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Learning Objectives

- To assess the impact of a prolonged released amino acid mix formulation on
nitrogen balance both in acute and long-term experimental studies

- To evaluate the impact of a prolonged release amino acid mix on muscle strength
and glucose metabolism

~

Background

- Patients with PKU compensate their restricted dietary regimen with protein \
substitutes, mainly Phe-free L-amino acid (AA) mixtures, typically characterized by
absorption kinetics different from those of natural dietary proteins.

- Slowly absorbed and digested proteins allow for better post-prandial utilization of
dietary nitrogeni, in contrast with free AAs that are absorbed too rapidly to
support anabolic requirements.?

» Prolonged release of AAs from a protein substitute may be able to better support
anabolic requirements and prevent or reduce catabolic episodes, potentially
minimizing suboptimal outcomes in PKU patients.®

* Blood urea nitrogen (BUN) production reflects the pattern of AA utilization:
- In the short-term it is a marker of oxidation of supplemented AAs into nascent
proteins.*
- In the long-term it is a marker of catabolic episodes (proteolysis) that occurs during
the fasting state in order to maintain plasma AA homeostasis.’
- The muscle is the primary organ affected by catabolic episodes in PKU patients
through proteolysis®
- Glucose metabolism is also influenced by blood levels of certain AAs, that in free
form elicit earlier / stronger insulin responses and lower blood glucose levels more
than physiologically digested proteins.’

A nitrogen source for PKU patients obtained with the Physiomimic technology™
(AA-PT), that can prolong AA release in the gut as well as mask odor and taste of
AAs, has been shown to reduce peak AA concentrations (C__ ) while maintaining
similar areas under the AA concentration/time curve (AUC), suggestive of prolonged
AA release.®

Materials and Methods

Healthy adult male Wistar rats (180-337 g) were treated by oral gavage to evaluate
the metabolic impact of Amino Acids engineered with Physiomimic Technology
(AA-PT) on muscle strength and glucose levels in acute and long-term studies.

Acute: 6-12 animals/group fasted for 12 hours were administered a single dose (700 mg
AAs/kg body weight) of the nitrogen sources (AA-PT and natural protein casein CAS)
and corresponding control (same mix done with free AAs) in a solution of 20% glucose
(8 ml/kg body weight) with additional nutrients to mimic the marketed GOLIKE product.

» - Blood glucose levels measured at baseline and 15, 30, 45, 60 and 90 minutes,
post administration.
- BUN, ghrelin, gastric inhibitory polypeptide (GIP), glucagon-like peptide-1 (GLP-1),
glucagon and insulin measured at 90 min, at sacrifice.

Long-term experiment: two rounds of 3-5 animals/group after 2 weeks of adaptation
were treated 2 times/day for 2 weeks with AA-PT and its control (AA-PT-C). Each
gavage, after 2 hrs fasting, was 1.259/Kg body weight of protein plus other nutrients
(i.e. glucose 5% and starch 5%) and Phe to guarantee a physiological diet. Rats in both
treatment groups consumed the same quantity of feed and lost the same weight.

» * Western blot of muscle catabolism markers: Atrogin-1 and BNIP3L/NIK and muscle
anabolism markers: Myostatin and mTOR on femoral biceps and vastus lateralis
using GADPH as the reference protein.

- Muscle strength was measured with a grip strength meter at Day 0 and after 15
days of treatment.
- Glucose tolerance (3g/kg body weight) was evaluated at Day 0, 7 and 14 at baseline,

~\

30 min and 120 min after glucose ingestion.
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Acute Effect of the Physiomimic Technology™ on AA oxidation.

AA-PT produced (Figure 1):

- significantly less BUN than its corresponding control

- BUN was not significantly different from that produced by an equivalent amount of
natural protein CAS

Acute Effect of the Physiomimic Technology™ on gylcemia.
The glycemia trend with AA-PT, did not differ significantly from that obtained with
natural protein CAS

Long term Effect of the Physiomimic TechnologyTM on BUN.
AA-PT produced (Figure 2):
* less BUN than its corresponding control, confirming the same trend of acute result.

Amino Acid utilization
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FIGURE 1: BUN after acute treatment FIGURE 2: BUN after 2 weeks of treatment
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Long term Effect of the Physiomimic Technology™ on muscle.
AA-PT produced:

- A significantly lower degradation marker BNIP3L (-46%) in femoral biceps (Figures 3).

A similar but non-significant trend observed in the vastus lateralis

- a significantly higher synthesis muscle protein Myostatin in vastus lateralis (+58%).
A similar but non-significant trend observed in the femoral biceps (Figures 4).

- a significantly stronger grip strength relative to the baseline (+30%), whereas no

significant increase in muscle strength was observed in animals treated with AA-PT-C

(Figures 5).

FIGURE 3: VASTUS LATERALIS FEMORAL BICEPS
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FIGURE 4: VASTUS LATERALIS FEMORAL BICEPS
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FIGURE 5: GRIP TEST
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Long-term Effect of the Physiomimic Technology™ on glucose tolerance.
AA-PT produced (Figures 6):
» a significant better tolerance of glucose load at day 7 and 14

FIGURE 6: BEFORE TREATMENT FIGURE 6: DAY 7
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FIGURE 6: END OF TREATMENT

p =0.02

180

160

140

120

100

Blood glucose (mg/dL)

80

60

0 15 30 45 60 90 120
Time (min)

m AA-PT ® AA-PT Control
N=5

Discussion

Preliminary results suggest that the Physiomimic Technology™ amino acids have a
more physiological absorption kinetic, with possible beneficial effects on AA
oxidation and catabolism with a direct impact on muscle mass and strength and on
glucose tolerance in normal healthy rats.

BUN results, after acute and long-term treatments, suggest better AA utilization,
less AA oxidation and fewer catabolic episodes

Markers of muscle strength and anabolism / catabolism further support this
hypothesis.

Improved glucose tolerance has been demonstrated with AA-PT treatment.

Based on these pre-clinical results, follow on clinical studies are being designed to
evaluate the effects of prolonged absorption and better amino acid utilization on (i)
body composition (ii) muscle performance (iii) markers of oxidative stress (iv) Phe /
Tyr ratios and their fluctuation.
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