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The acute effect of bovine whe protein fractions on blood glucose and insulin in rats
Erik VanDenboer
Master of Science in Applied Human Nutrition, 2021
Department of Applied Human Nutrition
Mount Saint Vincent Universit

The ingestion of whe protein (WP) leads to the reduction of postprandial blood glucose (BG)
response paralleled with an increased level of insulin. However, the role of individual WP
fractions: gl comacropeptide (GMP), B-Lactoglobulin (B-LG), and a-Lactalbumin (a-LA) remain
unclear. The objective of this stud was to investigate the effect of WP, GMP, B-LG, and a-LA on
BG and insulin response in rats. We h pothesized that due to the difference in their amino acid
profile the effect of WP fractions on short-term BG control ma differ. Methods: A randomized
repeated measures stud was conducted in rats fitted with jugular vein catheters and vascular
access buttons (VAB). Nine male 10-week-old 275-300g Wistar Han rats were gavaged 350mg
(allometricall scaled from a human dosage of 10g) of either intact WP, GMP, B-LG, a-LA, or a
glucose control dissolved in 3ml of water after being fasted for 6h during da light. The use of a
VAB allowed for the same rat to receive all five treatments in a random order, witha 4 h
washout period between treatments. Blood was collected at 0, 15, and 30 min for insulin, and
at 0, 15, 30, 60, 90, and 120 min for glucose. Whole blood was anal zed for glucose using a
HemoCue 201 Glucose Anal zer, and plasma was anal zed for insulin using a wide range ELISA.
The data were tested for normalit and anal zed using Two-Wa Repeated Measures ANOVA
for the effect of time, treatment, and a treatment b time interaction. The data for the area
under the curve (AUC) for 2h BG and 30 min insulin were anal zed with One-Wa Repeated
Measures ANOVA. The differences between the treatments were assessed with Tuke -Kramer
post hoc test. Results: There was an effect of treatment (P<0.0001), time (P<0.0001) and a
treatment b time interaction (P<0.0001) over 120 min on BG response. Whe protein, GMP, B-
LG, and a-LA resulted in significantl lower BG compared to glucose treatment at 15 and 30 min
(P<0.05). Blood glucose AUC over 120 min was lower for WP, GMP, and a-LA compared to
glucose treatment (P<0.05). There was an effect of treatment (P=0.02), time (P<0.0001) and a
treatment b time interaction (P=0.0002) on insulin response over 30 min. GI comacropeptide
had a lower insulin response at 15 min compared to glucose and B-LG (P<0.05). Insulin AUC
over 30 min was lower for GMP and a-LA compared to the glucose treatment (P=0.003).
Conclusion: At the dose of 350mg WP, GMP, B-LG, and a-LA attenuated BG response at 15 and
30 min, while onl WP, GMP, and a-LA attenuated AUC over 120 min compared to the glucose
control. GMP attenuated insulin response at 15 min compared to B-LG and the glucose control,
and GMP and a-LA attenuated AUC over 30 min compared to the glucose control. This data
suggest that WP fractions possess unique properties not observed in WP. Supported b the
Natural Sciences and Engineering Research Council of Canada.
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Chapter 1: Introduction

T pe 2 Diabetes (T2D) or diabetes mellitus is a heterogeneous metabolic disorder of
h pergl cemia due to insufficient insulin secretion, resistance to insulin action, or a
combination of both and is the current 7" leading cause of death globall (1,2). While incidence
in Canada has remained fairl consistent, prevalence is increasing due to a growing population

and increased life e pectanc (3).

While lifest le interventions and medication are useful in dela ing progression from pre-
diabetes to T2D, the have proven unable to effectivel lower long-term incidence and
prevalence, and alternative forms of treatment ma prove beneficial (4). E perimentation using
milk proteins (casein and whe ) have proven promising in their anti-h pergl cemic effects, et
there is currentl insufficient research to make recommendations for their use (5). This
research gap ma be partl addressed b this stud ’s goal of e ploring the short-term blood
glucose control effects of various milk protein fractions, as the mechanism and efficac of
specific protein sub-fractions aiding normogl| cemia regulation is unclear. Understanding the
ph siological processes involved in the regulation of blood glucose in response to ingested food
ingredients with biological activities ma provide direction for the development of therapeutic

food products aimed at improving blood glucose control.



Chapter 2: Literature Review
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Typ 2Dt sM Il tus$

T pe 2 Diabetes mellitus (T2D) occurs when insulin is not produced in sufficient quantities
and/or the bod is unable to properl use it due to insulin resistance, resulting in chronic

h pergl cemia, subclinical inflammation, and long-term microvascular damage affecting the

e es, kidne s, and nerves, and dramaticall increasing the risk of cardiovascular disease (6— ).

2.1.1Cl ssfct n

There are three major classifications of diabetes: T pe 1 Diabetes (T1D) (~10% of cases), T2D
(~90% of cases), and Gestational Diabetes (GD) (<1% of cases), and a fourth minor classification
of other specifict pes, which result from a m riad of reasons (e.g., genetic defects of B-cell,
genetic defects in insulin action, rate forms of immune-mediated diabetes, etc.) (6,9). T pe 1
Diabetes, formerl known as insulin-dependent diabetes occurs when the pancreas is unable to
produce insulin and thus regulate plasma glucose (6). Destruction of B -cells occurs from cellular
mediated auto-immune d sfunction (6). T pe 2 Diabetes, formerl known as insulin-
independent diabetes, occurs when the bod loses sensitivit to insulin action and eventuall
increased production is unable to compensate (6). Gestational Diabetes occurs during

pregnanc and usuall resolves after pregnanc though T2D can develop (6).

10



2.1.2D tsMIltusOvrv w

More than 130 genetic variants associated with t pe 2 diabetes, glucose levels, or insulin levels
have been identified, however, the account for less than 15% of T2D heritabilit (10,11). This
suggests that modifiable and non-modifiable risk factors, environmental risk factors,
heterogeneit , gene-gene interactions, and epigenetics all contribute to T2D pathogenesis (12).
The two major non-environmental modifiable risk factors are insufficient e ercise and
metabolic s ndrome, which is at least three of following five: (1): elevated blood pressure ( 2
130/ 5 mmHg,) (2): an elevated fasting trigl ceride level (> 1.7 mmol/L), (3): a decreased high-
densit lipoprotein cholesterol level (< 1.03 mmol/L for men and < 1.30 mmol/L for women),
(4): an elevated fasting glucose level (> 6.1 mmol/L), and (5): abdominal obesit (waist
circumference > 102 cm for menand >  c¢m for women) (13—-15). Major non-modifiable risk
factors are a histor of h pergl cemia, prediabetes and/or gestational diabetes, famil histor ,

ethnicit , and age (14).

While the e act pathogenesis of T2D remains unclear a combination of genetic and
environmental factors resulting in a worsening feedback c cle of impaired insulin sensitivit and
a corresponding loss of B-cell function and mass appears to be a probable cause (16,17). B-
cells are a central component of T2D, as impaired B-cell function in relation to increased insulin
resistance is ultimatel responsible for T2D. B-cells, located in the pancreas inside islets of
Langerhans, regulate blood glucose through the production and secretion of insulin. Glucose is
transported inside B-cells b , primaril , Glucose Transporter (GLUT) 2 through facilitated
diffusion (1 ). This eventuall results in an increase of ATP inside the B-cell through the
metabolic breakdown of glucose eventuall resulting in o idative phosphor lation (19). The

11



increased amount of ATP inhibits ATP-sensitive potassium channels, which results in
depolarization of voltage-dependent calcium channels resulting in increased calcium inside the
B-cell (19). This increased calcium results in insulin secretion through calcium-mediated Insulin
e oc tosis (1 ). While B-cells are able to temporaril alleviate decreased insulin sensitivit
through increased insulin secretion, due to an increase in mass, this is a temporar stopgap as

B-cells will eventuall fail to be able to meet insulin demands (16).

B-cell d sfunction results in progression from normal glucose tolerance to impaired glucose
tolerance (pre-diabetes), which is a strong predictor for development of T2D (20,21). Glucose
tolerance status is mainl determined b postprandial first phase insulin secretion (~10 min
duration), however both first-phase insulin secretion and second-phase insulin secretion (~2-3
hours postprandial) are impaired in these tissues (22—24). Impaired glucose tolerance can
progress to T2D within as little as a 3- ear time frame as insulin response begins to deteriorate
at a quicker pace (25). However, B-cell d sfunction often begins as earl as 12 ears before T2D
diagnosis (26). Insulin resistance is normall compensated for b an increase in insulin secretion
and/or an increase in B-cell mass (27). Unless steps are taken to improve insulin sensitivit
eventuall insulin resistance will worsen to the point where even a state of h perinsulinemia is
incapable of effectivel causing the uptake of glucose b tissues, and will itself worsen insulin
resistance (2 ). This deterioration of glucose-uptake function compounds into a cascade as
increasing B-cell d sfunction causes chronic inflammation of the pancreatic islets further
increasing d sfunction of B-cells and worsening insulin resistance (29). However, the

d sfunction of B-cells is not total d sfunction, but rather limited to glucose-insulin interaction

12



as B-cells can still appear to retain their abilit to respond normall to amino acids and other

hormones (30).

