with those made by EPL or MBR, by third parties geographically
removed from the site of the review of slide diagnoses. Discrepancies
between EPL and UAREP diagnoses were reviewed by a panel of three or
more UAREP pathologists who submitted a consensus diagnosis aﬁd indi-
cated any minority opinions. In the final checking of the tabulation
of their diagnoses, the UAREP pathologists were provided a copy of the
EPL diagnoses and occasionally a UAREP diagnosis was changed at this

time.



-

-

-
t

- 44 -

Histopathologic slides representing certain problem areas in the
pathology of laboratory animals were reviewed by a special panel of
expert patholbgists of national stature. Their review included glial
tumors of the central nervous system, (see Chapters VIII and IX) and
hyperplasias and tumors of the pituitary, thyroid, and the adrenal
glands. Fortunately, the perplexing problem of liver tumors and related
non-neoplastic conditions in rats (10) and mice (12) have been the
sdbject of recent national conferences.

Since it is well known that individual pathologists have their
preferred terminology for certain diagnoses of the same or similar
pathologic conditions, a preliminary conference was held by Dr. Robert
E. Stowell o% UAREP and Dr. John Ferrell, Chief Pathologist of EPL, for
the purpose of discussing terminology and equivalence of diagnosis.

This meeting was followed by a meeting of participating UAREP pathol-
ogists from University of Maryland School of Medicine, Northwestern
University School of Medicine, and University of California at Davis, in
which general agreement was reached regérding equivalence of diagnestic
terminology. Minor differences in diagnostic terminology or in the
degree of involvement of a lesion were not considered noteworthy.
Agreement and discrepancies in histopathologic diagnoses are discussed
with the review of each study. Errors produced by entering diagnoses in
the incorrect column or transposing errors were counted as any other
discrepancy. Other unpublished reviews have found 3-12% errors in

rodent histopathology diagnoses by experienced pathologists.
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Autolysis - While doing the histopathologic diagnoses, UAREP pathol-
ogists were requested to give an indication of the degree of autolysis
of the tissues examined. When autolysis was present, the severity was
denoted on a scale of 1 to 5 similar to that used for grading the
severity of other tissue diagnoses:

1. slight autolysis

2. low degree of autolysis

3. moderate autolysis

4. moderate to high degree of autolysis

5. severe autolysis making histopathologic diagnosis difficult

UAREP pathologists noted that autolysis was present but rarely to a
degree that interfered with appropriate tissue diagnoses. Only a few of
the rats sacrificed at the termination of the experiment showed auto-
lysis. Severty-five tc 90 percent of the rats that died prior to termi-
nation of the experiment had some degree of autolysis, which had an
average reading of 3.4 on the scale of 5. Instances of more severe
autolysis in mice dying during the course of the experiments are dis-

cussed in Chapters VI and VII.

Pituitary Tumors: UAREP defined criteria for differentiating between
hyperplasia, adenoma, and carcinoma in pituitary lesions in rats. In
doing this, they considered the criteria used by their own pathologists
and by consultants as well as by the National Cancer Institute, and the
criteria used in diagnosing human pituitary lesions. It is recognized

that there may be some discrepancies in criteria applicable in different
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species. In the rat, the amount of correlation of biologic behavior
with the histopathologic criteria is inadequate. The same statement
could be made for pituitary tumors in a number of other species.

Pituitaries in which there was a proliferation and hypercellularity
of cells, which were not well circumscribed, were considered to be
hyperp1astic. No attempt was made to differentiate between hyperplasias
or adenomas on the basis of cell type. Adenomas were considered to be
lesions which were well circumscribed, cémposed of relatively normal
appearing cells. Such adenomas were well demarcated and appeared as
though they could be shelled out. Carcinomas, on the other hand, ex-
hibited a substantial degree of cellular pleomorphism and at times,
increased mitotic activity and invasive qualities. Some of these tumors
consisted of cells with increased cytoplasm and in some instances, large
droplets in the cytoplasm of the cells. The cells appeared to be some-
what larger and theré was some tendency for thé tumors to be larger. It
was not considefed, however, that size was a valid criteria for differ-
entiating between the benign and malignant pituitary tumors.

