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Abstract

Milk products are widely consumed by individuals in the US population in the form of fluid milk and milk-derived products and
ingredients. Milk is a good source of calcium, which plays a role in maintaining bone health. In addition to calcium, the whey protein
fraction of milk contains basic proteins that have been demonstrated to increase bone metabolism and inhibit bone resorption. A specific
basic protein fraction in milk (Mifk Basic Protein; MBP) was tested in an acute oral toxicity study, teratology study, subchronic oral
toxicity study, and reverse mutation assay and no treatment related adverse effects were found. MBP has been evaluated for its use
as an ingredient in food and concluded to be safe for its intended use.
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1. Introduction

Milk basic protein (MBP) is a well-characterized basic
protein fraction derived from milk. MBP is approximately
97% total protein. Most of this protein is lactoferrin and
lactoperoxidase, which comprise approximately 54% and
41% of the total MBP protein, respectively; other active,
basic proteins and other milk proteins are approximately
2.4% of MBP proteins. Studies conducted using the whey
protein concentrate (WPC) fraction of milk and the frac-
tion of WPC known as MBP have shown that whey pro-
teins and, more specifically basic protein components of
the whey fraction, are important for bone health, This
activity has been demonstrated in vitre and in vivo to

Abbreviations; MBP, milk basic protein; WPC, whey protein concen-
trate; HMG, high-mobility group; USDA, United States Department of
Agriculture; mEq, milliequivalents; mg, milligram; kg, kilogram; pg, mi-
crogram; kL, micreliter; ml., milliiter; NOAEL, No Observed Adverse
Effect Level. :
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strongly stimulate bone formation and inhibit bone resorp-
tion (Kato et al., 2000; Takada et al., 1996, 1997a,b,c, 2001,
Toba et al., 2000}.

Protein components of MBP that have been shown to
increase bone metabolism and inhibit bone resorption have
been identified. The increase in bone metabolism occurs
through an increase in the number of osteoblastic cells
and the amount of bone proteins, such as collagen. Two
components of MBP that have this growth-promoting
activity have been purified and sequenced. One component
1s identified as a high-mobility group (HMG)-like protein,
the other as kininogen fragment 1-2 (Yamamura et al,,
1999, 2000). MBP also suppresses bone resorption. The
component identified as having this activity is cystatin C
{Matsuoka et al., 2002).

The US population has a long history of exposure to
MBP constituents through consumption of fluid milk and
milk-derived ingredients. The 2005 United States Depart-
ment of Agriculture (USDA) Dietary Guidelines {USDA,
2005) recommend the consumption of 3 cups of milk or
milk products per day by individuals in the US population,
in order to promote adequate protein and calcium intake.’
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In individuals 31-50 years of age, this recommended intake
is an increase of 1.2-1.6 cups of mikk {or milk products) per
day compared with actual intake by individuals in this age
group in the years 2001 and 2002 (USDA, 2005).

Similarly, in Japan, there is a history of exposure to MBP
constituents through consumption of fluid milk and milk-
derived ingredients. A program established in 2003 by Japan
Dairy Association, 3-A-Day Japan, recommends the con-
sumption of 200 ml of milk (one glass of milk), 100 g of
yogurt and 20 g of cheese per day by individuals in the
Japanese population based on Healith Japan 21 (Ministry
of Health, Labour and Welfare, 2000} and Dietary Guide-
lines (Ministry of Education, Culture, Sports, Science and
Technology, Ministry of Health, Labour and Welfare, and
Ministry of Agriculture, Forestry and Fisheries, 2000).
Actual average daily intakes of milk, yogurt and cheese in
the year 2002, however, are estimated 95 ml, 20 g and 3 g,
respectively using the Statistics on Milk and Dairy Products
(Ministry of Agriculture, Forestry and Fisheries, 2002a) and
Food Balance Sheet (Ministry of Agriculture, Forestry and
Fisheries, 2002b). Based on these assessments, consumption
of milk or dairy products in the USA and Japan do not
appear to be at optimal levels. Consumption of MBP can
supplement the diet of individuals with a specific whey frac-
tion of milk that has been associated with bone health.