Insulin resistance often develops due to an increase in visceral fat and ectopic fat deposition in
the liver and muscles (31,32). While the specific reason for insulin resistance has et to be
elucidated chronic inflammation appears to pla a ke role in disrupting pathwa s of insulin
action. This ma be through a process of failure of adipose tissue to sufficientl store fat
resulting in in pro-inflammator mediators contributing to insulin resistance being released and
free fatt acids being taken in b both skeletal muscle and the liver (33,34). E cess fat stored in
skeletal muscle and the liver also promotes inflammation which further contributes to insulin
resistance (33). Free fatt acids themselves ma have a role to pla earl onininsulin resistance
as saturated fat can impact h pothalamus regulation and cause d sregulation between hunger
and satiet cues matched to bod energ requirements (35). H pothalamus d sregulation
results in increased weight gain through fat storage, which ma be the triggering event in the
insulin resistance cascade, and thus a diet high in saturated fat, such as a “Western St le Diet”
(high fat, high carboh drate, low protein, high amounts of red meat, and high amounts of

processed food) ma potentiall pla aleading role in T2D progression (34,36).

The specific amount of bod fat that can lead to T2D differs b individuals, but a Bod Mass
Inde (BMI) > 30 km/m* or abdominal obesit (waist circumference >102 cmin menand cm
in women) are primar risk factors (37). However, the fat threshold of when visceral and
ectopic fat accumulation begins to cause insulin resistance is individualized and can occur at
BMIs and waist circumferences both above and below these cutoffs (31). Weight loss has been

shown to improve insulin sensitivit , though it appears less effective in long-standing T2D (3 ).
13



Ph sical activit has also been shown to increase insulin sensitivit (39). Currentl there is
conflicting evidence on whether increased ph sical activit without weight loss is effective in
increasing insulin sensitivit (39). While BMl is not t picall used in athletes as a measure of
health due to high levels of ph sical activit and muscle mass American Football Linemen and
Sumo Wrestlers are two unique t pes of athletes as high bod weight is essential for increased
athletic performance, however, there is a striking difference between the two, as metabolic

s ndrome in sumo wrestlers is relativel uncommon while in American Football Linemen is it
quite pronounced (40,41). Bod imager of Sumo Wrestlers shows minimal abdominal visceral
fat and mainl subcutaneous fat, and while bod imager of American Football Linemen has not
been studied based upon the high prevalence of metabolic s ndrome it can be assumed that
visceral fat deposition ma be more pronounced (40). While both t pes of athletes have
strenuous ph sical e ercise routines and ver high dail caloric consumption (>5000 calories)
the e act reason for the pronounced differences is unknown though dietar composition ma

pla arole (40,41)

While, still unclear, a possible progression of the development of T2D ma follow this course:
(2): first-phase insulin response is negativel affected as B-cell function fails to respond
adequatel to increasing insulin resistance (B-cell function will continuall decrease over time,
though the rate can be slowed significantl with treatment), (2): normal glucose tolerance
progresses to impaired glucose tolerance as impaired B-cell function is still unable to
adequatel respond to insulin resistance, (3): acute insulin response is further degraded as B-
cell function continues to decrease and T2D develops, (4): anti-h pergl cemic medication is

started, (5): gl cemic control on medication is lost, and (6): uncontrolled diabetes continues to

14



degrade B-cell mass and function and glucoto icit (e cessive glucose in the blood) and

lipoto icit (e cessive fatt acids in the blood) increase the risk of other chronic diseases, with
death from cardiovascular disease being the most probable outcome (24,29,42). While this
progression often takes decades, and ma be possible to effectivel manage with a

combination of nutrition and e ercise interventions alone, medication is usuall required (43).

While the ingestion of glucose results in insulin-mediated glucose transport to cells for use
insulin works within a cadre of blood glucose regulating hormones (44). Decreasing blood
glucose concentrations triggers pancreatic a-cellsto produce glucagon, which has an
antagonistic effect to insulin and causes the liver to start releasing glucose from stored

gl cogen (44). Glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic

pol peptide (GIP) are two gastrointestinal-secreted hormones known as incretins released in
response to oral glucose intake that result in insulin secretion two- to three-times higher than
via intravenous glucose administration alone (45,46). GIP and GLP-1 bind to their matching
receptors in B-cells increasing the level of ¢ clic adenosine monophosphate, which has a

s nergistic effect on cellular insulin secretion (47). People with T2D frequentl have impaired
e pression of GLP-1 and GIP in response to glucose intake furthering hindering B-cells abilit to
function in the presence of insulin resistance (45). GLP-1 and GIP are regulated b dipeptid I-

peptidase-IV (DPP-4) and DPP-4 inhibitors are regularl used in the management of T2D (4 ).

Overall, diabetes is increasingl becoming a fatal disease itself as it is currentl ranked as the 7"
global cause of death and has increased globall b over 30% since 2006 (49). In addition to
this, the strong associations between h pergl cemia and the risks of cardiovascular events (e.g.

m ocardial infarction and stroke), microvascular events, and peripheral neuropath make the
15



development of treatment options a primar goal (42). GI cemic control medications such as
metformin, sulfon lureas, or insulin initiall prove effective in lowering A1C (gl cated
hemoglobin) and FPG (fasting plasma glucose), but over time (t picall 4 to 10 ears) additional
therap can be required, with almost half of people living with T2D needing additional
treatment within 6 ears of diagnosis (26). Despite the initial effectiveness of sole-medications
and later multiple-medications, managing weight gain must also be considered as sulfon lureas,
thiazolidinediones, and insulin are associated with weight gain, whereas metformin and am lin
analogs are weight neutral or associated with weight loss (50). The inabilit of medications to
stop the progression of B-cell d sfunction and the increased risks of weight gain point towards
other forms of treatment needing to be developed, such as dietar based interventions, which

ma be a safer and more permanent intervention (4).

2.1.3Typ 2D tsD nss

Diagnosis of T2D is based upon venous blood samples with a single positive test being
acceptable for diagnosis ( ). The four accepted wa s to diagnosis diabetes are: (1): a fasting
plasma glucose (FPG) = 7.0 mmol/L after at least eight hours of no caloric intake, (2): a gl cated
hemoglobin value (HbA1C) > 6.5%, (3): a two hour plasma glucose (2hPG) value following an
oral glucose tolerance test (OGTT) of 75 g of glucose = 11.1 mmol/L, (4): and a random plasma
glucose (PG) at an time of the da without regard to food intake 11.1 mm [/L( ). HbA1Cis
the preferred choice for diagnosing T2D as it can be measured at an point of the da without
regards to fasting, as is required in a FPG test, or waiting, as is required in a 2hPG test, and is a
reflection of the average PG over two to three months removing an potential da -to-da
variabilit ( ).
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Table 2.1: Normal, Pre-diabetes, and T2D Blood Test Parameters( )

Blood Test Normal Pre-diabetes 12D

FPG < 6.1 mmol/L 6.1 -6.9 mmol/L > 7.0 mmol/L

HbA1C <6.0% 6.0% - 6.4% >6.5%

OGTT <7. mmol/L 7. -11.0 mmol/L >11.1 mmol/L

PG Unclear, further testing at health >11.1 mmol/L
professional’s discretion if close to T2D cutoff

P'HSH& "1 ()*+", "> . /10&)1" . ", )2-#

Epigenetic changes (changes to gene e pression that do not involve DNA changes) appear to be
at pla in T2D risk; while there is a genetic component to T2D etiolog , loci variation can onl

e plain 10 — 15% of the hereditar component (20,51). The majorit of the appro imatel 100
loci that have been identified in influencing T2D development alter pancreatic islet function and
not the insulin signaling pathwa (52). This is supported b e perimentation as meth lation of
genes involved in pancreatic islet function in both clinical and animal studies results in either

reduced or silenced e pression, hindering B-cell function (53-56) .

B-cell and a-cell mass are regulated in balance together through adolescence into adulthood
and e ternal factors such as inadequate protein or caloric intake have been found to impair B-
cell differentiation (57). This is notabl seen if malnutrition occurs during pregnanc resulting in
reduced birth weight, as this can lead to permanent changes in pancreatic development and
predispose an adult to T2D (5 ). This appears to be potentiall independent of weight later on
in life as BMI was found to not be protective for T2D risk as for black women born with a low

birth weight (<1500 g) (59). While a low birth weight is strongl associated with T2D risk
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malnutrition during adolescence also appears to increase T2D risk as, short leg length, a marker
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Perhaps the most striking evidence for lifest le epigenetic changes is in population groups,
such as the Kitava of Papua New Guinea or the Xingu people of Brazil that, predominantl , live
outside of a modern lifest le. These hunter-gather and horticulturist populations, respectivel ,
have significantl lower fasting insulin levels and improved insulin sensitivit at an older age

compared to populations that follow a modern lifest le (69,70)

19



is impaired, it has been shown that a diet containing as much as 10% of total calories from
sugar ma not negativel affect HbAlc in people with normogl cemia (74,75).
P"OIB0& "t V() > +", " -i* L Lh <%, ) 24=<K

Allostatic load (the wear and tear on the bod caused b homeostatic adaptation processes in
response to stress caused b a m riad of sources) results in the progression of beneficial short-
term stress adaptation processes, such as adrenalin and cortisol secretion, becoming harmful as
short-term stress adaptation processes become long-term (76—7 ). While intermediar
outcomes such as h pertension, obesit , prediabetes, and blood lipid levels are all significant
risk factors for developing T2D, the are impacted b various risk factors or e posure, which are
themselves impacted b various environmental factors (79). Health services, ph sical activit
resources, the safet -violence paradigm, access to amenities (e.g. grocer stores and recreation
centres), walkabilit , urban sprawl, neighborhood condition, public transport access, and
amount of green space are all environmental determinants that modulate risk factors or

e posures based upon availabilit and/or access (79). These environmental determinants in
turn ma result in risk factors such as: ph sical inactivit , unhealth diets, increased stress,
inadequate sleep, fear, and isolation, and e posures such as: air pollution, noise pollution, and
e cessive traffic (79). Current recommendations for minimizing risk and treating T2D focus
primaril upon modif ing intermediar outcomes (h pertension, obesit , prediabetes, and
blood lipid levels) through encouraging positive diet changes and increased ph sical activit

( 0). While these changes are certainl beneficial it should be recognized that the inherent

individualistic nature of the western model of health ma be more effective at reducing
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incidence of T2D though treating root causes (i.e. environmental determinants) through a social
model of health ( 1).