In the human there is great conservatism in making a diagnosis of
pituitary carcinoma. Very few such cases are diagnosed and they are
essentially reportable in the literature when they occur (2, 8, 9).

A close relationship between morphology and rarely observed metastases
has not been noted in the human, where many of the adenomas will extend
into the brain. Many pathologists would consider this more an extension

by compression of the adjacent tissue rather than an active invasion.



- 47 -

UAREP therefore adopted criteria commonly used in judging pituitary
tumors in rats, although such criteria are by no means universally
accepted. It should be emphasized that these diagnoses are based on the
histopathologic appearance and have not been adequately confirmed by

biologic behavior of the tumors.

Tumors of the thyroid and parathyroid: Primary proliferative lesions of
the thyroid involved only C-cells or parafollicular cells in E-33,34 and
E-70. Because of the evidence that benign or malignant behavior is
difficult or impossible to determine histologically in these neoplasms,
and because such tumors often develop malignant potential, all those
lesions judged to be neoplasms were termed C-cell carcinomas. This term
is equivalent to medullary carcinema of the thyroid.

C-cell hyperp]asia was used for small collections of well differ-
entiated parafollicular cells which were not well demarcated from
surrounding follicular tissue and often interposed between follicles.
There was no compression of the surrounding tissue and mitotic activity
was not seen.

C-cell carcinomas were proliferations of C-cells which compressed
or infiltrated the thyroid tissue. Some showed evidence of vascular or
lymphatic invasion.

Other lesions seen included hyperplasia and adenomas of the para-
thyroid as well as one small lesion diagnosed as paraganglioma, which is

a rare and unusual tumor.
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Medullary carcinomas of the thyroid were first reported in man in
1959 (3), and large series of cases have been reviewed since then. In
man, these tumors may be associated with bilateral pheochromocytomas
(13), mucosal neuromas (14), Cushing's disease (11), and bilateral
parathyroid hyperplasia and adenomas (7). Such lesions were not ob-
served in the ten cases of C-cell hyperplasia or neoplasms in E-33,34
and E-70. C-cell tumors were recognized and began to appear in the
Titerature 4-6 years ago. Medullary carcinomas in the rat thyroid were
described in 1968 (1,4). Thus, at the time the slides were originally
diagnosed, one might expect that EPL in 1972 might recognize medullary
carcinoma of the thyroid but not call them C-cell tumors. However,
discrepancies in diagnoses between UAREP and EPL are not all explainable
by EPL's lack of use of C-cell hyperplasia or carcinoma. In one case
(83-640) in E-33,34, and four cases (90-877, 91-037, 91-066, 91-930) in
E-70,vthere was diagnostic discrepancy as to whether the cell of origin
of the lesion was the thyroid or parathyroid. There were also signi-
ficant discrepancies in diagnosfs between normal hyperplasia, adenoma

and carcinoma.

Proliferations E-33,34 £-70
normal vs hyperplasia 83-723 90-965, 91-067
normal vs adenoma ' 91-937

hyperplasia vs adenoma  83-988, 83-779
adenoma vs carcinoma 83-690 90-877, 91-037,
91-066, 91-930
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UAREP regards the diagnosis of discrepancies in the thyroid and
parathyroids as being based on distinct entities as described in the
literature. The perception with which the pathologist recognizes such
gradations of normal and abnormal proliferation of cells may be less
precise in practice than in theory. In the rat and mouse, as compared
with man, there may be relatively few cells to observe under the micro-
scope, and less opportunity to observe and understand the biologic

behavior of the neoplasms.