As part of the evaluation of the safety of ingestion of
MBP, in vivo and in vitro toxicology studies were com-
pleted, including an acute oral study in rats, a teratology
study in rats, 13-week oral study in rats, and a reverse
mutation assay using Salmoneila typhimurium.

2. Materials and methods
2.1, Test substance

MBP is a specific basic protein fraction derived from pasteurized skim
milk. The total protein content of MBP is greater than 90.0% by weight.
Principal protein components are lactoferrin, lactoperoxidase, cystatin C,
HMG-like protein and kininogen fragment i -2, MBP was dissolved in
water for mutagenicity studies. In the in vivo studies, MBP was adminis-
tered via gavage at a dose volume of 10 mL/kg body weight. Water was
used as the control in the mutagenicity and in vive studies.

2.2, Acute oral foxicity in rats

The study consisted of one treatment group and one control group,
each with 19 rats per sex per group. Healthy Cri:CD {SD) IGS rais
{Charles River Japan, Inc.), approximately 5 weeks of age, were used. Al
the start of the study, the males weighed between 151 and 165 g and the
females weighed between 123 and 138 g, Animals were randomiy assigned
1o study groups based on stratified body weight to ensure that the mean
body weight would be similar between the two groups.

MBP was administered at a dose of 2000 mg/kg body weight. The
animals were fasted 17-18 h before administration and 4 h after admin-
istration. All animals were observed daily from Day 1 10 Day 14, on which
day each animal was sacrificed in preparation for necropsy.

2.3, Teratogenicity in rals

Healthy male and female Crj:CD (SD) IGS rats were obtained from
Charles River Japan, Inc. and mated; males were approximately 12 weeks

of age, females were approximately 11 weeks of age. The study utilized one
treatment group and one control group; 20 healthy pregnant females were
included per group. Copulation was confirmed by the presence of a vag-
inal plug or sperm in a vaginal smear. The day of copulation was desig-
nated as gestation Day 0.

MBP was administered daily by gavage at a dose of 2000 mg/kg body
weight/day on Days 7-17 of gestation. Al dams were observed for mor-
tality and clinical effects from Day 0 of gestation until necropsy; twice
daily during the MBP administration period and once daily before initi-
ation and after completion of MBP administration. Body weights were
recorded on Day 0, Day 3, and daily from Day 7 to Day 20 of gestation.
Food consumption was measured on Days 0, 3,7,9, t1, 13, 15,17, and 20.
Necropsy was performed on Day 20 of gestation. At necropsy, selected
organs and tissues were preserved. Ovaries and uteri were removed and the
gravid uteri were weighed. After observation of intrauterine, embrya-fetal,
and placental conditions, and after the removal of live fetuses, the utert
and placentas were weighted. Implantation index, viability index of fetu-
ses, incidence of dead or resorbed embryos and fetuses, and sex ratio were
calculated. The fetal examination consisted of externa! examination, vis
ceral examination, and skeletal examination. For visceral examination, all
fetuses were fixed in Bouin's solution; for skeletal examination, all fetuses
were fixed in 99.5% ethanol, stained with alizarin red § and cleared in 70%
glycerin, This study was conducted under “Guidelines for Designation of
Food Additives and for Revision of Siandards for Use of Food Addi-
tives”, Notification No. 29 of the Environmental Heaith Bureau, Ministry
of Health and Welfare, Japan, March 22, 1996,