SEQ*+", "-42,<+7%; 0

Diabetes is becoming an increasingl global concern as 75% of people living with diabetes live in
low- and middle-income countries (LMIC) ( 2). Estimates for individual t pes of diabetes do not
e ist, however 90% of cases of diabetes are believed to be T2D (49). Data from 111 countries
places the estimated persons living with diabetes globall at 415 million in 2015; with this

e pected to increase to 642 million b 2040 ( 2). A larger stud pooling 751 studies and over 4
million adults from 146 countries found age-standardized diabetes prevalence rates to have
increased from 4.3% in men and 5.0% in women 19 0to 9.0% in men and 7.9% in women in
2014 ( 3). This group determined that the number of adults with diabetes globall has risen
from 10 million in 19 0to 422 million in 2014 due to a rise in prevalence, a rise in population
growth, and arise in life e pectanc (49, 3). Globall age-standardized diabetes prevalence in
adults has either remained the same or worsened in ever countr , with the burden especiall
affecting LMIC ( 3). While in Western Europe incidence has remained fairl consistent and
prevalence has increased due to population growth and increased life e pectanc , in lower
income countries both prevalence and incidence have increased with age-standardized

prevalence in adult American Samoans being the highest at over 30% ( 3).

Diabetes resulted in a global 1.5 million deaths in 2012 and uncontrolled blood glucose resulted
in another 2.2 million deaths through increased disease risk, primaril cardiovascular (49). Over
40% of these deaths occurred before the age of 70, with LMIC having the highest rates of

diabetes death before the age of 70 ( 4). This is caused b a m riad of factors, and treatment
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ma be directl impacted b the wide variation in cost for treating diabetes b countr and
area-within-countr ( 4, 5).
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While inadequate data makes historical comparisons difficult the prevalence of diabetes in
Canada has been slowl but steadil increasing in Canada since at least the 1990s with 3.4% of
Canadians 1  ears or older having T2D in 1994 compared to 4.5% in the 2000 and 7.5% in
2011 ( 6). While this can partiall be e plained b a diagnostic change in the FPG cut-off point
for diabetes diagnosis from 7. mmol/Lto 7.0 mmol/L and b increased testing as awareness of
T2D increases( 7) T2D prevalence continues on an upwards trend. In 2013 an estimated 3.0
million Canadians ( .1%) lived with diagnosed diabetes (all t pes) (3). In 2016, 7.0% (~2.1
million) of Canadians 12 ears or older had diabetes compared to 7.3% (~2.3 million) in 2017
(, 9).Projections made in 2012 estimated 3.7 million Canadians would have diabetes b the
2019 (90). These figures are for onl diagnosed cases and do not account for the undiagnosed

cases of diabetes, which were estimated to be 450,000 in the 2009 (90).

While the prevalence of diabetes has been increasing, age-standardized incidence has
marginall decreased from 6.7 per 1000 in the 2004 ear to 6.3 in the 2014 ear (90). Reduced
earl mortalit in people living with diabetes has resulted in greater morbidit ; in 2010 over
35% of Canadian adults with diabetes had two additional chronic conditions, and those 20-49

ears old saw a ph sician twice as often as those without diabetes (90,91). While diabetes itself
does not result in death, it increases the risk of other diseases, especiall cardiovascular

disease, as ~70% of all people with T2D will die from cardiovascular disease (90,92). These
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complications and their corresponding increased medical s stem requirements is estimated to

result in a cost of $15.36 billion over the 10- ear period of 2012 to 2022 (93).

T2D is a multifaceted problem and needs a multifaceted care plan including lifest le interventions
and medications, however, the development of new nutritional interventions using food
ingredients offers a novel wa to reduce postprandial gl caemia and ma reduce the economic
burden of diabetes on societ .
1"BiC;<</#?;52<-"#D"15;*,)<.#

2.71Glucs Tr nsprtt n

Glucose transport proteins (GLUT) transport glucose into insulin-sensitive cells (94). GLUT1 and
GLUT3 are insulin-independent, while GLUT 4 is insulin-dependent (94). GLUT2 is e pressed in
B-cells and liver cells and serves as a transporter for glucose and also acts as a plasma glucose
concentration sensor (95). As plasma glucose rises uptake b GLUT2 increases resulting in
greater secretion of insulin (96). GLUT3 is mainl found in nerve tissue, especiall the brain (95).
GLUT4 is mainl found inside muscle and adipose tissue and in the presence of insulin
translocates to the cell membrane resulting in the uptake of glucose (94). Insulin resistance ma

potentiall be caused b errorsin GLUT4 e pression.

GLUT1 mediated glucose transportation results in glucose phosphor lation b he okinase |,
while GLUT4 mediated glucose transportation results in glucose phosphor lation b he okinase
I (97). He okinase | phosphor lation results in a glucose 6-phosphate that can be used in the
he osamine pathwa , which negativel affects GLUT4, resulting in decreased insulin-dependent
glucose transport (94). While both GLUT1 and GLUT4 are necessar for proper glucose control,

overe pression of GLUT1 or reduced e pression of GLUT4 can both reduce insulin sensitivit
23



resulting in a greater risk of h pergl cemia (9 ). This has been observed in obese and T2D
patients who have reduced GLUT4 mediated transportation (9 ). It appears that GLUT4
e pression is mainl decreased in adipose tissue, possibl from o idative stress, whichma be a

triggering point for the development of insulin resistance in obese individuals (99,100).

2.7.21Insulns a t n

Insulin undergoes several stages of modification to arrive in its final form starting with cleavage
of preproinsulin to proinsulin inside of B-cells (101). Proinsulin is composed of a 21 amino acid
A chain, a 30 amino acid B chain, and a 30-35 amino acid C chain (102). Proinsulin is transported
to the Golgi Apparatus where cleavage of the C chain results in the A and B chain forming the
dipeptide hormone, insulin, and the C chain forming c-peptide, which retains bioactivit ; insulin
and c-peptide are released in equimolar concentrations into the blood stream from the B-cell
(101). This equimolar secretion serves as a basis for e amining the effects of various nutrients
on hepatic insulin clearance, as ingestions of different foods ma result in similar insulin
secretion amounts but vastl different insulin concentrations due to altered insulin clearance
(103) This can result in much higher levels of insulin being present in the blood without
increased insulin secretion and a greater blood glucose attenuation effect as has been observed

in milk dair products (103-105).

2.7.3Insulnc ntr |

Insulin control mainl depends upon the content of circulating glucose, amino acids, and fatt
acids, as the are able to stimulate insulin secretion, however insulin secretion is also regulated

b awide variet of non-nutrient controllers such as glucagon, somatostatin, acet Icholine, and
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dopamine (101). Nutrient and non-nutrient controllers work both s nergisticall and
antagonisticall inaver complicated set of interactions that are not full understood to
effectivel control insulin secretion (101). B-cells abilit to regulate insulin secretion is critical in
both an e cess and deficienc of nutrients to prevent both h pergl cemia and h pergl cemia,
and this comple process, while centralized around glucose is a finel balanced act of control

among the millions of B-cells inside the millions of islets of Langerhans (106)

Insulin clearance is an important part of insulin control and predominatel occurs in the liver,
though the kidne s and muscle also contribute, where receptor-mediated uptake of insulin into
hepatoc tes for degradation occurs. Insulin has a short half-life (4-6 minutes) appropriate for
quick action in regulating blood glucose (107,10 ). Interestingl milk-based snacks appear to
reduce hepatic insulin e traction resulting in a longer-half life and greater reduction in blood
glucose than non-milk based snacks (103,109). $
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2.8.1 Dietary Carbohydrates

In the presence of d sfunctional glucose regulation carboh drates that are absorbed at a slower
rate are preferred due to a reduction in postprandial gl cemic fluctuation through reduced
insulin demands (110). The quantit of digestible carboh drate a food contains is affected b
various factors, including processing, ph sical form, fiber content, gelatinization, and fat
content, as these can all influence how effectivel and/or quickl the carboh drate is absorbed
(110). This is further affected b the degree of comple it of the carboh drate; mono- and di-
saccharides are absorbed more quickl than more complicated oligosaccharides or

pol saccharides, and what other nutrients are consume with the carboh drate (110).
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This interaction between different t pes of carboh drates and gl cemic response can be
described b the gl cemicinde , which is a comparison model for the gl cemic response
induced b consumption of a certain food compared to that caused b the consumption of
white bread or pure glucose (111,112). Meta-anal ses have found that in adults a low gl cemic
inde diet ma have beneficial effects on HbAlc and lower incidence of h pogl cemic episodes,

and ma have beneficial effects on insulin sensitivit in children (113,114).

