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Reference is made to twelve articles listed at
the end of this specification.

our studies showed that the humoral immune
response (number of plaque-forming cells formed in
résponse to sheep red blood cells) is significantly
higher in mice fed a 20g whey protein concentrate/100 g
diet than in mice fed formula diets of similar
nutritional efficiency containing 20g/100 diet of any
other type of commercially available semipurified food
protein, such as casein, soY, wheat, corn, egg white,
fish, beef protein, Spirulina maxima, Scenedesmus algae
proteln, or Purina* mouse chow [1i1.

We have further shown that the immunoenhancing
activity of dietary whey protein concentrate (WPC) is
related to greater production of splenic glutathione
(GSH) in the whey protein-fed animals during the oxygen-
requiring antigen-driven clonal expansxon of the
lymphocyte [2]. It was then theorized that this might
reflect the ability of the lymphocytes of whey protein
diet-fed mice to offset potential oxidative damage, thus
responding more fully to the antigenic challenge [3,4].
In fact, the capacity of a cell to recover from an
oxidative insult is considered to be represented by its
ability to regenerate intracellular stores of glutathione

(51-
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our studies also showed that administration of s-

(n-butyl) homocysteine sulfoximine, which reduces splenic

glutathione in half, significantly reduced the humoral

immune response of whey protein-fed mice. This was taken

as further evidence for the important role of élutathione
in the immunoenhancing effect of dietary whey protein
[2]-

Tissue glutathione concentration may be

increased by administration of gamma-glutamyl-cysteine.

Glutathione increased in the kidney by about 50%, 40-60
injection in mice,
The

minutes after subcutaneous (s.cC.)
returning to control values 2 hours later [6].
administered gamma-glutamylcysteine is transported intact
and serves as a substrate for glutathione synthetase [(71.

Advances in amino acid sequencing of food
proteins allowed us to investigate the occurrence of
glutamylcysteine groups in whey protein and the possible
relation to glutathione promotion. Indeed, whey protein
ine milk contains substantial amounts
of glutamylcysteine groups, unlike casein, which does not

increase tissue glutathione when fed to mice [1]. The
y in the

concentrate from bov

glutamylcysteine groups are located primaril
serum a}bumin fraction (six groups/molecule).
Glutamylcysteine groups are extremely rare in animal and
plant edible proteins. Extensive search of all available
data on amino acid sequencing of edible proteins reveals
that the Glu-Cys group with a disulfide link is indeed

limited to some of the whey protein, and to the ovomucoid
fraction of egg white which contains 2 of these groups in

a 30,000 mol.wt.molecule [8l.

our recent [8] data
e is highest in mice fed a dietary

further indicate that the

humoral immune respons
concentrate exhibiting the highest
more

f the

whey protein
solubility (undenatured conformation) and,

importantly, a greater relative concentration o

thermolabile bovine serum albumin (210%) and
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immunoglobulins. 1In addition, the mice fed this type of
whey protein concentrate exhibit higher levels of tissue
glutathione. The presence in the serum albumin fraction
of glutamylcysteine groups (rare in food protein) and the
specific intramolecular bond as related to the
undenatured conformation of the molecule are considered
to be key factors in the glutathione-promoting activity
of the protein mixture.

Recent experiments in Japan [91] showed that
spleen cells of BALB/cC male mice fed 25g of our
undenatured whey protein concentrate (WPC) (which we call
#"Immunocal®) per 100g diet for 4 weeks had an increased
immune response to SRBC in vitro and a higher content of
L3T4* cells (12.58 x 105+ 0.50) than mice fed an
isocaloric diet with 25g. pure casein/100g. diet (3.69 X
106 + 0.50). Similarly, the spleen L3T4t /LYt - 2% ratio
was 1.36 * 0.07 in undenatured WPC fed mice and 0.55 %
0.07 in casein-fed controls (P <0,001).

Materials an e s

The whey protein concentrate (WPC) used in the
examples was in undenatured form prepared from milk
treated in the most lenient way compatible with accepted
standards of safety with regard to bacterial
contamination. The extremely high solubility index
jindicates that the proteins present are essentially
undenatured, hence demonstrating the 1lineancy of the
ultrafiltration process [8]. Although the proteins
contained in the concentrates from the other commercially
available sources examined were mostly in undenatured
form, as indicated by the relatively high solubility of
the concentrates, the content of serum albumin and
immunoglobulins in these mixtures is below the 1level
apparently necessary to produce a significant biological
activity [8]. These very thermolabile proteins are
denatured, hence precipitated and partially lost from
whey when high pasteurization temperatures are utilized.
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Conversely, the relatively high concentrations of the

thermosensitive serum albumin and
resulting from the low degree of pasteurization of milk
in our WPC, may reflect more closely the pattern of raw
milk. These data lend support to the hypothesis that the
thermolabile Glu-Cys containing proteins such as serum

albumin in undenatured conformation are crucial elements
for the biological activity of whey protein concentrate.