2.4. Thirteen-week oral rat toxicity study

A 4-week oral gavage range finding study in rats was conducted to set
the MBP dose levels for a subsequent 13-week oral toxicity study in rats.
Based upon the results of this 4-week study, MBP doses of 0, 200, and
2000 mg/kg body weight/day were administered for 91 days via gavage
to groups of 10 male 2nd 10 female Ctj:CD (SD) IGS rats (Charles
River Japan, Inc.). Body weight and food consumption were measured
and recorded on Days 1, 2, and 7, and weekly thereafter. The general
physicai condition of each animal was observed during the study once per
day. In Week 13, urinalysis {i.c., pH, protein, glucose, ketone body, uro-
bilirogen, bilirubin, occult bloed, urinary sediment, volume, specific
gravity, sodium, potassium, and chloride) and ophthaimologic examina-
tions were canducted. Before necropsy, a blood sample was collected from
the abdominaj aorta of each animal under anesthesia for hematological
evaluations and clinical chemistry evaluations, specified in Table 1.
Necropsies were performed on all animals at the termination of the study
and weights were determined for the following organs: heart, liver, spleen,
kidneys, adrenals, prostate, testes, seminal vesicles {including the coagu-
lating glands), ovaries, uterus, brain, pituitary, salivary glands (including
submandibular and sublingual glands), thymus, lung, and thyroid
(including parathyreid).

Histopathological examinations were performed for all animals in the
control and high dose groups. Organs and tissues examined are Histed in
Table 1. Most tissues were fixed and preserved in 10% neutral buffered
formalin; eyeballs and harderian giand were fixed and preserved in
Davidson’s fixative; testes and epididymides were fixed in Bouin’s solution
and preserved in 70% ethanol,

One-way parametric ANOVA with Dunnett’s test was used 10 com-
pare bady weights, bedy weight gain, food consumption, feed efficiency,
quantitative parameters of urinalysis {except specific gravity), hemato-
logical values, blood chemistry values, and organ weights. The Kruskal-
Wallis test with the Mann-Whitney U-test was used to analyze the
qualitative parameters of urinalysis and specific gravity.

This study was performed in accordance with “Ordinance on Stan-
dard of Conduct of Non-clinical Studies of Drug Safety”, Ministry of
Health and Welfare Ordinance No. 21, Japan, March 26, 1997 and
“Guidelines for Designation of Food Additives and for Revision of
Standards for Use of Food Additives”, Notification No. 29 of the Envi-
ronmental Heajth Bureau, Migistry of Health and Weifare, Japan, March
22, 1996
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Table |
Parameters evaluated

Hematological and biochemical parameters evaluated

Red biood cells, hematocrit, hembglobin, mean corpuscular volume,
mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, platelets, reticulocytes, white blood cells, neutrophils,
eosinophils, basophils, lymphocytes, monocytes, prothrombin time,
activated partial thromboplastin time, total protein, albumin,
albumin to globulin ratio, protein fraction, aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase,
gamma ghitamy! transpeptidase, total bilirubin, glucose, total
cholesterol, triglyceride, urea nitrogen, creatinine, sodium,
potassium, chloride, calciurs, inorganic phosphorous

Organs and tissues examined

Skin, mammary gland, mandibuiar lymph nodes, mesenteric lymph
node, thoracic aorta, submandibular glands, sublingual glands,
parotid glands, sternum, femur, thymus, trachea, lung (including
bronchus), beart, thyroids, parathyroids, tongue, larynx, esophagus,
stomach (including forestomach and glandular stomach),
duodenum, jejunum, Hleum {including agmen peyerianum), cecum,
colon, rectum, fiver, pancreas, spleen, kidneys, adrenals, urinary
bladder, seminal vesicles (including the coagulating glands),
prostate, iestes, epididymides, ovaries, oviducts, uterus, vagina,
brain (including cerebrum and cerebeltum), pituitary glasd, sciatic
nerve, skeletal muscle, spinal cord, nasal cavity (turbinate), eyeballs,
harderian glands, and Zymbal’s glands

2.5, Mutagenicity

MBP was tested for the potestial to induce point mutations in a
reverse mutation assay using S. ryphimurium strains TA98 and TA100. All
tests were conducted in the presence and absence of metabolic activation
(i.e., rat liver homogenate, 39). MBP concentrations of 1.6, 8.0, 40, 200,
1600, and 3000 ug/plate (first test) and 156, 313, 625, 1250, 2500, and
5000 pg/plate (second test) were employed. Negative control samples {i.e.,
water) were run in triplicate and MBP and appropriate positive contro}
sampies were run in duplicate. A positive result was considered 10 be one
that resulted in greater than two-times the number of revertant colonies
observed in the negative control plates.

