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AMP-activated protein kinase Activating Agent and Its Implication
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AMP-activated protein kinase (AMPK) is an important cellular fuel sensor. Activation of AMPK requires phosphorylation at threo-
nine (Thr)-172, which resides in the activation loop of the a1 and 02 subunits. Several AMPK upstream kinases are capable of phos-
phorylating AMPK at Thr-172, including LKB1 and CaMKKp. AMPK has been implicated in the regulation of physiological signals,
such as inhibition of cholesterol, fatty acid, protein synthesis, and enhancement of glucose uptake and blood flow. AMPK activation
also exhibits several salutary effects on vascular function and improves vascular abnormalities. AMPK is activated by numerous
drugs and xenobiotics. Some of these are in clinical use for the treatment of type 2 diabetes (e.g., metformin and thiazolidinedio-
nes), hypertension (e.g., nifedipine and losartan), and impaired blood flow (e.g., aspirin, statins, and cilostazol). Plant-derived xeno-
biotics or nutraceuticals that were claimed to have health benefits in diabetes or cancer have been reported to activate AMPK. These
include resveratrol from red wine, epigallocatechin gallate from green tea, capsaicin from peppers, berberine, which is a yellow dye
of the genus berberis, genistein from soy bean, and ginsenoside from ginseng panax. AMPK is also modulated by numerous hor-
mones and cytokines that regulate energy balance at the whole body level, including leptin, adiponectin, ghrelin, and even thyroid
hormones. This work shows that the precise mechanisms of AMPK kinase and AMPK interaction. (Endocrinol Metab 27:109-115,
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Aolgl AEe] thAtzbe ATPS ADPE AUALO 2 ALG
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= serine/threonine kinaseZ2A] A3} v} tjALe] ZAolx =
A Qlow G} Hvte] Fa39F 2A2E-S SITHI. AMPK=
Al W of|A] 25 A F7kE= AMPe] o] Eg3tE]o] ATP AF
&2 AAANZIH, o|F}AH-E-(catabolism)»E FE5H0] AUA] A

(homeostasis)g F-A/5k+= ] 291 Ak FHrH2].
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o] 12709 2ol Sl= Ao ® A QUTH3l. o] F a &%
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1729 threonine (Thr-172)7} 214ksH(phosphorylation) &)= Zlo] 2
d3tE]= Zoln AMPKE] th2 23} Fol= oA QIA] edThdl.
whebA] AMPK 2231 S48k W2 A2 Thr-1720]] gk Q14
3} FAE o8t o] F= o] FofRirt o 259 C-ET =
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Fig. 1. Key processes of energy metabolism regulated by AMP-activated pro-
tein kinase (AMPK) (Adapted from Hardie DG, et al. J Physiol 574(Pt 1):7-15,
2006) [9].
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Fig. 2. Regulation of AMP-activated protein kinase (AMPK) by phosphorylation
and adenine nucleotides (Adapted from Hardie DG. Genes Dev 25:1895-1908,
2011)[30].
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Table 1. Various drugs and herbal medicines that activates AMP-activated pro-
tein kinase

Type of treatment Treatment Primary reference
Biguanide drugs Metformin Zou et al., 2004 [34]
Thiazolidinediones Rosiglitazone Boyle etal., 2008 [35]
NSAIDs Aspirin Sung etal., 2011 [37]
Statins Simvastatin Choi et al., 2008 [15]
Atorvastatin Sun et al., 2006 [38]
Ca” channel blockers Nifedipine Sung etal., 2012 [40]
AT, receptor blockers Losartan Kim etal., 2010 [41]
Phosphodiesterase inhibitors  Cilostazol Kimetal., 2011 [42]
Red wine Resveratrol Zang et al., 2006 [43]
Pepper Capsaicin Kim et al., 2007 [45]
Soy bean Genistein Elmarakby et al., 2011 [47]
Green tea EGCG Chenetal., 2012 [49]
Genus berberis Berberine Jeong et al., 2009 [50]
Onion Quercetin Jungetal., 2010 [51]
Salvia plebeia Hispirudin Yang et al., 2010 [53]
Curcuma longa Curcumin Lee etal., 2009 [55]
Juniperus chinensis Extract Kim et al., 2008 [56]

Ginseng Panax Gingsenoside Re Quan etal., 2012 [57]

EGCG, epigallocatechin gallate; NSAIDs, nonsteroidal antiinflammatory drugs.
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