The standard method for measuring the gl cemic inde of a food is to feed 10 or more health
people 50 grams of digestible carboh drate of that food and measuring blood glucose over two
hours (115). The same group of people must also perform a reference test where the will
perform the same test but with 50 grams of glucose (115). Gl cemic inde is then calculated b
dividing the blood glucose response for the test food b the reference food (115). However, the
gl cemicinde b itself ma paint a misleading picture of what gl cemic response ma be

e pected as the t pical amount of available carboh drate in a source of food ma be nowhere
near 50 g. This can be seen in kiwis, which, while considered a medium-high gl cemic inde
would require ingestion of ~10 kiwis to meet 50g, which is an e tremel unrealistic food portion
(116,117). A potentiall more relevant measure of the e pected gl cemic response based upon
a food’s gl cemicinde isthe gl cemic load (Table 2.2), which is determined b multipl ing the
food’s gl cemicinde b the amount of carboh drate this food contains and dividing b 100.
This gives a more accurate representation of the gl cemic response a food can be e pected to
have as foods can have a high gl cemicinde , but onl contain a small amount of available

carboh drate such as in kiwis (111,116).
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Table 2.2. E amples of Foods and their Gl cemic Load (11 )

Low Gl cemic Load Medium Gl cemic Load High Gl cemic Load

Apple Brown Rice White Rice

Kiwi Whole Grain Bread White-flour pasta

Black Beans Oatmeal Sugar-sweetened beverages
Lentils Pearled Barle French Fries

Skim Milk Bulgur Baked Potato

2.82D tryF ti

Dietar fatis strongl correlated with insulin resistance in both animals and humans and the

most popular model for stud ing insulin resistance and/or T2D in animals is a high-fat diet

(34,119,120). However, the harmful pro-inflammator effect of fats is dependent upon the t pe

of fat as depending upon saturation level fats ma be harmful or beneficial (119,120). The

evidence for saturated fat contributing to insulin r
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for the rise of T2D in Canada. While the role obesit pla sin T2D is well founded and fat intake
ma be a potential trigger leading to insulin resistance it does not appear to do so in a vacuum
as e ercise or more importantl the lack of pla s arole as there is evidence for e ercise being

protective of insulin sensitivit in a “Western St le” high fat diet (124-126).

While monosaturated fats appear to be more protective of insulin sensitivit than saturated
fats results are equivocal as studies have found monosaturated fat intake to be more protective
of insulin sensitivit but also to be associated with insulin resistance, though this ma

potentiall be attributed to obesit complications and/or high total dietar fat content

(120,127).

Pol unsaturated fats fall into two categories: omega-6 and omega-3; while omega-
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have a beneficial effect on blood glucose, but ver high protein diets over a longer period of
time, especiall diets high in animal protein, appear to increase risk of T2D development (133—
135). This parado also appears to remain consistent for individual amino acids as the
branched-chain amino acids (BCAA) valine, leucine, and isoleucine appear to be effective in
attenuating blood glucose response in the short-term, but diets high in BCAAs ma cause
increased risk of T2D long-term (136,137). The e act reason for this is unclear as dietar protein
acts as an insulin secretagogue aiding insulin secretion and helping reduce the blood glucose
response after carboh drate ingestion (137). While once deaminated amino acids are available
for gluconeogenesis it appears that onl a ver small portion (>10%) end up as circulating
glucose and thus unlikel to significantl contribute to an increase in blood glucose (13 ). One
possible reason for the potential harm of chronic high protein intake is the association of it
with the “Western St le Diet”, which along with an overall poorer qualit diet is often
associated with limited e ercise, however there does appear to be a possible causal link with a
high fat high animal protein diet as in the face of insulin resistance and/or a high fat diet

protein catabolism is impaired (34,139,140).

While long-term high animal protein diets appear to be linked to increased T2D risk the e act
length of time and mechanism that contributes to an increased risk in unclear(141). Shorter
length high protein diets and even individual high protein meals appear to attenuate blood
glucose response compared to non-high protein alternatives (142—-144). To further complicate
matters high-protein diets when combined with weight loss have been found to reduce HbA1C
b 0.5%, which is comparable to medication (142,144). However, whether the beneficial

gl cemic effects are due to protein or weight loss is unclear as normal protein but energ
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restricted diets with weight loss have found similar effects (145). High protein meals also seem
to attenuate blood glucose response, however whether this is best done as a premeal or during

a meal is unclear, and which protein source and amount is unclear (142,146-14 ).

While protein has been found to simulate insulin secretion BCAAs have also been found to
stimulate insulin secretion without glucose intake being required (149). While the e act
mechanisms remain to be discovered it is believed that a possible mechanism is b depolarizing
calcium channels resulting in an influ of calcium initiating insulin secretion (101). BCAAs have
also been found to promote GLP-1 secretion aiding insulin secretion (150). The main
mechanism appears to be activation of the mechanistic target of rapam cin (mTOR) which
contributes to a wide range of beneficial glucose regulating effects (Figure 2.1). However
chronic activation of mTOR, which chronic levels of high BCAAs can do is predictive of insulin
resistance, and thus there appears to be a fine line between BCAAs being beneficial and
harmful (151-153). This points towards the use of BCAAs use as a supplemental food for
improving blood glucose regulation rather than promoting a diet high in BCAAs. The use of milk
proteins meets this criteria due to their high BCAA content and their abilit to attenuate blood

glucose is well studied and shows promising results (103,146,154).
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Figure 2. 2 Summar of the Processes of Dair Intake’s Improved Blood Glucose Regulation (155)
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Bovine milk intake is positivel correlated with improved gl cemic control (156—159). This
improvement is seen in adults, children, and with the use of both high-fat and low-fat dair
products (156-159). Astud b Gheller et al., comparing dair and non-dair snacks matched
for carboh drates (25 g) found the dair snack to significantl attenuate blood glucose response
in children with lower blood glucose (p<0.01), increased insulin (p<0.0001), however no
difference in C-peptide (p=0.54) was observed, which can be e plained b reduced hepatic
insulin clearance b the dair snack (p<0.01) (103). A possible component of dair that
improves gl cemic control is its unique proteins: whe and casein (160). Whe ( 0%) and casein

(20%) are complete proteins with high contents of BCAAs (23% and 20% respectivel ) (161).
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Whe and casein are also characterized as fast and slow respectivel due to their rate of
digestion (157). This has shown to increase satiet and improve gl caemic response, possibl
due to a longer period of BCAA absorption (103,109). However, while casein’s slower gastric
empt ing appears to be more effective in reducing food intake and increasing satiet whe
appears to be more pronounced at improving gl cemic response (162,163) a much lower blood
glucose response (103).

Table 2.3. Bovine milk composition (164)

Composition (g/100 g)

Wateﬁ Fat Casein Whe Lactose Ash Energ
Protein (kcal/100g)
7.3 3.9 2.6 0.6 4.6 0.7 66

#
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2.1 .1_hyP t ns

Whe proteins are the proteins found in the whe portion after casein precipitation at pH 4.6

and 20° C has taken place (165). Precipitation does not result in a pure whe fraction as casein

derived proteins such as gl comacropeptide (GMP) are present. Whe can further be broken

down into sub-protein fractions including, but not limited to: beta-lactoglobulin, alpha-

lactalbumin, lactoferrin, immunoglobulins, and gl comacropeptide(165). It is currentl thought

that whe proteins are more likel to attenuate the blood glucose response compared to casein

proteins (5). This has been shown through both insulin-dependent and insulin-independent
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action (166). Through mechanisms et to be full understood whe appears to temporaril

decrease hepajic insulin clearance resulting in improved insulin efficienc (103,166,167). Whe
has also been fund to increase GLP-1 and PPY secretion which inhibit gut motilit , slow gastric

empt ing, andfnhance glucose disposal (166,16 —171).

2.1 .2Bvn QRhyPrt nfr ct ns

Alph -l ct | umn( -LA) Alpha-lactaloumin composes about 25% of the total content of
bovine whe protein and is routinel added to infant formula to create a nutrient profile closer

to that of human milk (172). This 123 amino acid residue is composed of 22% BCAAs (165).

Bt -l ct | uln(6-LG) Beta-lactoglobulin represents about 50% of the total content of
bovine whe protein and is a major contributor of the functional properties of whe protein,
such as water t:inding (165,172). This 152 amino acid residue protein is composed of 25.3%
BCAAs and has been found to aid in the immune response and promotion of cell proliferation
(173).

Immun | ulns(l G1,1 G2,1 A, n | M) Immunoglobulins show anti-microbial and anti-viral
activit (172,174). E tensive research has been conducted in determining their use in promoting

gastrointestinal results with promising results as both infection prevention and s mptom

reduction has been seen (174)

Glyc m a p pt (GMP) Gl comacropeptide is formed when k-casein is cleaved during cheese
making para-k-casein and Caseinmacropeptide (CMP) (175,176). When CMP is gl cos lated it
becomes GMP. Appro imatel 60% of CMP Is gl colsated into GMP with O-linked gl cans, which

are influenced b stage of lactation and which of the 16 phenot pes of k-casein are present (176).
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GMP is the onl naturall occurring protein that contains no phen lalanine and has been
researched for use in the management of phen lketonuria with commercial products now
available for use (177). GMP has 64 amino acid residues with ~23% of them being BCAAs (17 ).

GMP appears to be effective at improving satiet and attenuating blood glucose (105,179,179).

L ct frr n(LF) Lactoferrin is responsible for a wide range of health benefits. It serves as a non-
heme iron binder and aids in iron absorption and transport. It also as anti-microbial and anti-viral
roles and also appears to stimulate growth of beneficial bacteria in the intestinal tract (172).

Lactoferrin consists of 6 9 amino acid residues with 1 .6% of them being BCAAs (165).

2.1 .3Cs nPrt nfr ct ns

Caseins compose the majorit of milk proteins in cow’s milk (~ 0%) with four major t pes of
casein. asl-, as2-, B-, and k-casein being present (165). Caseins abilit to clot in the stomach and
slow down digestion has been to improve satiet , but also to attenuate blood glucose (1 0,1 1).
However, Caseins slower release of amino acids results in a less pronounced insulinotropic effect
compared to whe (1 2).
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Whe proteins appear to influence blood glucose regulation in a m riad of wa s, including

dela ed gastric empt ing, and inducing insulinotropic effects, and incretin hormone stimulating
effects (5). A variet of trials have e plored the potential of whe protein to improve gl cemic
control, however wide ranges in dosing (4.5 to 90 grams), the form of protein administered,
and time of treatment makes comparison between studies difficult (5). It appears that the

amino acid profile of whe protein, which is higher in BCAAs ma be the reason wh whe
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protein appears to be more effective at attenuating blood glucose response, though this does
not completel e plain observed results (1 3). Whe protein b itself appears to be better at
regulating blood glucose than other forms of dair , though overall increased intake of dair
benefits blood glucose regulation (1 4). It has been found that whe results in a significantl
lower glucose response in combination with a high-fat meal than casein does, though no

differences in insulin, glucagon, or incretins were observed (163).