Adrenal gland diagnoses: In the adrenal cortex, hyperplasia is diag-
nosed on the basis of hypercellularity in areas which are circumscribed
and not compressing the adjacent tissues. The cells tend to be somewhat
larger, but are well differentiated. Adenomas on the other hand,
apparently compress the surrounding tissue -although they do not have a
distinct capsule. They usually appear to be larger in size. The
diagnosis of carcinoma was made primarily on the basis of the cellular’
pleomorphism and atypia and in some cases, increased size of the cells.
[t was recognized that angiectasis may at times constitute a problem in
confusing the picture in the adrenal cortex.

The medullary lesions of the adrenal are somewhat more difficult to
differentiate. The diagnosis of pheochromocytoma was employed for large
medullary tumors composed of bizarre cells frequently with abundant
cytoplasm. It was not possible to tell whether these tumors were
malignant or benign on the basis of histologic appearance. The biologic
behavior of malignancy in such tumors is very rarely observed. Medullary

hyperplasia was used for lesions in which there were cells somewhat
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larger than normal and apparently some hypercellularity. It could not be
recognized whether this increased cellularity and cellular changes in
any way relates to functional stimulation. The diagnosis of ganglio-
neuroma was based on the presence of large ganclion type cells.

Hyperplasia of the adrenal medullary or cortical cells was graded
on al to 5 scale as employed by EFL. At times the difference between
categories of diagnoses was scarcely discernible, as for example, a
hyperplasia of adrenal cortical cells grade 5 and a cortical adenoma or
a medullary hyperplasia grade 5, and a pheochromocytoma. UAREP felt it
was important to consider such a distinction as significant; however,
because some government agencies have taken the position that the dis-
tinction between a non-neoplastic hyperplasia and a benign tumor is of
critical importance, whereas they are less concerned about the dis-‘
tinction between a benign and d malignant tumor since they feel all
benign tumors have the potential to become malignant. |

In evaluating the pheochromocytomas, some showed substantial
degrees of pleomorphism that one associates with malignancy in other
tumors. Experience has shown, however, that this tumor, despite its
histologic appearance, rarely behaves as a malignant tumor and that it
is not possible to select the malignant pheochromocytoma on the basis of
its histologic appearance. Therefore, we tabulated the pheochromo-

cytomas as benign tumors.
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Discrepancies in histopathologic diagnoses were classified in three
groups, according to the nature of the discrepancy and its biologic

significance.

1. Inconsequential discrepancies between UAREP and EPL diagnoses are

those so minor that different pathologists might frequently use one
or the other diagnosis. An example would be a minor difference
in grading of the degree of a lesion as grade 1 vs grade 3 inflammation,

on a scale of 5.

2. Minor discrepancies are those in which one would expect that most

pathologists would recognize a degree of difference in a significant
lesion. An example would be if one diagnosis of a‘lesion was slight
(grade 1) acute inflammation of the lung, and the other was advanced

(grade 5) inflammation of the lung.

3. Major discrepancies are those in which it is of supstantia] importance,
in terms of a 1ife-threatenihg process, that the correct diagnosis
be made. An example would be if one pathologist diagnosed a
malignant tumor of an organ and another diagnosed a non-neoplastic

lesion.
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Statistical and Biological Significance - In reviewing statistical

computations, UAREP considered whether or not the methods employed by
Searle were the most appropriate. If there Were alternative methods
which UAREP felt should have been considered, they were also used.

Similarly, in evaluation of statistical significance, the method em-

ployed by Searle and their subcontractors was always used, but if other

methods were considered possibly more appropriate, they were also
employed and results compared. (See Appendix II-9). For example, in
many instances, the Entry books compared each experimental group only
with the control, whereas UAREP often compared each group with all other
groups in the experiment. Not only was this considered more appro-
priate in seekihg maximum information on intergroup and dose relation-
ships, but it was generally in keeping with-the Searle protocol in-
struct%ons regarding statistics. In addition to seeking statistical
significance, UAREP sometimes also’independent1y commented on the
biologic significance of data, but not the safety of aspartame for human
consumption, which was contraindicated by our contract.

