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Metabolic acidosis adversely affects musculoskeletal and endocrine systems as well
as protein and lipid metabolism. Excess energy is stored as triglyceride in adipose
tissue. During period of increased metabolic demand, free-fatty acid (FFA) and
glycerol are released in response to catecholamine, a process called lipolysis.
Catecholamine stimulates lipolysis through cAMP/protein kinase A pathway resulting
in phosphorylation of hormone sensitive lipase (HSL) and perilipin (PLIN), which then
cleaves triglyceride into FFA and glycerol. In vivo studies in humans and animals
demonstrated decreased FFA availability in acute metabolic acidosis. The present
study investigates the mechanism underlying the anti-lipolytic effect of metabolic
acidosis in vitro. Mature adipocytes in culture were differentiated from human
mesenchymal stem cells isolated from bone marrow. Concentrated HCl was added to
lower the medium pH. Basal and isoproterenol-induced lipolysis was determined
based on the amount of FFA and glycerol release into the culture medium corrected
by protein content. Lowering pH from 7.4 to 6.9 suppressed basal lipolysis by upto
30% and isoproterenol-induced lipolysis by upto 70%. Manipulating cAMP/PKA
system was unable to restore lipolysis. The role of serine/threonine protein
phosphatase (PP) that dephosphorylates HSL and PLIN was next examined.
Tautomycetin and okadaic acid, PP1 and PP2A inhibitors were able to overcome the
anti-lipolysis suggesting the involvement of HSL and/or PLIN phosphorylation. In
conclusion, metabolic acidosis inhibits adipocyte lipolysis through attenuation of
phosphorylated HSL and/or PLIN.
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Metabolic acidosis adversely affects protein and lipid metabolism as well as
endocrine function. Adipose tissue, a site where excess energy is stored as
triglyceride, communicates with the rest of the body through synthesis and release
adipokines such as leptin, adiponectin and TNF-alpha. Metabolic acidosis suppresses
leptin in animals and cultured adipocytes. Adiponectin is known to enhance insulin
sensitivity, improve endothelial function and possess anti-atherogenic and anti-
inflammatory properties. Serum adiponectin is negatively correlated with
cardiovascular outcome. The present study investigated the effect of metabolic
acidosis on adiponectin mRNA expression and protein secretion. Adipocytes were
differentiated from human mesenchymal stem cells (MSCs) isolated from bone
marrow in the presence of PPAR-gamma agonist, dexamethasone and insulin. In
order to reduce bicarbonate concentration, concentrated HCl was added to the
culture medium lowering bicarbonate concentration from 24 to 12 mmol/L and pH
from 7.4 to 6.9. Adiponectin mRNA and protein was determined at 48 and 96 hours
by real time RT-PCR and ELISA respectively. Our MSCs were able to differentiate into
mature adipocytes demonstrated by the morphological changes and the presence of
GPDH enzyme activity. Metabolic acidosis significantly suppressed adiponectin
MmRNA by 40% (p<0.005) at 96 hours despite the slight increase in triglyceride
accumulation. In conclusion, metabolic acidosis inhibits adiponectin gene