The potential application of whe protein use aiding blood glucose control is an attractive
possibilit to deal with an increasingl dangerous problem. The risk diabetes poses to Canada is
not disappearing, and it is quite likel that the risk will continue to increase not onl in Canada
but globall . The development of novel treatment options needs to be completed in a timel
manner to aid in risk reduction, and this work is a small step towards this.
I"'MIP5 . 2,)< . *#P<</-#

While the term “functional food” is gaining in popularit it is not a regulator term and has no
agreed upon definition (1 5). The Academ of Nutrition and Dietetics describes functional
foods as, “... whole foods and fortified, enriched, or enhanced foods having a potentiall
beneficial effect on health when consumed as part of a varied diet on a regular basis, at
effective levels.” (1 6). Dietitians of Canada describes functional foods as, “[... foods that offer
unique health benefits that go be ond simpl meeting basic nutrient needs.”(1 5). These broad
definitions are just a few amongst a m riad different governments and researchers have put
forward, but overall the encompass the three central aspects of functional foods: nutritional
function (must be a complete food and not just a specific nutrient), specific health benefits, and

technological process (original food has been altered in some form) (1 7).
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While functional food does not have a set definition it can be broken down into two groups: (1)
foods with added bioactives and (2) foods with enhanced bioactives (1 5). Foods with added
bioactives are food products that do not naturall contain the bioactive ingredient (e.g., orange
juice with calcium, margarine with ph tosterols, or salt with thiamine. Foods with enhanced
bioactives are food products that have been altered to have an increased level of a bioactive
naturall present in the product (e.g. ogurt with increased probiotics or a flour mi  with

increased fibre from pulse inclusion).

The Canadian Food Inspection Agenc has mandator fortification and enrichment requirements
creating functional foods (e.g. salt with iodine, milk with vitamin D, fruit juice with vitamin C, etc.)
there are also a wide range of voluntar fortification and enrichment processes that are allowed
(e.g. adding fluorine to bottled water) (1 5,1 7,1 ). While this process mainl on focuses upon
adding single nutrients various health various claims (nutrient content, nutrient function,
therapeutic claims, and disease risk reduction) can also be made based upon ingredients and the
amount present in food (1 9). Regulations regarding claims are controlled b the Food and Drugs
Act, and while there are usuall no specified regulations all claims are subject to Subsection 5(1)
the must not be false, misleading, or deceptive (1 9). Nutrient content claims indicate the
presence or amount of a nutrient but provide no specific information on benefits (e.g. “E cellent
source of vitamin C”, “Ver high source of fibre”, “Low sodium” (1 9). Therapeutic claims provide
a link between a substance within the food and a ph siological benefit it provides (e.g. “Coarse
wheat bran and improved bowel function”) (1 9). Nutrient function claims are a subset of
function claims and refer to an individual nutrient within a food (e.g. “Protein helps build and

repair bod tissues” or “Calcium aids in the formation and maintenance of bones and
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teeth”(1 9). A claim about improved gl caemic response can be made if the addition of
ingredients enables “[A serving of stated size] of [name of product X] contains n grams of [name
of ingredient Y]. This ingredient reduces the gl caemic response to this food” (190). In order for
a food to make a gl caemic response claim it must be able to do so in a health individual in an

acute dose (i.e. single dose) (190).

While Health Canada has regulations for the use of different claims there is little standardization
and health claims ma impart a “halo effect” on consumers as products with health claims ma

be viewed overall as being “healthier” than products without health claims (191).

This lack of standardized criteria for different claims or for simplified nutritional or general health
messages on the front of food packages can be confusing for consumers. Similarl , the absence
of core eligibilit criteria for disease risk-reduction and function claims has led to concerns that
consumers ma be drawn onl to the claimed or highlighted product benefit, ignoring other

potentiall less health aspects (13—-17).

Functional foods are created from a wide variet of different foods and ingredients the use of
bovine milk and/or its composites (e.g., whe protein) are some of the most popular choices
(192). The use of bovine milk in the creation of infant formula represents one of its largest usages
as the infant formula global market was valued at $50 billion USD in 2019 (193,194). The usage
of whe protein is widespread as it has uses in both supplements and food products. Whe

protein is commonl used in sports nutrition as a major component in whe -based protein
powder; a global industr worth $10 billion USD in 201 (195). While the use of whe protein is

widespread in food products two of its more popular uses is in “energ bars” and meal-
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replacement beverages (196,197). High-protein milk beverages with added whe protein
targeted at weightlifters can also be found on the market with more than twice the protein
content (~20 grams-2 vs 9 grams per 250 ml) of comparable fluid bovine milk (19 ,199).

M3 "HR-"#<Ki = . )H>;-#) . #2;%2" H)2A< . ,6<;#D " - " *62 I8

Rats and mice have been e tensivel used to stud diabetes and gl cemic control (200,201). This
is possible due to humans and rats and mice having gastrointestinal s stemsand gl cemic control
hormones that are homologous in their function (200-202). A variet of models for stud ing
diabetes and gl cemic control have been developed with major efforts taking place over the last
30 ears (200). Models for T1D have been developed using chemical induction, spontaneous
autoimmune induction, genetic induction, and viral induction (200,203—-206). Models for T2D
have been developed using obesit -induced h pergl cemia, genetic B-cell d sfunction, or

breeding to develop poor glucose tolerance (200,201,207,20 ).

Major milk proteins have been e tensivel studied in rats though data on whe and casein
fractions is limited (209-214). In a stud b Gregersen et al., e amining diet supplementation of
T2D rats and normogl cemic rats using whe , casein, and a-lactalbumin found all protein
treatments attenuated the blood glucose response with a greater affect seen in T2D rats (209).
Astud b Pezeshki et al., looked at the effects of casein, whe , and a combination of the two in
diet-induced T2D rats for eight weeks found a reduction in food intake and blood glucose
response compared to the control group, with whe showing the greatest effects (213).
Interestingl whe also resulted in greater GLP-1 e pression strengthening the idea that whe

proteins abilit to attenuate blood glucose is through both insulin-dependent and insulin-

independent methods (213,215). The combination of whe and casein also resulted in a 170%
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increase in muscle plasma membrane GLUT4, providing another possible reason for the improved
blood glucose control seen with milk protein intake outside of increased stimulation of incretin
and insulin secretion (213). Further support for whe containing unique properties contributing
to glucose attenuation was found in an e periment b Aziz et al., comparing intact whe and
comparable amino acid mi tures in health Wistar rats with whe proteins showing greater
attenuation than the amino acid mi ture (212). Conclusions were drawn that bioactive peptides
are formed during the digestion of whe protein that offer unique health benefits, which is
supported elsewhere (1 4,209,212). Astud b Moura et al., stud looked at this closer b using
a combination of BCAAs dipeptides found in whe compared to whe in Wistar rats (209).
Evidence was found showing that some of potential benefits of whe post-e ercise ma be
contributed to bioactive peptides found in whe and not onl in BCAA dipeptides (209). The use
of milk proteins has shown positive results in rats in both T2D and normogl cemic animals. While
e tensive research has been conducted on whole whe and whole casein ver little has been
conducted on whe and casein sub-fractions, and e ploration ma highlight specific parts of whe

and casein that are more beneficial for gl cemic regulation.

§
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Chapter 3: Rationale, Objectives, and Hypothesis
3"MED*, )< *; "
Diabetes is a growing global threat to health. Current treatment options have proven ineffective
in substantiall reducing the incidence or prevalence of diabetes and novel treatment options
are needed. There is a growing bod of work showing robust evidence that milk proteins ma be
an effective method to aid in reducing loss of gl cemic control. The full e tent of how this is
accomplished is unclear and investigating the individual fractions of whe ma offer greater

insight into developing effective food products.
3"HSHT"2,)L" -4

The objective of this stud is to investigate the acute effects of consumption of whe protein
isolate, whe protein fractions (B-LG, a-LA, and GMP), and glucose in a water-based fluid matri

on blood glucose and insulin in Wistar Han rats.
3"3tUN&<,J"-)-#

There will be a significant difference in blood glucose and insulin responses (p<0.05) between the

treatments and between the treatments and glucose control over 120 minutes.
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Chapter 4: Methodology
O"M:4,5/% ()1 .4

A randomized repeated-measures design was used to determine the acute effects of commercial
whe proteinisolate, GMP, a-LA, B-LG, and glucose in a water-based fluid matri intwelve Wistar-
Han rats. Treatment order randomization (Appendi C) was done using software from
random.org (eCOGRA certified). Ethics approval was obtained from the Dalhousie Universit
Committee on Laborator Animals (Protocol #19-022).