The bovine whey protein concentrate (WPC) was
nService de recherche sur les

immunoglobulins

especially prepared by the
aliments du Ministere de l‘'agriculture du Quebec®™ in St-

Hyacinthe, Quebec, Canada, with the following
characteristics: pure protein content 75% (the rest
mostly lactose, some fat and moisture); solubility
index: (ph 4.6);99.5%. Protein composition as % of total
whey protein measured by polyacrylamide gel
electrophoresis [8] was: beta-lactoglobulin 59.1 * 4.0;

alpha-lactalbumin:6.6+ 0.7; serum albumin: 9.7 % 1.0;

immunoglobulin 24.6 % 2.6 (mean + SD). The solubility

index should preferably be above 99%.
The serum albumin of about 10% of the total

rotein was almost twice the corresponding value
whey protein

It is believed

whey p
found in _ other commercially available
concentrates that have been examined.

that a serum albumin level 2 10% is highly advantageous

to improving the immune system.
Serum albumin includes a substantial amount of
e which is a substrate for glutathione

The role of glutathione is
of

glutamyl cystein
synthesis in the body.
discussed in detail in

Undenatured Dietary Whey Proteins:
296 - 309, 1991,

nThe Biological Activity
Role of Glutathione",

Clin.Invest Med 14:

e range of about 25 to 30%

Immunoglobulin in th
Pasteurization

of total whey protein is also important.

at 72°C for 13 seconds resulted in an immunoglobulin
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We have found it possible to achieve a

14 * 1% with milk

level of 28 * 2%.
serum albumin 1level as high as

pasteurized 72°C for 13 seconds.
Upon bacteriological analysis no staph,

salmonella, B cereus, or E coli were isolated in either
the WPC prepared by the nService de recherche sur les
Aliments due Ministere de l'agriculture du Quebec™ or in

the sample pasteurized at 72°C. for 13 seconds.
The method used to prepare the WPC used in the

examples is schematically described below in Table 1.
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IABLE 1
SCHEMATIC REPRESENTATION OF THE PROCESS TO PRODUCE

OUR UNDENATURED WPC PRODUCT
Raw milk

i

Skimmed at 35°C - cream

4
Skimmed milk pasteurized at 63°C for 30

minutes.

$
At 38°C: Addition of rennet (20 ml/100 kilos), allowing
the agitation to resolve at low speed.

{ - curd

¥hey

i
Filtered with cheese cotton to remove debris.
i
At 40°C: Ultrafiltration

membrane,' cut off 50,000,
2).

(Romecon* UFSI, polysulphone
pore diameter 0.06 inch,

surface 2-3 m

Diafiltration to wash out salts and lactose.

Wwhey Protein Concentrate
4
At 40°C: Lyophylization.

Wwhey Protein Concentrate Powder

* Trade Mark
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30 ml of heparinized blood are used to
determine the glutathione content of blood mononucleated
cells. Counted mononuclear cells are resuspended in
phosphate buffered saline adjusted so that thefe are 107
cells per tube. After centrifugation 900 pl of water is
added to the pellet to lyse all the cells. To each
aliquot is added 30% sulfosalicylic acid for a final
concentration of 3% in 1 ml. After 15 minutes
incubation, the samples are centrifuged, and the clear
supernatant is used for the biochemical assay according
to the method of Anderson [11]. Values are expressed as
nanomol (nMol) of GSH/107 cells. Blood lymphocyte
subsets are determined by flow-cytometry.

The total serum protein, including the albumins
and the immunoglobulins is determined by the Biuret
method. The 1level of Immunoglobulin A (Iga),
Immunoglobulin G (IgG) and Immunoglobulin M (1gM) are
measured by immunonephlometry.

scriptio io amples

There are two important subsets of lymphocytes
in the blood; (1) CD4, also called T-helper cells,
because they help in the immune response and (2) CDS8,
also called T-suppressors because they have the opposite
effect, i.e. they suppress the immune response. In HIV-
seropositive individuals the number of CD4 (helper) cells
is low, i.e. the ratio CD4/CD8 is down.

The object of this invention is to elevate the
ratio of T helper cells to T suppressor cells. This is
accomplished by the administration of undenatured whey

protein concentrate.

The amount administered should be in the range
of about 8 to 40 grams daily and preferably 20 to 40
grams daily. It is particularly beneficial to the
glutathione level to administer 30 to 40 grams daily.
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As more fully described in Canadian Application Serial

No. 597,956, filed April 27, 1989, raising the

glutathione level is beneficial to the immune system

EXAMPLE 1

A whey protein concentrate as previously

described was administered to 3 male HIV-seropositive

individuals identified in Table 2 as A, B and C. The

product was drunk cold daily in a liquid chosen by the
patient. Originally a fourth patient D was included but
he took the WPC sporadically for lack of discipline and
none during the final days of the study. He therefore
has been classified in Table 2 as a control. the other
controls are E and F.