Analysis of significant interactions (analysis of variance, ANOVA)
between test groups was performed by UAREP prior to pairing groups and
analyzing statistically by the Newman-Keuls (Q) and the Least Signi-
ficant Difference (LSD) methods. ANOVA indicates the exact probability
that all group means are equal but based upon the F test for Analysis of
Variance. UAREP applied ANOVA at a difference of P < 0.05. If values
larger than 0.05 were obtained, the least significant difference and the
Newman-Keuls test were not }un. If the F statistic was greater than

0.05, we did not do the LSD or Q test because we accept the hypothesis
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that (at the 5% level) all the means being compared were equal. As
shown in the UAREP tables, the results of the ANOVA are indicated
numerically, together with the significance of the Q and LSD tests run,
and the significance of the UAREP and HLA or Searle t-test are given.
The reader may then choose which of the statistical methods or combi-
nation of methods are regarded as most appropriate. In general, UAREP
found less statistical significance of comparisons than HLA or Searle
when the same groups were compared. This would favor one's interpre-
tation of less likelihood of a significant biologic effect of the agent
at test. It should be remembered, however, that there is no one statis-
tical method of choice for all purposes, and that statistical signi-
ficance at the 5% level can mean that if 1000 comparisons are made, that
50 would show up as significant when they were net really significant.
Thus, an occasional statistical signifitance that is not dose-related

should not be a cause for concern.

Degree of discrepancies - For purposes of this authentication, UAREP has

defined degrees of discrepancies between UAREP and Searle observations

as follows:

Minor and Inconsequential Discrepancies - Trivial differences which

individually have no material effect upon the results and their inter-
pretation. For numerical data, differences of 5% or less are minor and
1% or less are inconsequential. Examples of these would be differences
in rounding of'numbers or numbers of figures considered as significant

digits.
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Possibly Significant Discrepancies - This would include discrepancies of

such magnitude that many scientists would disagree as to whether they
made any material difference in results and especially in their inter-

pretation. Numerical differences would be greater than 5%.

Probably Significant Discrepancies - These differences would be of an

crder of magnitude which the majority of scientists would feel produced

a significant difference in terms of biologic interpretation of results.

Preparation, Organization, and Review of this Report. The various parts

of this report were drafted and reviewed at the University of California
at Davis by the UAREP Principal Investigator and his immediate staff of
UAREP employees. Consultation was sought as necessary in preparing the
final draft. The draft was always shown to the other UAREP investi-
gators whé had directly contributed information incorporated in the
report. ‘

The organization of the report is shown in the Table of Contents.
UAREP has attempted to prepare a document which could be read and
understood reasonably well by those who had some familiarity with the
Entry Books submitted by Searle to FDA. Those with Timited understanding
of the contents of these books will need to obtain copies from Searle
Laboratories or from FDA if they desire to explore the most minute
details pertaining to this total project. Liberal use has been made of

appendices to most of the 14 chapters, in order to provide a document
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which can be easily read by those not interested in the details. Copies
of drafts of various sections of this report were submitted to detailed
study by an editorial group consisting of Drs. Brinkhous, Carter, Endi-
cott, Scarpelli, Trump, and Stowell. The final total document was then
reviewed by the officers of UAREP and submitted to Searle. These opinions
expressed have not been altered by any statements made by any of the
parties most concerned; Searle, FDA, or participants to the proposed

hearing.

Total Scope of the Work Involved - UAREP and their employees have

devoted 22,000 hours of work relative to this project, including the
review of 2200 pages of Entry Books, 21,000 pages of background data,
and more than a million bits of numerical data from experiments in-
volving 4900 animals and the histopathologic diagnosis of 39,000 tissue
sections and embryo specimens (Table 2-1). Extensive use was made of

consultants, independently, and in conferences. (See Appendix II-5).

