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Abstract: Elevated plasma branched-chain amino acids (BCAAs) are one of the robust predictors of development of type-2 diabetes mellitus (T2DM) in humans. Also, the recent literature links BCAAs to disrupted mitochondrial metabolism during insulin resistance and Non-alcoholic fatty liver disease (NAFLD). Around 70% of
obese patients are affected by NAFLD and are further predisposed to T2DM. Therefore, understanding the role of BCAAs in the setting of metabolic diseases is of significant interest. We hypothesized that BCAAs aggravate insulin resistance when supplemented with high-fat diet. Mice (C57BL/6N) were either fed a control (LF;
10%Kkcal from fat), high fat (HF; 60%kcal from fat) or high-fat diet supplemented with BCAA (HFBA; 60%kcal from fat and 150% BCAA) for 24 weeks. These mice were either fed or overnight fasted HFBA. Another set of mice on HF and HFBA diets were inserted with a jugular vein catheter and were subjected to hyperinsulinemic
euglycemic clamps. All the mice were sacrificed for blood and tissues. Mice fed with BCAAs showed a 1-2-fold elevation in circulating BCAAs and their respective keto-acids (BCKAs). Mice on diet were associated with higher levels of blood glucose and plasma insulin compared to their HF counterparts when fasted. Furthermore,
BCAA supplementation caused a lower suppression in endogenous glucose production with insulin and has higher hepatic insulin resistance index (HIRI). Overall, the data suggests that BCAA supplementation worsens the insulin resistance in mice when supplemented with high-fat diet. The data also implies that excess BCAAs
supplementation during pre-existing metabolic diseases would impair hepatic insulin sensitivity.