The daily intake of WPC was increased step-
During the first three weeks 8.4 grams were
in the following three weeks 19.6 g, in
and 39.2 grams in the

wise.
prescribed daily,
the next three weeks 28 grams,

final three weeks.

The observations made are shown below in Table

2.
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In Table 2:
CD 4% means the percentage of CD4 (helper cells) of
the total lymphocytes in the blood.
Helper absolute refers to the real number of CD4
cells per unit of blood (X 103 per microliter (ul))
cD4/CcD8 refers to the ratio of the two types of
lymphocytes in the blood, i,.e. the T-helper cells and

the T-suppressor cells.
Total refers to the total amount of protein in the

serum which includes the albumins and the imunoglobulins.

IgA means Immunoglobulin A

IgG means Immunoglobulin G

IgM means Immunoglobulin M

The data in Table 2 and other information gathered
during the course of the work indicates the following.

Three patients took the undenatured WPC daily for
the 3-month period without any adverse side effects. 1In
all these patients body weight increased progressively
(from 2 to 7 kilos): and in fact two of them (C and B)
reached ideal body weight. Serum proteins, including
albumin, remained unchanged and within normal range,
indicating that protein replenishment per se was not
likely the cause of increased body weight.

In all three of these patients the blood T-
helper cells concentration and the T-helper/suppressor
ratios were moderately but consistently higher during the
study than before undenatured WPC administration.

The blood mononuclear cells glutathione content
was, as expected [10], below normal values in all
patients at the onset of the study. Over the three-month
period, however, glutathione levels increased and in one
case (B) rose by 70% to reach normal value.

Systemic glutathione deficiency in symptom-free
HIV-seropositive individuals [10] at page 1297 presents
the re-establishment of normal extracellular
concentrations of glutathione as an unsolved problen,
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because GSH administered intravenously has a half life
of only 1-6 minutes. This problem is however solved in
accordance with this invention by the administration of
undenatured WPC.

These objective changes were accompanied by a
markedly improved sense of well being in all three
patients.

It is noteworthy that one patient over-
concerned that the beneficial increase in body weight
could hamper his lean appearance, drastically reduced
energy and undenatured WPC intake during the second
period of study. (C, Table 2). During this time body
weight increase was reduced, and glutathione and T-helper

cells failed to rise.
As indicated earlier, patient D. considered as

control for his total lack of submission to the protocol,
exhibited a drop in body weight, T-helper/suppressor
ratio and glutathione on the 6-week end point and did not
show up for the 1l1l2-week appointment. The other two
controls (E. and F.) exhibited weight loss and no change
in GSH levels.

The example indicates that whenever patients
essentially maintained their energy intake at pre-study
levels with only minor reductions in the prescribed WPC
intake, body weight increased and specific HIV indicators
such as a blood cell glutathione, T-helper cells
concentrations and T-helper/suppressor ratios were all
moderately higher during the WPC administration.

The positive effects of undenatured WPC
observed in this very limited number of HIV-seropositive
individuals acquires significance if viewed on the
background of a large number of animal experiments
showing increased cellular GSH and immune response by our
WPC [1,2,8,9]. Animal studies emphasize the fact that
the immunoenhancing effect of undenatured WPC is not
related to a greater systemic nutritional efficiency,
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when compared to several other protein sources with
efficiency but no significant

Mice fed undenatured WPC did not

similar nutritional

biological activity.
exhibit increased body growth nor any changes’ in serum

protein levels. Similarly in our patients undenatured

WPC did not produce any change in serum proteins which

remained constant throughout the study. The increase in

body weight observed in our patients did not correlate
with increase in energy or protein intake throughout the
study period but rather with improved sense of well being
and HIV specific blood parameters. The extra protein
intake through the undenatured WPC was generally
compensated by reduced intake of protein from other

sources.
The presence of glutamylcysteine groups in the

serum albumin component of the whey protein concentrate

is considered to be a key factor in the glutathione-
promoting and immunoenhancing activity of the protein
our laboratory studies

mixture of the undenatured WPC.
from other

that whey protein concentrates
significant biological

similar nutritional

indicate
sources, did not produce
activities while exhibiting
The percent serum albumin concentration in

efficiency.
these products is (as mean % SD) respectively: 4% 1 in

Promod* (Ross Laboratories), 4+ 0.1 in Alacen* 855 (New

gealand Dairy), 4.8+ 0.1l in Sapro* (Saputo, Montreal), 4z 1
in Savorpro* - 75 (Golden Cheese, CA), 54\ 1 in Bioisolate*

[8] and 4.3+ 1 in Promix*
the content of the other

as about half the value

(Lesueur Isolates, Minneapolis)
(Dumex, Quebec). Similarly,
thermolabile protein, immunoglobulin,

of the undenatured WPC used in this study)

jndicate that undenatured whey

The results
fuel for glutathione

proteins by providing specific

* Trade Mark