UAREP Participants - There were 60 participants in this study. The

principal staff are shown in Appendix II-5.
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General Discussion

Animal Care Facilities

The importance of good laboratory animal facilities is beﬁng
increasingly recognized and the level of acceptable standards is rising.
It is not easy to extrapolate backward five to 10 years in visiting
animal care facilities to precisely ascertain conditions during the time
these experiments were carried out. The animal care facilities of
Searle Laboratories in Skokie were visited by consultant Dr. Dale L.
Brooks and Dr. Robert E. Stowell on June 9, 1978. The present facili-
ties for care of dogs, rabbits, rats, and hamsters were found to be
satisfactory, and conversations with employees who were present during
the time the experiments were carried out would lead one to believe that
the, facilities and care were also adequate at the time these experiments
were in progress. The animal facilities at Searle Laboratories have
been fully. approved by the American Association for the Accreditation of
Laboratory Animal Care (AAALAC) since 1968. The vivarium is also
approved and inspecte& by the United States Department of Agriculture,
Veterinary Sciences, and conforms to the Animal Welfare Act (Public Law
89-544 and Public Law 81-579). AAALAC accreditation is based on careful
evaluation of overall animal care activities, and js probably the best
evidence that can be obtained at this time as to the level of animal
care at Searle during these experiments. In connection with AAALAC
inspection and accreditation, constructive suggestions may be offered to
the institution. Copies of the letters of accreditation for 1968 and

1973 are shown in Appendix II-7.
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The Laboratory Animal Care Facilities at Hazleton Laboratories were
visited by Dr. Frank M. Loew, consultant, and Dr. Robert E. Stowell on
April 7, 1978. Their facilities were first examined by AAALAC in 1969,
and approved in 1971. Accreditation has been renewed since that time.
Copies of pertinent correspondence between AAALAC and Hazleton Labora-
tories were requestéd by UAREP and some information was provided four
months later. Provisional approval by AARALAC was indicated in November
1970 (Appendix II-7) and full approval was given on June 4, 1971. The
reasons for the provisional instead of full approval in November 1970
did not relate to species in experiments under review by UAREP. Earlier
AAALAC correspondence which might have cited problems, it any, observed
by AAALAC in 1969 or 1970 was not made available to UAREP by HLA. At
the time these experiments were carried out, some of the animal rooms
utilized were large, and animals from more than one expefiment were kept
in the same room (Appendix II-7). At the time of the UAREP visit it was
said that new shipments of mice and rats were held in jsolation for 14
days before they were started on experiments but later HLA said their
correct time was one week. During this time the animals were observed
daily, but, as not infrequently happened in those times, were not

subjected to microbiologic or parasitic investigation.

Laboratory Facilities

There have been considerable changes in the laboratory facilities
at both Searle and Hazleton since the time that these experiments were
undertaken. UAREP feels that it is not feasible to precisely evaluate
the laboratory facilities in view of such changes. The present labora-

tory facilities and laboratory staffing generally appear quite adequate.
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Professional and Other Personnel

A substantial number of the people who were active in these projects
at Searle and Hazleton are no longer employees at these firms. For
example, Dr. Robert McConnell, Chief of the Pathology-Toxicology
Department, is now at Massachusetts Institute of Technology. After
weeks of negotiations between Searle and Qr. McConnell and his repre-
sentatives, it was ascertained that, for personal reasons, Dr. McConnell
would not be available for personal interview, but would only consider
the submission of written questions. Dr. Rao, Dr. McConnell's asso-
ciate, who participated in most of the projects under review, is now
employed by Dow Chemical Company in Michigan. Similarly, Dr. Harris,
the veterinarian in charge of animal facilities, Dr. Vondruska, the
préject advisor on E-90, and the two biostatiticians who were concerned
with these problems are either employed elsewhere or retired and were
not made available for interview by UAREP. The curriculum vitae for the
professional personnel at Searle and Hazleton were'reviewed by UAREP.
Some of the laboratory personnel at both Searle and Hazleton were
interviewed when those institutions were visited by the UAREP personnel,
and such people evidenced good knowledge regarding their work. It is
recognized that the Searle-UAREP contract encourages UAREP to interview
former personnel. However, on the basis of the Timited information
available to UAREP, it does not appear feasible for UAREP to make any
specific assessment relative to the qualities of Searle or Hazleton

Laboratory employees.