9"144,5/%#06<,<2<;##

Animals were split into four groups of three (Group 1, Group 2, Group 3, Group 4). After the
acclimatization period on da eight Group 1 and Group 2 received their treatments and were
then allowed to rest until da three. On da two Group 3 and Group 4 received treatments and
were allowed to rest until da four. All groups had had 6-hour da light fasts (Figure 4.1) but were
offset b 3 hours to allow for sufficient time for data collection. While 12-hour fasts are more
common there is an increasing bod of work showing that 6-hr fasts can be appropriate
(201,216,217). A 6-hour da light fast was decided upon based upon literature and a discussion
with the CACF veterinarian, Dr. Sue Pearce, who e pressed concern over a 12-hour fast with onl

a4 -hour rest period.
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Figure 4.1 1-Da 1-Group Data Collection Visual §

93tz L )H*;-

A sample size of n=7 Wistar Rats was determined to be sufficient to determine a 15%
difference based upon an a = 0.05 and B = 0.0 . Previous studies also show this to be an
appropriate number of animals for thist pe of stud (21 —220). Attrition rates are unknown for
this methodolog , so twelve Wister-Han rats were ordered from Charles River Laboratories (CRL)
to account for possible attrition (Wilmington, Massachusetts, USA). The Wistar-Han rat is a

general multipurpose model suitable for this t pe of e perimentation (221). R
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minimal discomfort, and ph sical restraint is kept to a minimum. Upon the arrival the animals
were be fitted with a vascular access button cap (VABC) to prevent the VAB from being damaged.
Animals had their tails marked for identification purposes and were housed as d ads at 20-22%C
on a 12-hour dark/light c cle at the Carlton Animal Care Facilit (CACF) at Dalhousie Universit .
The abilit to house catheterized ratsasd ads is a relativel novel concept enabled using the VAB
fitted with a VABRC. T picall , catheterized rats must be housed individuall which increases the
stress of the animal as rats are ver social (222-224). The animals were fed standard rodent chow
(Purina, St. Louis, MO, USA), and allowed seven da s to acclimatize before e perimentation
began. During this acclimatization period the animals were monitored and pla ed with dail to
habituate them to human handling. Pla ful handling, such as tickling, has been found to reduce
rats fear of humans, which results in better animal welfare, easier handling, and a lower stress
response to gavaging (223,225,226). Catheter maintenance was performed according to CRL
instructions, with animal’s having their catheters routinel flushed to aid in prolonging catheter
patenc (227). Catheters were flushed b removing the locking solution (500 IU/ml in 50%
gl cerol) (SAIl Infusion Technologies, Lake Villa, IL, USA) using a sterile 1 mL Leur slip tip s ringe
(BD, Franklin Lakes, NJ, USA) attached to a PinPort Injector (PNP3M) (Instech Laboratories,
Pl mouth Meeting, PA, USA). The PNP3m is required to access the VAB and allows for eas

withdrawal and injection and improves the duration of catheter patenc ; an access to the VAB
requires the use of a PinPort Injector. Once the locking solution was removed the catheter was
flushed with twice the catheter dead volume of sterile saline (~100 ul) and then locked with the
a volume equal to the catheter dead volume (~50 ul) of locking solution (227). This procedure

was done when the animals arrived and at Da 3 and Da 6 of the acclimatization period.

43



9"01$6"* H" . #(<-*1"#

While a wide range of different milk protein doses have been studied a 10 g human dose has
been found to be effective in significantl attenuating blood glucose from a single intake
(154,215,220). This dosage is in alignment with Health Canada’s “Draft guidance Document on
Food Health Claims Related to the Reduction in Post-Prandial Gl caemic Response”, which
requires the serving size to be proportional to the intended intake method (i.e., as a snack or
meal) (190). Solutions based upon a 10% wt/vol were tested to ensure suitabilit for gavaging.
There currentl e ists an % wt/vol milk protein drink and thus there is alread a commerciall

available comparable basis for this (22 ).

The 10 g dosage was converted to an animal equivalent dose (AED) b using allometric scaling.
This was done b using a correction factor (k%) which is an estimate of the average bod weight
(kg) of a species divided b its average bod surface area (m") (229). The average bod weight of
a human is given as 60 kg, the kyivalue is 7, and the bod weight of the rats is 0.3 kg (229). Thus,
the AED for the rats used in this stud is:

AED = Human does (mg / kg) x Ky ratio

AED =((10g * 1,000 mg/g) / 60 kg) 7

AED =1,166.67 mg/kg

AED =1,166.67 mg/kg *0.3 kg
AED =350 mg
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Treatments were prepared at the Centre of Applied Research at Mount Saint Vincent Universit .
In addition to the milk proteins (Table 4.1) a dose of 350 mg of glucose will also be used to
compare the magnitude of effect blood glucose response and insulin action. Further e periments
are aimed to e plore this relationship in closer detail once a basis is established. This is
appro imatel half of what an oral glucose tolerance test is in rodents (2g/kg) and is well
tolerated (166). Treatments were prepared using purified water at 32%C to ensure treatments
were properl dissolved/suspended. To ensure the treatments are not too viscous to flow
through the gavaging needle each dose was dissolved/suspended in 3 mL of water and then
drawn up into a 3mL BD Luer-Lok Tip S ringe (BD, Franklin Lakes, NJ, USA) creating a 10% wt/vol
solution, which were then frozen until use where the be thawed and brought to room
temperature before the were administered. This volume is safe for gavaging and poses no risk

to the animals (230).
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Table 4.1 Treatment Information

Treatment

Manufacturer

Product Information

Dosage Calculation

Whe Protein Isolate

Agropur Dair
Cooperative (Saint-

Hubert, QC, Canada)

BiPRO 9500 Whe

Protein Isolate

7% As Is Protein

350/ 7=402.3mg

Gl comacropeptide

Agropur Dair
Cooperative (Saint-

Hubert, QC, Canada)

BiPRO GMP 9000

93.6% As Is Protein

350/.936 = 373.93

a-lactalbumin

Agropur Dair
Cooperative (Saint-

Hubert, QC, Canada)

BiPRO Alpha 9000

Alpha-Lactalbumin

92.5% As Is Protein

350/.925=37 .4mg

B-lactoglobulin

MilliporeSigma (St.

Louis, MO, USA)

B-lactoglobulin from

bovine milk >99%

99% As Is Protein

350/.99 = 353.5 mg

Glucose

MilliporeSigma (St.

Louis, MO, USA)

De trose

100% As Is Glucose

350/1 =350 mg

Q'@?*L*1 %

Treatments were administered b oral gavage immediatel after blood was collected at time
point 0. While alternative oral feeding methods have been developed their protocols require the
use of a sweetening agent, which would impact blood glucose, and are imprecise in the dosage

administered (231-233). While gavaging does pose risks several steps were taken to minimize

this. The use of a disposable plastic gavaging needle (FTP-15-7 , Instech Laboratories, Inc., PA,
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USA) not onl reduces the risk of esophagus perforation but also reduces stress levels which ma
occur with repeated gavaging (234,234-237). The use of a 3mL dose has been found to be both
appropriate for testing and safe (230,23 ). Repeated gavaging with metal gavaging needles has
been found to potentiall cause weight loss; animals were weighed the animal at each session
(234). Finall , the most important wa to reduce gavaging-related risks is technician proficienc ;
supervised training was undergone to ensure gavaging techniques are safe and satisfactor

(237,23 ).

The normal method of gavaging a rat is to hold the animal b the scruff of the neck and to insert
the gavage needle in a vertical fashion, however the placement of the VAB prevents this, and the
animal was wrapped in a towel to hinder mobilit and gavaged horizontall (239). To ensure the
gavage needle was placed properl it was measured before gavaging (239).

9"BiC;<</iA<;;"2,)<.

Blood was
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Table 4.2 Blood collection timing and volume

Collection Time Point | Blood Glucose (ul) Insulin (uL) Total Amount
Collected (uL)
0 10 0 90
15 10 0 90
30 10 0 90
60 10 10
90 10 10
120 10 10

The use of a VAB allows for repeated blood collection without the use of anesthesia as blood
collection is pain free. This is a unique blood collection method in rodents and allows for a smaller
number of animals to be used with comparisons to be made within the same subject. To collect
blood the VABC was removed and the VAB was cleaned with an alcohol pad. A PNP3M fitted to
a1 mLBD Luer-Lok Tip S ringe (BD, Franklin Lakes, NJ, USA) was used to unplug the catheter b

drawing up the locking solution in the catheter until blood first appeared in the s ringe. If the

first attempt failed, the animal was repositioned as it is possible the catheter was crimped or
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slightl blocked. If this fails a small volume of saline (5-10 uL) using a sterile PNP3M and s ringe
was injected into the catheter to rinse it. Once the catheter was unplugged blood was collected
using a sterile PNP3M and s ringe according to the blood collection timing and volume in Table
4.2. The catheter was flushed with double the catheter’s dead volume (100 ul) and locked with
an equivalent amount of locking solution (50 uL).
9"E4C;<</#?;52<-"}
Blood glucose was anal zed using the HemoCue 201+ (HemoCue AB, Angelholm, Sweden) as it is
fast, accurate, and needs a ver small volume of whole blood to measure glucose (242). Blood
collected for blood glucose anal sis was immediatel emptied onto a sterile piece of parafilm as
it is a h drophobic surface, and the blood formed a droplet enabling the use of a cuvette. A
HemoCue Microcuvette (HemoCue AB, Angelholm, Sweden) was used to draw up 5 uL of whole
blood, which was inserted into the HemoCue 201+ for anal sis. Readings were given in mg/dI
which was then converted to mmol/Lb dividingb 1 (243).
9"141.-5;).¢
Blood collected for plasma insulin was immediatel transferred to a Microvette 100 K3E tube
(Sarstedt AG & Co. KG, Niimbrecht, German ), inverted 10 times, and then centrifuged at 2,500
g @ 3%C for 10 minutes using a refrigerated centrifuge (VWR International, PA, USA). Blood
plasma formed a supernatant which was then e tracted using a pipettor and aliquoted as two
~20 ul samples into two 0.5 ml microtubes (Sarstedt AG & Co. KG, Nimbrecht, German ). The

samples were then be placed in a microtube bo and frozen at - 0%C for later anal sis.
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Plasma Insulin was anal zed using Ultra-Sensitive Rat Insulin ELISA (Cr stal Chem, IL, USA)

(Appendi D). Samples were run in duplicate with the mean value being used for anal sis.