Introduction Fig 3: Lower suppression of EGP with insulin in HFBA mice

* Elevated plasma branched-chain amino acids (BCAAs) are one of the robust Fig 1: Elevated circulating BCAA and BCKA |ecvels 4 - 60 10-
predictors of development of type-2 diabetes mellitus (T2DM) in humans (2:3) c X f= O 3
(=)
* BCAAs are well known as precursors of protein synthesis, but their role in _. 500 P -1.2 < 300- -1.2 % 3- v 8-
mitochondrial lipid metabolism and insulin resistance is still unclear %_ 400- n T = I n - 9 % =~ 6-
. . . . . : . - a O
* The recent literature links BCAAs to disrupted mitochondrial metabolism during o -0.8 % S .GE, 200- * c10.8 % 8 £ 2- % T
insulin resistance and Non-alcoholic fatty liver disease (NAFLD) () S 300- T - O & 2 b O & = & 4-
. > -~ = Q > = 0 1 —
* Around 70% of obese patients are affected by NAFLD and are further 200- T 2 m - 2 1 o 9.
predisposed to T2DM 34) S 100 _0'4‘8 ﬁ_ g 100- -0'4‘-8 ﬁ_ 8 >
* Therefore, our goal was to determine the role of BCAA supplementation in a $ % 0- Basal Clam 0-
pre-diabetic environment (or when supplemented with high fat diet) 0 - - -0.0 0 Fod Fast 0.0 P
e as
ed Fast B HF HFBA
Hypothesis: -
o . . a. Concentration of plasma BCAAs a. Endogenous glucose b. Hepatic insulin
BCAAs aggravates insulin resistance when supplemented with high-fat diet . . .
production resistance index
Methods 3 ° 3 c
3
Mice (C57BL/6N) were either fed a control (LF; 10%kcal from fat), high fat (HF; ~_;: 21- . -1.5 = 20-
0 I _ i ' - 0 - - no— . . .
60%kcal froom fat) or high-fat diet supplemenjced with BQAA(HFBA, 60 /o_kcal from 5 18 N n 7 o _ n * Plasma BCAAs and their respective ketoacids are elevated after
fat and 150% BCAA) for 24 weeks. These mice were either fed or overnight fasted. 8 15- N\ 10 O 4 O 15 o 4 HEBA g heir HF
Another set of mice on HF and HFBA diets were inserted with a jugular vein ‘T 492- S ' g < -§ g < compared to their counterparts
catheter a.n.d were subjected tq hyperinsulinemic euglycemic clamps. All the mice % 9- s =3 ‘_”n o 10- = ‘_”n * Blood glucose and insulin are lower in fed HFBA mice, however
were sacrificed for blood and tissues. é 6- S 0.5 3 2 2 ; 2 2 both are high in fasted HFBA mice
= ® ~ R l i ® ~+ . . L
% 3- S 9 0.5 * Mice fed with HFBA have lower suppression in endogenous
X 0 - ‘ 0.0 S 0 glucose production with insulin clamp
Experiment 1: M lic profilin 3 e ast : Fed Fast . _ . o .
P etabolic profiling c * HFBA mice have significantly higher hepatic insulin resistance
iIndex
LF 1] LF Il HF HFBA
. 7 r_nlc.e; fetdd = « Isolate mitochondria _ Conclusion
mice. faste ‘ —. |« Gene and protein b. Concentration of plasma BCKAs
HF : Vﬁ:fki - expression * BCAA supplementation elevates plasma BCAAs and their
7 mice: fed — : : :
S el ondiet ™ Serum — | Metabolic S £ otabolic flexibilitv in HEBA mi respective degradation products (BCKAs)
profiling IJ <. LOSS OT mMetaboliIC TIeXIDHIY INn mice . : : : : :
HFBA BCAA supplementation could worsen the insulin resistance in
8mice: fed mice in an pre-insulin resistant environment
8 mice: fasted —_ — . . L .
—E' 121 2 . 106 = 250- . c r1.00 * Excess BCAAs supplementation during pre-existing metabolic
5 o2 b diseases such as fatty liver disease would impair hepatic insulin
2 b S o £ 200- 075G @ ’
= 8- 0428 = * ¥ 022 sensitivity.
Experiment 2: Hyperinsulinemic euglycemic clamp = 0 @ 15011 22T 05092 &
i B S 100- IR U8 . References
B linfusion: HF (n=7) E 4- a 0.2 «Q 8 O) S . 0.25 Q 8 1. Sunny, N. E et al., (2015). Cross-talk between branched-chain amino acids and hepatic mitochondria is
On diet | Implant_ Tl‘alzatrégel:‘zlon. HFBA (n=_»9)f« . BIIOO d.frorr? E ® -~ '§ 50- S - ® -~ clg,;er?;gg;g;e,%?g?‘%?aég?wgg1fg’fty liver disease. American Journal of Physiology-Endocrinology and
for 24-25 |— | jugular vein |— \oreinfusedat ~— \ tail vein prior % 0 L 0.0 0 0 N .0.00 2. Herman MA, et al.,. Adipose tissue branched chain amino acid (BCAA) metabolism modulates
wks catheter 3 rate of 0.12 to clamp Fed Fast ' Fed Fast ' circulating BCAA levels. J Biol Chem 285: 11348 —11356, 2010.
ml/hr for 1.5 e as e as 3. Newgard CB, et al., A branched-chain amino acid-related metabolic signature that differentiates obese
hrs ] 1 and lean humans and contributes to insulin resistance. Cell Metab 9: 311-326, 20009.
4. Browning JD, et al., Prevalence of hepatic steatosis in an urban population in the United States: impact
[ LF __ HF HFBA of ethnicity. Hepatology 40:1387-1395, 2004.
Clamp infusion: the following are infused at a
rate of 0.24 ml/hr after basal infusion to the Funding
same animal : :
a. Concentration of Serum . Concentration of bl . .
. 13C, Glucose in 30% Unlabeled glucose at a Concentration of Seru b. Concentration of blood This work is funded by NIH-NIDDK RO1 grant
variable rate Insulin glucose

* 5 mU/kg/min Insulin