3. Results
3.1, Acute toxicity in rats

No mortality was observed during the 14-day study per-
iod. There were no abnormalities in the general appearance
in any animal, and no adverse changes in body weight
occurred in any animal group during the study. Addition-
afly, no organ pathology was observed at necropsy on
Day 14. Accordingly, the median lethal dose (L.Dsg) of
MBP for the Crj:CD (SD) IGS rats in this test system
was determined to be greater than 2000 mg/kg body
weight.

3.2. Teratogenicity in rats

There were no MDBP-related adverse clinical effects
observed over the course of the teratology study. There
were no differences between treatment and control animals
in body weight, body weight gain, food consumption,
numbers of corpora lutea, numbers of implantation sites,
numbers of live and dead fetuses, numbers of resorbed

embryos, viability indices of fetuses, sex ratio, placental
weight, and body weight of fetuses {Table 2). In live
fetuses, there were no significant MBP-related external, vis-
ceral, or skeletal anomalies or variations. Based on this
study, under these test conditions MBP had no adverse
effects on reproduction or development in Crj:CD (SD)
IGS rats at 2000 mg/kg body weight/day.

3.3, Thirteen-week oral rat toxicity study

3.3.1. Clinical observations

No MBP-related adverse clinical effects were observed in
any animal. One female in the 2000 mg/kg body weight/
day dose group exhibited loss of the fourth digit of the
right forelimb on Day 49, but this effect was not considered
treatment-related,

3.3.2. Body weight

Group mean body weights of male and female animals
during the course of the study are shown in Fig. 1. No sta-
tistically significant differences in group mean body weight
were observed in male animals of either dose group
compared to controls. A statistically significant decrease
in group mean body weight was observed in female animals
in the 200 mg/kg/day dose group on Day 28 compared to
conirols. This difference was considered anomalous and
not treatment-related. A statistically significant decrease
in group mean body weight was observed in female animals

Table 2
Reproductive parameters of female rats in MBP teratogenicity study®
Parameser (units) MBP dose groups®

Control 2000 mg/kg
Number of corpora lutea 1634 2.0 16325
Number of implantation sites 15.8:42.0 [543 2.2
Implantation index (%4)° 97.01 £4.38 94.84 7,70
Dead or resorbed embryosifetuses
Early? 10407 10+ 1.1
Late® 0.0:£0.0 01+03
Total 10407 T£12
Incidence (%) 610+ 4.64 6.55 £ 6.84
Number of live fetuses 149420 1444 1.9
Viability index of fetuses (%)8 93,90+ 4.64 93.45 4684
Live fetuses
Sex ratio® 0.464 4 0.153 0.450 + 0.125
Body weight (g)
Male 3.720 % 0.234 3.698 4 0.209
Fesnale 3552 0,191 3.568 £ 0.213
Placental weight (g) 0481 & 0.038 0.473 « 0.062

* Each value is the group mean % SD.

® =20 per group.

¢ [Number of implantation sites/number of corpora lutea]x 100,

4 Includes implantation sites and placental remmants.

¢ Includes macerated fetuses and dead term fetuses, .

! [Number of dead or resorbed embryos and fetuses/mumber of
implantation sites]x 100C.

E [Number of live fetuses/mumber of implantation sites]» 100.

» Number of male live fetuses/number of five fetuses.
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Fig. 1. Body weight during & 13-week toxicity study of MBP in rats. Each
vatue is the group mean, n = {0 per group.

in the 2000 mg/kg/day dose group between Days 14-56
compared with controls. This effect on body weight did
not occur in males at this dose and was not seen in the
period from Day 63 to the end of the study. A comparison
of group mean body weights of female animals from the
2000 mg/kg/day dose group with historical control body
weights does not show any treatment related decrease in
body weights compared with historical ranges (data not
shown).