Group 1 and Group 3 had their food removed at 7 am, while Group 2 and Group 4 had their food

removed at 10 am. Group 1 and Group 3 started data collection at 1 pm, while Group 2 and Group

4 started data collection at 4 pm. At time -15 min the catheters were flushed as internal piloting

showed this improved data collection b preparing the catheters and animals for the coming

e periment. A timeline from receiving the animals to the stud endpoint can be found in Table

4.3.

Table 4.3 Data Collection Timeline (Animals shown as R1-R12)

Q2M 9/):Cs | 4#330)0V | 1/#2(6#0(%
v$ Wsg= [ X569 [ 9. [YU#M.H#O0 | 9,:7)3#
1-7 N/A | N/A N/A  |N/A  |[N/A [ N/A N/A
(Acclimatization) | N/A | N/A N/A  |N/A  |[N/A [ N/A N/A
1 1 R3 R2 R1
2 1 RS R4, R6
9 3 1 R9 R7 R
4 1 R11 R10, R12
10 1 2 R1 R2, R3
2 2 RS R4, R6
11 3 2 R7, R R9
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4 2 R10, |R11
R12
12 1 3 R2 R3 R1
2 3 R4, R6 R5
13 3 3 R R9 R7
4 3 R10 R11
14 1 4 R1 R2 R3
2 4 R6 R4, R5
15 3 4 R7 R9 R
4 4 R1I0 |R11 R12
15 1 5 R1 R2, R3
2 5 R4 R6 R5
16 3 5 R R9 R7
4 5 R11, R10
R12

O'MNEA, * ), ) 2534 = . * %)

Data anal sis was conducted using GraphPad Prism version .0 (GraphPad Software, CA, USA).
Results are e pressed as mean t* standard deviation. Values of P < 0.05 were considered
statisticall significant. A two-wa Repeated Measures ANOVA was performed with a Tuke -
Kramer post hoc test of the effects of treatment, time, and treatment b time. Area under the
curve for insulin and glucose were calculated using the trapezoid method and assessed for

51



significance using a One-wa ANOVA with Tuke ’s-Kramer post-hoc test (244). The effect of se
and age was not modeled as all subjects are the same age and male. Session effect did not need
to be included in the model as no effect was found. §

9"MM#0,J)2* #2< . -)/ "6%,)< .t

This stud has been reviewed and approved b the Universit Committee on Laborator Animals
at Dalhousie Universit (Protocol 19-022). Animal training on the care and use of laborator
animals (Appendi A) and specific technical procedures for rats (Appendi B) was obtained.
Animals are not capable of giving consent and thus the 3 Rs (Replacement, Reduction, and
Refinement) are necessar to ensure the risk for harm is minimized. This has been accounted for
b using the minimum number of animals to ensure valid results accounting for attrition, a
reduced fasting time to allow for quicker recover , and the use novel catheter technolog to
minimize discomfort to the animals. Animals were monitored dail to check on their health
status. Upon completion of the stud animals were repurposed for training and for a second
e periment. Animals no longer patent at the end of the stud were anesthetized with isoflurane

and euthanized with carbon dio ide.
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Chapter 5: Results

5.1 Q")1J,i<KiD*,-#

Nine 10-week-old male Wistar Han Rats with an average weight of 32 + 19 g (Table 5.1) were

used. There was no significant weight loss during the duration of the stud (Table 5.2).

Table 5.1 Mean Weight (g) + SD of Rats Throughout the Duration of the stud

Animal Number | Average weight (g) + SD
Rat 1 310+ 9

Rat 4 329+9

Rat 6 319+ 12

Rat 7 363 + 12

Rat 336 £5

Rat 9 293 +5

Rat 10 345 + 10

Rat 11 331+ 10

Rat 12 327 + 13
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Table 5.2 Weight (g) of Rats Throughout the Duration of the Stud

Animal Session Weight (g)

Number 1 2 3 4 5
Rat 1 297 305 310 31 322
Rat 4 317 324 327 336 341
Rat 6 303
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There was an effect of treatment (P<0.0001), time (P<0.0001) and a treatment b

time

interaction (P<0.0001) on blood glucose over 120 min. Whe protein, GMP, B-LG, and o-LA

resulted in significantl lower blood glucose compared to the glucose treatment at 15 and 30 min

(P<0.05) (Figure 5.1). No statistical differences were observed at 0, 60, 90, and 120 min. §

Table 5.3 Mean Blood Glucose b Treatment over 120 min

Treatment | Mean Blood Glucose mmol/I + SD

0 min 15 min 30 min 60 min 90 min 120 min
Whe 76+05" |6. £05¢ |6.7+03¢C |704+04 |704+03 |6.7+04
Glucose 7.5+0.6 5408 |79+06 |714+05 |714+05 |7.1+04
GMP 74403 714050 |69+04¢ |694+03 |[69+04 |68+0.2
B-LG 75+06 |69+06¢ [69+0.6% |724+05 |7.0+ 03 |69+0.2
a-LA 72+02" |64+03%¢ |65+06¢ |6.7+04 |66+03 |66+05

PO 0O+, ,-" L H1$00 3456, "0#T8#901 :81 , ; /ST +A+OHI<=HTGHINH , ; =>/$5 ¥ 260 10091 >#9-1<""<O/A"* St 6t B 1Dk
0/="LE?FGIGGGHI* 0-"#0=""$0k E?PFCIGGGHI*I*l #$Ak# 0/="" , @k 0-""#0=>""$04 /$0"-#90/ 1 $t EPFGIGGCHICE J#4 ; "tk K/0=8 A/DD"*-" S04
§00"" Y4 I /0=/$ 24918 ; >Bhi- "t/ - $/D/I#S0BALA/DD""-" SOREPFGIGLIC

$
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Figure 5.1 Mean Blood Glucose b Treatment over 120 min

10+

€ Whey
8 Glucose
A GMP
Y BLG
4 ALA

Blood glucose (mmol/L)

0 15 30 60 90 120
Time (min)

PUASL "L QU+, , " HU1$N2% 3456 , 0478901 181, ; 8/$H +4+6H<=H#TWI0H, ; =>/$1 5 ¥ 264 28091 >#9-1<"<0/A"™{ MK 17K #@t
+NOJ+E0-"#0=>""S0u#SAL/=>"" 1t K/0=EM ; P @UTR-#=""-4 < 1%07="1940""%0Ct SDD**904 104 0/=""4E?FGLGGGHI*0-""#0=>""$0UE?FGIGGCHI*
HBAO/=""E, QI0-""#0=>""$0U/$0""-#I0/ LHEPFCIGCCHICE IS ; "W /0=ETéE-""1%/ - SID/IHHBOI@ADD"-" SOE?FGIGLICE

$

56



>"3tC;<</1?;52<-"#- RA¢

Blood glucose AUC over 120 min was significantl lower for whe protein, GMP, and o-LA

compared to glucose treatment (P<0.05) (Figure 5.2). There was no significant difference

between glucose and B-LG (P=0.3). There was no significant different between whe protein,

GMP, and o-LA (p>0.05).$

Figure 5.2 Blood Glucose AUC over 120 min
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There was an effect of treatment (P=0.02), time (P<0.0001) and a treatment b time interaction
(P=0.0002) on insulin response over 30 min (Figure 5.3). GI comacropeptide had a lower insulin
response at 15 min compared to glucose and B-LG (P<0.05). There was no significant difference

between glucose and B-LG (p=0.07). There was no significant difference between a-LA and whe

(p=0.93).

Table 5.4 Mean Plasma Insulin b Treatment over 30 min

Treatment Mean Plasma Insulin ng/ml + SD

0 min 15 min 30 min
Whe 19409 4.2 4+ 2.8¢ 26+ 1.1
Glucose 1.4+0.9 7.5 + 3.7€ 35 + 1.3
GMP 13+0.7 22407 22407
B-LG 1.7+0.6 3.4 +0.6¢ 34 +15
a-LA 1.5+ 0.9 33 +1.7°¢ 33+ 1.6
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Figure 5.3 Mean Plasma Insulin b Treatment over 30 min
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Insulin AUC over 30 min was significantl

lower for GMP and a-LA compared to the glucose

treatment (P=0.003) (Figure 5.4). There was no significant difference between whe , GMP, B-LG,

and a-LA (P>0.05). There was no significant difference between whe , glucose, and B-LG (p>0.05).

Figure 5.4 Plasma Insulin AUC over 30 min
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Chapter 6: Discussion
6.1 Novelty of Methodology

The findings in this stud support the h pothesis that there is a significant difference in blood
glucose response between a-LA, B-LG, whe protein, and GMP compared to the glucose control
(Figure 5.1). To the author’s knowledge this is the first stud evaluating the effects of whe , GMP,
B-LG, a-LA and glucose on blood glucose control and insulin secretion in Wistar rats, and, to the
author’s knowledge, this is also the first stud e amining the effects of oral gavage in rats fitted

with a VAB.

While catheterization of rats for stud ing hormones and other compounds in blood is not a new
technique either anesthesia, movement restriction, or single housing must be emplo ed, and
prolonged catheter patenc is difficult to maintain (245-247). The unique model deplo ed for
this e periment allowed for group housing, improving animal welfare, and allowed for pain-free
withdrawal of blood samples in conscious animals. The abilit to perform a repeated
measurement e periment in rats that involved blood withdrawal is rare due to ethical
considerations limiting blood collection methods unless catheterized. The emplo ed
methodolog not onl conserves the number of animals required but should provide more

biologicall accurate data.