transcription and protein secretion from adipocytes.
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AAAN:  NNITNIA,  LDAMINYK,  NNSRANUAIV8I AW,  adiponectin,  LaguiLie
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mznsaludansinaudaszuunautiie n3zgn dadlsvie waziwauaRTuvasllsin
uaz ludn wé‘odmmmﬁuﬁs”mmUVL@T%‘ua:gﬂLﬁu"l,ﬂugﬂmad"l,mﬂﬁLsﬁavlmﬁluvlmﬁu 128N
fisremesndudasldwaseu catecholamine ﬁ]z"lﬂﬂ‘sz@‘julﬁuﬁavlmﬁuﬂa@ﬂdaﬂ fee fatty
acid ua glycerol HIWN3ZLAIBMINGZLNIN lipolysis T9oNdEN37¥NNUBE9 CAMP/PKA T
mim:ﬁulﬁlﬁﬂ phosphorylation 84 hormone sensitive lipase (HSL) W&z PLIN ¥inl#d
mysao@vedlanfialdliiiu free fatty acid :nmsdnmluuysiuazdainanss
WUNTUVRS free fatty acid lwdenaaasluniznsa souwsswimsdsuiadnmn
nalnm3suda lipolysis in vitro I@Umﬁ'ﬂLmavlmﬁu%qgﬂm:@julﬁﬁﬁzyLauimmmmeﬁaﬁu
e mesenchymal ﬁvl,ﬁmﬁnﬂvlmngﬂluﬁaamaad mssenznsalmiaduluans
WRlERss AT HafomsI@unse HCl taaaanududusas HCO, uaz pH 31N 7.4
1w 6.9 ﬁnﬂﬁ?ui'@ basal Wz catecholamine-induced lipolysis a1nUIau1tk glycerol ﬁ‘ﬂg\‘i
ponunluETUREITE NNNANISANENNUINNENTATUST basal lipolysis 30% W&
catecholamine-induced lipolysis 70% N1¥na8al cAMP/PKA pathway wudnlaifisndag
AUNNTAARIVEY  lipolysis au&qjagmguﬁlﬂﬂﬂﬁ Ao NIAeasad HSL uaz PLIN
phosphorylation ﬁ\‘iﬁ?miﬁ\‘iﬁﬂmmwﬁﬂﬂﬂa“ua\‘i serine/threonine protein phosphatase
(PP) @sfwinfilun1s dephosphorylation 183 HSL uaz PLIN WAMINaassnuin
tautomycetin Ua okadaic acid FollumsefiASgnaguss PP1 uaz PP2A snansaliiy
lipolysis T¥viniulugnzun@le uaasliifiuinnsanasves HSL uaz/via PLIN il
saunlumssugs lipolysis Tunnaznsa a;ﬂ"lﬁdﬁmazﬂmﬂ'ufd lipolysis laavinlwiiny

8A8IVDIUINI™ phosphorylated HSL 1az PLIN
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AAAN:  NNITNIA,  LOAMINYK,  NNSRANUAIV8I AW,  adiponectin,  LmaguiLie
mesenchymal

Aznsalufeasinansznuaanvinnusesded3vie weuadduvasluin uazldsdu
Tsiuinnanananduunsiaesundsnudininud Snaalstusfiadnsg wu leptin,
adiponectin 18z TNF-alpha Lﬁamuqumsﬁwmmmms] 284319M8 NNIANE LY
ORANLIINNIZNIATNNIASUSINIFIIULaZRAS leptin ntaalusin §1w5U adiponectin
swsalaiflasvinns@nw adiponectin ﬁqmauﬁalumnﬁu insulin sensitivity Tae1#ny
¥nuwadea endothelium ad% asiumsifia atherosclerosis Ua aa inflammation
AUV serum adiponectin wUIWNNRWNLY  cardiovascular outcome mﬁ%’mfﬁﬂu
MNIANBNANIZNLYBINIZNIARINITFIIIUAZAAT adiponectin s b
wigdulasnanisaduiiiia mesenchymal va3aywse (MSCs) ﬁ"L@Tmmﬂ”lmm:@ﬂslu
Woanaaad mMIaes MSCs lussindsaaaiitsznoulidrs PPAR gamma agonist,
dexamethasone Waz insulin au1Invi I MSCs wsadulaliidwers luiwle nsasns
mznsaliiAedulusnindldifsamaiuondomadunsa HCl iieananudutuses
HCO, 911 24 1§ln 12 waz pH 910 7.4 1Tlu 6.9 MNiWIaszey adiponectin MRNA 7 48
sz 96 T11u9lan3? real-time RT PCR waz Jai5unm adiponectin protein 1ag3% ELISA
namsAnwIwudn MSCs snansatasaidulalthilwes luadwldiiuained lagasidnle
nnzivuazdSunmves GPDH enzyme nensarinlilinsanadwes adiponectin
mRNA 13231 40% 71 96 771w (P<0.005) waz adiponectin protein finadaanyluas
HasTaaaaslzanm 20% luwwaefifilinawes triglyceride Ruanniu ﬁi;ﬂvlﬁjﬂ

AMTNIASUEINTEY adiponectin mRNA Waz M3Aad adiponectin 1Us@nanLsa lsin





