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HXpoglycemia induced by insulin increases hepatic capacity to 

produce glucose from gluconeogenic amino acids 
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gluconeo— during HII． These results call be attributed to the 

higher hepatic catabolism of bo th amino acids，sino~the 

ability oftheliverto produce glucosewas not affected 

by hyl~glycemia． 

AIM ：To investigate the hepatic capacity to produce 

glucose during hypoglycemia induced by insulin LHII)． 

M匝T呻0I玲 ! Livers from 24一h fasted rats which 

received iP insulin‘咖 rats)or saline(control rats) 

were perfused in situ． The gluconeogenic substrates 

L-alanine(5 mrnol／L)，L—glutamine‘5 mlTIOL／L)， 

L—lactate(2Ⅱ1r∞l／L)，and glycerol(2 mmol／L)were 

employed． gluconeogenic activity was measured 

as the difiefence between rotes of glucose released 

during and beforethe substrateinfusion In part ofthe 

experiments the production of nrea was measured． 

Before the liver perfusion blood was collected for 

determination of glycemia and insulinemia 

RESUU ：咖 Pats showed：(a)hypoglycemia and 

hyperinsulinemia；(b)Increased hepatic capacity to 

produce glucosefrom L-alanine and L glutamine；【c) 

Inereased h~ tic ureogenesis from L—alanme and L— 

glutamme； and (d) mcreased hepatic glucose 

productionfrom glycero1． However，hepatic glucose 

production from L．1actate was not aff ected by 

hypoglycemia． CONCLUSION： In spite of 

hyperinsulinemia the hepatic capacity to produce 

glucose from L—glutamine and L-alanine increased 
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1k  abmtv of the liver to 珊0duce glucose is 

crucialtothemainten~ce of a supply ofglucoseforthe 

brain． Thisisparticularly critical during hypoglycemia 

induced by insulin 【HII)，a condition where the 

consumption of glucose is markedly increased． 

In addition． it is well established that insulin 

inhibits the mobilization of ~ilino acids and key 

enzylnes of gluconeogenesis ， but it mtlst be 

considered that HⅡ stimulates the rdease of anti-insulin 

hormones ． which incr黜 the rate of hepatic 

gluconeogenesis 。 Thus．the maximal eapacity of 

the fiver to convert~lainoaci ds to glucose duringHIIis 

not clear， sInce the plasma levels of amino acids 

increase or decreaselo depending ou the ex嘟 i— 

mental conditions． In addition．theliver is simultane- 

onsly submittedtotheinfluence ofinsulinInjected and 

endogenous anti-insulin factors． To c1arify this 

q~ fion ．we employed isolated fiver，which received 

saturetmg coneentmtion of gluconeogenic substrates． 

T}1is experimental approach discards the influence of 

changing in the flux of waino acids to the fiver． 

Since ginconeogenesis is vitalto glucose recovery， 

if the hepatic glucose production from amino acids， 

during HII，is maintained，these lind． s might have 

signiflcant implications． 15erefore， the aim of this 

investigation was to determine whe ther the maximal 

capacity oftheliverto pl'oduceglucosefrom L。alanine 

and L． ulam~ was aff ected by HH． 
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mIts Albmo 3 Wistar rats 蛐 about 

'200 gwere starved(24 h)and dividedintwo groups． 

Tbe HII group was o0r叩 0s。d by rats，which received 

an ip_mjection of嘲 insulin(1．0 U‘kg )．Rats 

that received an ip injection of e ccl硼 0sed tl 

control group． 

B印日 吧mal dl姆 Because b) 毽l a哪  
weⅡ established l h an盯 i墙uljn s瞰 ．缸  

time啪 s selectedto 删 tl liver p既f ． Thus，at 

this time，tl rats were anesthetized by injeca~ of 

眦baIbi试 (40mg‘ )删 a脑 la~tmtany，H00d 

哪 曲 Ⅱ0 d 丘an c啪 vein 如 ddaⅡ 衄 of 

a aIld jnsIdjmm．咀【叫．Thc livers惭  m倒  
／n sit,aS~scribed pfevid】sl 11,12]