The following statistically significant differences in
group mean body weight gain were observed between trea-
ted and control animals: in female animals of the 200 mg/
kg/day dose group, an increase on Days 84-91; in female
animals of the 2000 mg/kg/day dose group, a decrease on
Days 14-21; and in male animals of the 2000 mg/kg/day
dose group, an increase between Days 84 and 91. Differ-
ences observed in body weight gain between treated and
conirol animals were not consistent over time Or across
sexes and the changes did not occur in a dose-dependent
manner. Over the duration of the treatment period, there
was no statistically significant effect on body weight gain
of males or females (i.e., between Days 1 and 91).

3.3.3. Food consumption

Group mean food consumption for male and female
animals is shown in Fig. 2. No statistically significant dif-
ferences in group mean food consumption were observed
in male or female rats in the 200 mg/kg/day group com-
pared with their respective controls. Male animals in the
2000 mg/kg/day dose group exhibited a statistically signif-
icant decrease in group mean food consumption on Day
77, however this finding was considered anomalous and
pot biologically significant. In female animals in the
2000 mg/kg/day dose group, a statistically significant

Fig. 2. Food consumption during a 13-week toxicity study of MEBP in
rats. Each value is the group mean, # = 10 per group. i

decrease in group mean food consumption was observed
between Days 14 and 35 and on Day 49, which correlated
with the period during which these animals had statistically
significantly decreased body weights. In female animals,
food consumption was not statistically significantly differ-
ent between controls and the 2000 mg/kg/day dose group
from Day 56 to the end of the study. A comparison of
the food consumption from females of the 2000 mg/kg/
day dose group with historical controls does not show
any adverse treatment related effect on food intake com-
pared with historical ranges (data not shown).

3.3.4. Feed efficiency

In the 200 mg/kg/day dose group, statistically signifi-
cantly increased group mean feed efficiency was observed
in female animals between Days 84 and 91, and statistically
significantly decreased group mean feed efficiency was
observed in male animals between Days 21 and 28. In male
animals of the 2000 mg/kg/day dose group, statistically sig-
nificantly increased group mean feed efficiency was
observed between Days 84 and 91; however no differences
were observed in female animals of this dese group.
Because any differences in feed efficiency were inconsistent
over time and between sexes, and they did not occur in a
dose-dependent manner, these effects were not considered
adverse or treatment-related.

3.3.5. Ophthalmic ¢ffects
No adverse or treatment-related ophthalmic effects were
observed in any animals in any dose group.

3.3.6. Urinalysis :

Urinalysis results (Table 3) showed a dose-dependent
increase in group mean sodium and chloride excretion in
all animals. The values for sodium excretion, however,
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were well within the range of historical controls {i.e., male,
from 0.838 +£0.561 to 1.918 +0.300 mEqg/21 h; female,
from 0.681 40.212 to 1.613:+0.417mEq/21 h) and the
values for sodium excretion for the male and female con-
trol animals in this study were very low compared with
background (i.e., 0.513 £ 0.265 and 0.542 £ 0.213 mEq/
21 h for males and females, respectively). Similarly, values
for chioride excretion were well within the range of histor-
ical controls (ie., male, from 0.972 + 0.677 to 2.549 +
0.391 mEq/21 h; female, from 0.665=+0.374 to 2.056 +
0.445 mEq/21 h) and the values for chloride excretion for
the male and female control animals in this study were very
low compared with background (ie., 0.944 & 0.426 and
0.796 4- 0.288 mEq/21 h for males and females, respec-
tively}. Accordingly, the statistically significant differences
in sodium and chloride excretion values in the treated ani-
mals were considered to be attributed to unusually low
control values and not counsidered to be a biologically
adverse finding. No dose-dependent significant effect was

seen on potassium excretion in female rats and no signifi-
cant effects on potassium excretion were seen in male rats,

A statistically significant increase in urinary protein
excretion was noted in males and females of the 2000 mg/
kg/day dose group. A statistically significant increase in
uring specific gravity was observed in males of this dose
group. Urinary protein was detected qualitatively using
Multistix test paper. It is reasonable to suggest that the
gualitative determination of significantly increased protein
excretion in the urine with increasing doses of the protein
containing test article, MBP, may be due in part to the
excretion of protein and not damage to the kidney. This
is corroborated by a lack of change in organ weight or his-
topathology in the kidney.