0"VHC;<</3?;52<-"#* . [41.-5;) .4

Findings from this stud support previous evidence showing milk proteins abilit to reduce blood
glucose response (1 2,1 4,24 ,249). At 15- and 30-minutes blood glucose response was
significantl (p<0.05) lower in the whe protein, GMP, a-LA, and B-LG treatments compared to

the glucose treatment (Figure 5.1). Blood glucose AUC over 120 min was also significantl lower
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for whe protein, GMP, and a-LA (p<0.05), however there was no significant difference (p=0.3)
between glucose and B-LG. This was une pected as B-LG has the highest BCAA profile of whe

protein fractions, and BCAA have been shown to cause insulin secretion independent of the
presence of glucose, which would suggest that glucose response for B-LG should be lower than
observed (149). A possible e planation for this can be e plained b the observed insulin secretion
(Figure 5.3) and insulin AUC (figure 5.4) where no significant difference was observed between
B-LG and glucose, which shows the significant abilit of B-LG to invoke insulin secretion, however,
milk protein appears to attenuate the blood glucose response through both insulin-dependent
and insulin-independent methods (166). While B-LG caused the largest rise in insulin AUC of the
three whe -protein fractions its inabilit to attenuate blood glucose AUC (Figure 5.2) points to
an inabilit to trigger insulin-independent methods of blood glucose regulation. Whe protein
and BCAAs have been found to stimulate incretin secretion, which aid in blood glucose regulation,
suggesting that digestion of B-LG ma result in unique peptides that lack the bioactivit seen in
whe protein (150,213). The unique effects of amino acids activit on B-cells is not limited to
BCAAs as bioactive peptides also appear to be encr pted in milk proteins and to pla a role in
glucose regulation (36,160,1 4,209,250). These bioactive peptides have been found to reduce

gastric empt ing and to facilitate greater insulin and incretin secretion (1 2).

Interestingl , while whe protein did attenuate blood glucose response at 15- and 30-minutes
(Figure 5.1) and blood glucose AUC (Figure 5.2) no significant difference between whe protein
and glucose was found regarding mean insulin (Figure 5.3) and insulin AUC (Figure 5.4). This data
suggests that whe protein’s abilit to attenuate blood glucose ma be more closel tied to its

abilit to increase insulin secretion compared to a-LA and GMP, which were also able to
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attenuate blood glucose (Figure 5.3) and blood glucose AUC (Figure 5.4) compared to the glucose
treatment, however the were able to do so with a significant reduction in insulin AUC (Figure

5.4).

Previous work on a-LA and GMP supports their unique function compared to whe protein. A
stud comparing avariet of treatments, including whe , casein, whe with GMP, and a-LA found
a-LA to be 40% more satiating and to reduce energ intake b 20% compared to casein and whe

in health adult humans (105). The data found in this stud supports this as a-LA’s abilit to
attenuate blood glucose ma be due to its unique structure and/or its abilit to produce unique

bioactive peptides providing enhanced insulin-independent blood glucose regulator effects.

This data also supports GMPs abilit to reduce blood glucose in humans to a greater degree than
whe protein (104). Astud conducted b Hoefle et al., in prediabetic humans found that 50 g of
GMP consumed in tandem with 50 g of maltode trin attenuated 4-hr AUCb 1 % compared to
50 g of maltode trin alone (104). This was significantl higher (p =0.04) than a 50 g whe protein
and 50 g maltode trin treatment (11% AUC reduction) (104). Hoefle et al., also found that GMP
attenuated blood glucose through insulin-independent pathwa s as AUC was 34% lower in the
GMP treatment compared to the whe protein treatment; the also found that c-peptide and
GIP were higher in the whe protein treatment but unaffected in the GMP protein treatment,
suggesting that a potential, as of et, undiscovered method of blood glucose control ma be

present (104).

Of interesting note is the relativel recent use of GMP as a protein source in people who suffer

from phen Iketonuria (PKU), a disease where the amino acid phen lalanine is unable to be
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broken down which ultimatel impacts neurotransmitter release causing impaired cognitive
function (251). T pe 2 Diabetes prevalence appears to be similar in those with PKU to the general
population (~¥10%) (252). Unfortunatel there is currentl no data available on commerciall

available GMP products and their impact on blood glucose response in people with PKU, but this

stud ’s findings offer a potential reason for further investigation into this.

In summar , all protein treatments attenuated blood glucose at 15- and 30-minutes compared
to the glucose control, however onl whe protein, GMP, and a-LA attenuated blood glucose AUC
response. At 15 minutes GMP had a significantl lower insulin response compared to the rest of
the treatments, and GMP and a-LA had a significantl lower insulin AUC compared to the rest of
the treatments. These results show that whe protein fractions have unique health properties
not observed in whe protein, especiall GMP, and require further stud to properl understand
the observed effects.$

@"3t=)H),*,)<.-

There are several limitations of this stud . Using an animal model alwa s has limitations as work
done in animals still requires human confirmation, however b ingesting rather than injecting the
treatments, using rats without genetic defects, and using a dosage realistic for human
consumption a more valid comparison can be reasonabl e pected (253). The use of an
equivalent dosage of 10 g appears to be adequate based on previous research comparing the
effects of var ing whe protein treatments, but it is possible that this is not the ideal dosage
(166,215). It was selected to portra a human dosage more accuratel and to prevent a higher
dosage providing an overpowering effect (146,220). While the number of animals was calculated

to be sufficient these data suggest that this ma be untrue for e amining hormonal response.
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Chapter 7: Future Directions

This stud ’s findings show the potential application of whe protein fractions in the development
of functional foods aimed at attenuating the blood glucose response after food ingestion. Finding
the minimum effective dose where both significant and clinicall relevant reduction in blood
glucose occurs is a necessar ne tstep. While GMP and a-LA showed the best abilit to attenuate
glucose with the minimum amount of insulin secretion it is possible the dosage of B-LG and whe

protein was too low to see a similar outcome and a higher dosage ma show equivalent results.
Work should also be conducted on seeing the effects of the treatments and glucose ingestion
simultaneousl and work should be conducted looking at the effects of the treatments as a pre-
meal before the ingestion of glucose. Methodolog should also be refined to enable for a greater
amount of blood to be withdrawn to enable the anal sis of more gastrointestinal hormones (e.g.,
c-peptide, GIP, GLP-1). With the techniques developed through this stud this is possible if a
greater number of animals are used to account for higher attrition due to a longer stud protocol.
Special attention should be paid to GMP, which appears to be equall valid at attenuating blood
glucose response as whe protein, a-LA, and B-LG, but with a much lower secretion of insulin

which ma be beneficial in the face of insulin resistance.
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Chapter 8: Conclusion
Whe protein fractions possess unique properties on blood glucose control that are not observed
in whole whe protein and are worth of continued stud . This stud also showed the use of oral
gavage in rats fitted with a novel catheterization s stem to be a viable method for testing blood

parameters in response to food intake.
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requirement for the National Institutional Animal User Training Program (NIAUT).

Please retain this.number and provide it with any pretocols submitted to the
University Committee on Laboratory Animals for review |

Date: June 15, 2018

5\ N m@ (Qwt™

Jennifer Devitt
Training Coordinator
jennifer.devitt@dal.ca
494-8507

86



- 8&" . /)ViCID* 1$6%).) . LEA"6,)K)2*, "#

;i; DALHOUSIE
UNIVERSITY

S

PRACTICAL TRAINING CERTIFICATION
This is to certify that

Erik Vandenboer
has participated in the practical training session :

THE RAT:
RECOMMENDED TECHNICAL PROCEDURES

« Video presentation covering humane handiing and resfraint methods, sexing of adult
and neonatal rats. identification of individual animals, anesthesia techniques, and
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Appendix C. $6"* ,H" _ iD* . /<H)W*,)<_#

Rat # Session
1 2 3 4 5

R1 WP B-LG Glu a-LA GMP
R2 GMP Glu a-LA B-LG WP
R3 a-LA Glu B-LG GMP WP
R4 WP Glu B-LG GMP a-LA
R5 a-LA B-LG Glu GMP WP
R6 WP Glu B-LG a-LA GMP
R7 B-LG WP Glu a-LA GMP
R GMP WP B-LG Glu a-LA
R9 a-LA Glu GMP WP B-LG
R10 WP B-LG a-LA GMP Glu
R11 B-LG GMP Glu WP a-LA
R12 WP B-LG Glu GMP a-LA
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CATALOG# 90060

Ultra Sensitive rat Insulin ELISA Kit

Catalog number

Intended use

Ahighqualify enzymeimmunoassay forthe quantification
of ratinsulin in fluid, plasma, and serum.

Test principle

Crystal Chem's Ulira Senfitive Rat Insulin ELISAKitis
basedonasandwichenzymeimmunoassayusingonlya
5 ul sample to produce same day results. The kitcanbe
runusing anultrasensitivelowrange, widerange, orhigh
range screening method toyield awide dynamicrange
with just one kit.

Specifications
Sample Types Serum, Plasma, and Fluid
Assay Time Same Day Procedure
Range Low Range: 0.1-6.4 ng/mL
Wide Range:0.1-12.8ng/mL
High Range: 1 - 64 ng/mL
Sample Size SuL
Sensitivity 0.05 ng/mL
Precision CV<=10%
Specificity
BRatnSMIR oo 100%
Mouselnsulin............ 100%*
HumanIGF-|

HumanIGF-lI
“Can vary from lot to lot. Ses insart in kit.

Highlights
v Kits use only 5 ul sample

v Very sensitive {0.05 ng/mL)

v Rundifferentrangesusingthe samekit
v' Works with multiple sample types

v Complete the full testin < 3.5 hours

Summary of protocol

Add 95 pL diluent with 5 pL sample
'

Incubate 2 hours at 4 °C

*

Wash plate

'’

Add 100 pL conjugate solution

+

Incubie 30 minutes at room temperature

+
Wash plate

+

Add 100 pL substrate solution

‘
Incubatefor40 minutes (low/widerange)
or 10 minutes (high range)
‘

Add 100 pL stop solution

+

Measure OD at 450/630 nm

See kit insert or email us for a complete protocol
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