[
i

r. P

_——
. 1

——
1

- 59 -

Dosage Equivalence of Aspartame

In the protocol for £-33,34 and in a report written by Dr. Robert
McConnell in January 1972, human consumption of aspartame was estimated
at 1 g/day for a 50 kg adult, or 0.02 g/kg/day for the same 50 kg adult.
The report mentioned that 1 g/day for a 27 kg child would be 0.037
g/kg/day. On this basis, an animal dose of 1 g/kg would be 27 times the
human child dose and 50 times the adult human dose. A 4 g/kg/day con-
sumption would be 108 times the child dose and 200 times the human adult
dose. Multiples of this human equivalent adult dose were used in E-
33,34 whereas in contrast in E-28, E-70, 75, and 76, 0.30 g/kg/day dose
for a 27 kg child was assumed and 1 g/kg/day and 4 g/kg/day animal doses
were reported respectively as 36 times and 133 times the human con-

sumption

Stability and Mixing of Compounds in Diet

The production of aspartame and its conversion product, diketo-
piperazine, as well as their stability in pure state, may be considered
outside the scope of the UAREP authentication study. (Appendix I1-2)
UAREP recognized that the stability of these compounds, under the con-
ditions employed in these experiments, is obviously important to any
interpretation of the results of these studies.

The Entry Books which are the subject of our review contain no
documentary information fe]ative to the stability of APM or DKP under
these experimental conditions. Some of the earlier protocol sheets (E-

34) indicate that the stability of APM was "uncertain" ("Drug vehicle
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mixture stability; Rx weeks: uncertain") but later protocol sheets (E-
70) say, "stable," in animal diets at room temperature. In the course
of carrying out these 12 experiments, to UAREP's knowledge, no samples
were analyzed for stability of APM or DKP, or uniformity of mixing.
Hazleton states that Searle did not request such tests and that HLA only
did things specified by their contractors. Other contractors have had
uniformity of HLA mixing checked for their various products, but those
results are the property of other firms than Searle and were not avail-
able to UAREP. Different products have different mixinc characteristics
with animal food. Searle declined an offer from UAREP to carry out an
independent analysis on the mixing characteristics that would pertain to
mixing equipment., aspartame, and animal food of the type used.

Another Entry (E-62), "An Evaluation of the Embryotoxic and Tera-
togenic Potential in the Rabbit," P-T No. 1048573, submitted by Searle
to FDA presents somewhat confusing evidence that over a six week inter-
val, the aspartame content of APM pelleted with rabbit chow was relatively
stable. In eleven individual samples, the aspartame content decreased‘
up to 11% in one sample and increased up to 20% in another. The average
of six samples of approximately 3% aspartame in pelleted chow, decreased
only 1.5% whereas the average of five samples of 6% aspartame in pelleted
chow increased 8.5%.

In response to a UAREP inquiry for information on stability of
aspartame, Searle sent a brochure on aspartame, EQUA 200. On page 7 this
states, "Dry EQUA 200 has been stored in a closed container at a0°
C for periods up to one year in order to determine the mode and extent

of decomposition under storage conditions more severe than would be

encountered in normal distribution. Only aspartylphenyalanine and
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diketopiperazine were detected in the chromatograms of stored samples.
After six months storage.at 40° C, some increases of as much as 1% in
the level of diketopiperazine and of 0.5% in the level of aspartyl-
phenylalanine were noted. The constituent amino acids were not-seen in
these chromatograms." UAREP interprets this to mean that neither
phenylalanine nor aspartic acid were present.

Although conditions evaluating dry aspartame and those éva1uating
it in pelleted rabbit chow are not the same as the studies under UAREP
review, they do at least suggest the probability that the aspartame was
not greatly altered under the conditions of utilization in these experi-
ments. In long-term experiments, minor variations in the concentration
of aspartame or in uniformity of mixing of the compound in diet will
prob;bly average out to be of no significance.

Considerations of the relationships of APM or DKP to other com-

pounds, imcluding glutamates, is outside the scope of UAREP's authen-

tication review.
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