3.3.7. Hematology

There were no statistically significant differences in
hematological values in any animals at any dose group
compared with controd animals (data not shown). In one

Table 3
Urinary findings in rats administered MBP for 13 weeks®
Parameter Males” Females®
Controt 200 mgfkyg 2000 mg/kg Control 200 mg/kg 2000 mg/kg
pH
6.5 0 0 ¢ 0 0 i
7.0 0 0 ¢ 1 8 1
7.5 0 0 0 2 2 2
8.0 0 ¢ 1 3 3 2
8.5 10 10 9 4 3 4
Protein
- ¢ 0 G 5 2 1
+ 7 4 1 5 7 &
+ 3 6 6 0 0 3
++ ¢ 0 3" 0 i 0
Glucose
- 19 9 10 10 i0 10
+ ¢ 1 0 0 0 0
Ketone bodies 10 10 10 16 i0 1¢
Urobilinogen (0.1 EU/dL)} 10 10 10 16 i0 1¢
Bilirubin 10 Hil 10 10 i0 16
Oceult blvod
- g i0 9 16 19 9
* 1 0 0 o 1
+ 0 0 1 0 ¢ 9
Specific gravity
1.011-1.020 0 i 0 0 ¢ 0
1,021-1.030 4 2 1 1 1 0
1.031-1.040 5 3 3 3 ¢ 4
1.041-1.050 1 4 3 4 8 4
>1.050 0 0 3" 2 1 2
Volume (mL/21 h} 1865271 18.30 + 5.97 19.05 + 6.54 1080 = 4.31 10.90 4 2.02 1140327
Na {mEq/21 h) 0.513 £ 0.265 .949 & 0.4647 1.183 £ ¢.3337 0.547 4 0,213 0.870 £ 0.267 0.882 £ 0.2617
K (mEq/21 h) 2.525 +0.701 2,858 + 0.722 3.078 £ 0.926 1741 4 .502 2.355 +0.392° 1.984 + 0.740
Cl (mEq/21 1) 0.944 = 0.426 1.355 £ 0.618 1.864 + 0.583" 0.796 & 0,288 1321 £ 0.348" 1335 % 0,443

® Each value is the number of animals (i.e., pH, protein, glucose, ketone body, urobitinogen, bilirubin, oceult blood, and specific gravity) or the group
mean + 8D (i.e., volume, Na, K, and Cl). Na, sodium; K, potasstum; Cl, chleride.

® = 10 per group.
T p 5003,
" ps00L
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male anima! in the 200 mg/kg/day dose group, a high
white blood cell count (i.e., 26,900/uL) and an increase
in segmented cells (i.e., 27%) was observed, however
this effect was considered anomalous and not treatment-
related because it was not dose-related or consistent across
SeXes.

3.3.8. Blood chemistry

Compared with the control group, there were no statis-
tically significant differences in blood chemistry values in
male and female animals in the 200 mg/kg/day dose group
or female animals in the 2000 mg/kg/day dose group. In
male animals in the 2000 mg/kg/day dose group, there
was a statistically significant differences in potassium con-
centration, compared with control animals, however, this
effect was not considered biologically significant because
it only occurred in males, there was no change in urine
potassium excretion values, and there were no abnormali-
ties observed in the kidneys or adrenals in these animals
(data not shown).

3.3.9. Necropsy and organ weights

There were no adverse treatment-related effects observed
in any animal at necropsy. There were no statistically sig-
nificant differences in absolute or relative organ weighis
in any animals at any dose compared with control animals
(data not shown).

3.3.]0. Histopathology

Histopathologic findings are presented in Table 4. No
treatment-related effects were detected from the histologi-
cal examination of organs. With the exception of one male

Table 4
Histopathological findings®

C.L. Kruger et al. | Food and Chemical Toxicology 45 (2007) 1301-1307

in the 2000 mg/kg/day group, a low incidence of hyaline
casts and cellular infiltration of lymphocytes were observed
in both control and treated male and female animals and
therefore, these findings were not considered to be treat-
ment-related. One male in the 2000 mg/kg/day dose group
exhibited evidence of slight renal alteration reflected in the
tubular epithelium with cellular infiltration of lymphocytes.
This finding is indicative of infection and not believed to be
treatment-related.

