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Na/K-ATPase activation. Superoxide levels, a marker for oxidative
stress, were significantly reduced by pNaKtide in 3T3L1 cells (fig.
S2C; P < 0.05). No cytotoxic effects of pNaKtide were noted at the
studied doses (up to 4 mM) (fig. S2D).

Effect of pNaKtide on adiponectin levels and adipogenic
markers in murine preadipocytes
Administration of pNaKtide increased adiponectin levels (Fig.2A;
P < 0.05), a known marker of small insulin-sensitive and healthy
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adipocytes (35). Furthermore, our results showed that pNaKtide
treatment significantly reduced the expression of adipogenic markers,
including FAS, MEST, and PPARg (Fig. 2, B to D, respectively). Thus,
pNaKtide prevented adipocyte dysfunction, an effect that could be
attributed to its role in cellular redox through the Na/K-ATPase signal
cascade.

Fructose has been shown to induce oxidative stress and increase
adipogenesis in adipocytes exposed to adipogenic media (36). As shown
in fig. S3, the fructose-induced increase in adipogenesis was prevented
Fig. 1. Effect of increasing pNaKtide concentrations on adipogenesis in mouse preadipocytes. Adipogenesis was measured as the relative absorb-
ance of Oil Red O at day 7 after inducing adipogenesis as described in Materials and Methods. (A) Representative images. (B) Quantitative data expressed

as means ± SE, n = 7; *P < 0.05 versus control.
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by treatment with pNaKtide in 3T3L1 cells. Similarly, addition of glucose
oxidase to the adipogenic media also increased lipid accumulation
(fig. S4A) and the adipogenic markers FAS and MEST in 3T3L1 cells
(fig. S4, B and C), and this was significantly attenuated by concurrent
treatment with pNaKtide. Treatment with pNaKtide also decreased
protein carbonylation and blocked the Na/K-ATPase–regulated acti-
vation of Src and extracellular signal–regulated kinases 1 and 2
(ERK1/2) in 3T3L1 cells exposed to glucose oxidase (fig. S5, A to C,
respectively).
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Effect of pNaKtide on body weight and visceral and
subcutaneous fat content in mice fed a high-fat diet
In our in vivo studies, C57Bl6 mice were exposed to a high-fat diet for
4 weeks and then given pNaKtide at different doses via intraperitoneal
injection, and the high-fat diet was continued for another 8 weeks. In
parallel experiments, rhodamine-labeled peptide was demonstrated to
accumulate in adipose tissue (fig. S1B). Administration of pNaKtide at
25 mg/kg intraperitoneally every 8 days markedly reduced adiposity
in these mice, with lower doses having less effects (Figs. 3 and 4).
Fig. 2. pNaKtide increased adiponectin levels and decreased adipogenic markers in 3T3L1 adipocytes. (A) Adiponectin levels were determined in
conditioned media obtained from 3T3L1 cells after treatment with pNaKtide for 7 days. Cells were treated with varying concentrations of pNaKtide, and

0.7 mM pNaKtide was determined to be the optimal concentration for increasing adiponectin levels. Results are means ± SE, n = 4; *P < 0.05 versus control
(CTR). (B to D) Expression of (B) FAS, (C) MEST, and (D) PPARg was determined by Western blot analysis in 3T3L1 cells after treatment with pNaKtide
(0.7 mM) for 7 days. Quantitative densitometric evaluation of protein ratios was done. Data are expressed as means ± SE, n = 6; *P < 0.05 versus control.
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