In sumnmary, female rats, having received an MBP dose
of 2000 mg/kg/day via gavage, exhibited decreases in body
weight and food consumption during the study; feed effi-
ciency during this period was not affected. The differences
in body weight were not observed on or after Day 63 of
administration, but were accompanied by a statistically sig-
nificant decrease in food consumption between Day 14 and
Day 49 (excluding Day 42). The differences in food con-
sumption were not observed on or after Day 56 of admin-
istration. In addition, recovery was observed for both food
consumption and body weight and observations for these
parameters were similar to ranges seen for historical con-
trols. These findings in body weight and food consumption -
were not observed in male animals of the 2000 mg/kg/day
dose group. Therefore, the statistically significant effects
noted for body weight and food consumption in female
animals of the 2000 mg/kg/day dose group were not con-
sidered to be treatment-related.

Statistically significant increases in sodium and chloride
excretion in the animals of the 2000 mg/kg/day dose group
were considered to be attributed to unusually low control
values and not considered to be a biologically adverse find-
ing. A qualitative determination of increased protein excre-

Female, control

Animal no. 151 i52 153
Right kidney: cast, hyaline - - -
Left kidney N N N
Female, MBP 2000 mglkg

Animal no. 351 352 353
Right kidney N N N
Left kidney N N N
Male, contral

Animal no. 101 102 103
Right kidney: cast, hyaline - - -
Left kidney: ceiluiar infiltration, lymphocyle - - -
Male, MBP 2000 mglkg

Animal no. 301 302 303
Right kidrey: cast, hyaline - - -
Cellular inftltration, lymphocyte - + -

Regeneration, tubular epithelium
Dilatation, tubuie

1eft kidney: cast, hyaline
Celluiar infiltration, lymphocyle
Regeperation, tubular epithelium

154 155 156 157 158 159 160
- —+ - ” - - -
N N N N N N N
354 355 356 357 358 359 360
N N N N N N N
N N N N N N N
104 105 166 167 108 109 110
- + - - - - -
- — - — o — —
304 303 306 307 308 309 310
- - - - - - +
- - - - - - +
" — - + - - -
- - - - - - +
- - -~ - - - o

% N, no abnormal findings; —, normal; -+, slight change.
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tion in the urine with increasing dose is attributed to the
excretion of protein from the test article, MBP, and is
not attributed to damage to the kidney. The conclusion
that the protein and electrolyte data are not indicative of
direct toxieity is corroborated by a lack of change in organ
weight or histopathology of the kidney. Accordingly, based
on this study, the no-observed adverse effect level
(NOAEL) of MBP in rats was 2000 mg/kg body weight/
day.

3.4. Mutagenicity

In both activated and pon-activated MBP-treated
plates, the average number of revertant colonies was less
than two-times the number of revertant colonies observed
in the negative control plates, at incubation concentrations
up to 5000 pg/plate (data not shown). Results from the
positive controls indicated appropriate sensitivity of the
test system. There was no MBP concentration-dependent
increase in revertants, and MBP-related inhibition of
growth was not observed. Based on these results, under
these testing conditions MBP was not mutagenic.

4. Discussion

Milk and products derived from milk, such as whey, are
widely consumed by Americans of all ages in the form of
fluid milk and as milk or milk-derived ingredients. MBP
1s a specific basic protein fraction derived from pasteurized
skim milk. It is intended for use as a dietary ingredient in
selected foods and beverages. Given that MBP is produced
from milk, the US population is continuously exposed to
the constituents of MBP through consumption of milk
and milk-containing foods.

As part of a safety determination of this ingredient,
MBP has been evaluated in a battery of toxicology tests,
including an acute oral toxicity study, teratology study,
subchronic oral toxicity study, and reverse mutation assay.
Results from these studies were consistently negative.
Based on the teratology and subchronic oral toxicity stud-
ies, the no-observed adverse effect level (NOAEL) of MBP
in rats was 2000 mg/kg body weight/day.
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