．  

After a p托·peIfl On peri0d，pIecIⅡsI)rs ofI~ atic 

glucose (L·alanir~， L·gIu ne， L-lactate， and 

glycero1)were infused and d】 gluconeogenic activity 

WaS measured as tI d f￡啦 between n峨 of glucose 

released dI|rin旦 and before tl1e subsWa~e illf~ on． 

Sa~ les of the effluent De1 lst0n fluid were coIlected in 

2-min intervals and analyzed for D-glucoseL ． In 

addition，h印nt|c l粉 p￡o由 血m L．alo e and 

￡．du￡锄 ine懈 n~asmed。l ． 

Re L—alo e， L—glutmNne， and L一 

1aerate were imrdlased Sigma．UsA． All 0lher 

reagems、惯e ofthe hi~est 印obtainable． 
S啪 gdad ana】【 出  Stati~cal analyses were 

performed using t test or ANOVA usil培 tl1e program 

Primer bi0st cs(version 1．0)． 1 舢 I仨inthe 

textⅢeI~ sented aS Ji"± ． A 95 ％ level of cx~nfi— 

d巳懈 (P 0．05)was acceptedf-Ⅲall c(m s锄s． 

One }l0l】r after in飘lh Mministrati~ ， plasma 

insulin levels increased(P<0．05) (27．0±5．3) 

mU·L 幻 (136．3±26．4)mU‘L and g 

de eased(P<0．05)丘Ⅸn(4．9±0．10)mmol／Lto 

(2．5±0．06)mll~l／L． 

Livers丘oIn hypoglycemic rats shawed increased 

(P<0．05)hepatic c邓咖 tO~ iuce gI 丘Drn 

L-alarfine(Fig 1A)and L-gluUm~ (Fig 1B)． 

Similar re~ ts wefe~oserved f_Ⅲ IⅡe0 嘶s，since 

lⅡea production 丘om L-ala~tine (F lC)and L- 

glataraine(Fig1D)wcreincreased(P<0．05)． 

In addition． glucose pmducti~ 丘om L—lactate 

Ⅷ not affected by hypoglycemia(Fig 2A)． How- 

evⅡ， hepatic glucose production 丘Ⅸn glyeeml was 

stirnt~ted(P<0．05)by hypoglycemia(Fig 2B)． 

Although tl1e levels of blood gl ose preeursees 
like 【Ii|∞ acids，glycerol，and L．1actate changed【 一 J 

蛐 g hy~glycemia， tl1e cat~ ity of the liver to 

pmd~e glucose these substra~s &~ing gI 

recovery is not c1eⅡ． To clari句 this question 

employedi＆D1a dliver丘ornfasted rats．which received 

saturating concentration of ll(：0】 0星 sul：~rates． 

Tl1is experimental即 pr0ac}I discards the influence of 

hep~ic glycogen catabolism and tl1e variability of 

hepatic glucose删[ecl s0rs to the live~1 -l2】． 

1tlIls，tl1e capacity oftl1elive~to produce曲Jc0se 

glue~ eogeme pI H 山 Dg HII WaS 

investigated． 

F'~stly，tl p￡0血 册 of gluc~,e丘啪 L—alani~  

and L-glutamine，quantitatively 0I协m ~millo acids 

precurso~ ofgI inthefive~，wereinvestigated．In 

spite of 出 u1itl劬 ，livers丘om hyl~,lycerme 

Ials对∞wed incI氍lsed(P<0．05)glu‘ plD 锄 

缸m L—ltl~ e(Fig 1A)and L—glutamine(Fig 1B)． 

The ine~ sed hepatic gluc~e production 

amino acids can be attributed to tI fact吐Iat tI 

catabolism of L-alanir~ and L-glutaminewas K日Ⅺsed 

&~a'ing HII． In ag 咖 t with 山is sugge蚶0n，the 

urea p d0n丘Ⅸn ￡-alartine(Fig 1C)and￡一 

砌mjDe(Pig 1D)WaS increased(P<0．05)in livers 

丘orn I~ glycemie rats． 

Since hypoglyeemia also K 瞄Lsed d】 ability of 

tl1e five~ to pmd~e glu
．
c~ 丘Ⅸn l~fruvate (nef 

sIl∞ved)and gIycerol(Fig 2B)，substra~s which 

eIl蠕 tl1e glue~eogenie pathway~espectively at the 

fast and triOSe口l10s step． The absence of锄 

increased glucose pf0( 0n hDrn L-laclate(Fig 2A) 

in livers丘Ⅸn HII rats was m unexpected result． In 

agreement wi山 mis 0l，sem 血m。 Mdmda and 

S 国rr- 驯 demonstrated an irIcfe删 incorporation of 

HC n L．1actate into ble~xl glucose。5面 n after an 

ivin 0n ofinsuh ，ie beforetl1e release of∞umer- 

regulatory honllon~s． One p蛐 m印，to explain 0IⅡ 

results for L．1actate。 iS 吐lat HII rats，like diabetic 

rats[141
．
sIlowed increased cytosolie NADI-I／NAD 
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g1- G1l-c魄 肋d l嘲 尹 1．】 矗劬 工·al丑虹_唑 lIeft side)锄d工- Ⅱ扫l妇 fright商de)．m p目响婶ed壮 r 

翱lj1* c口)锄d in幽 ．m 枷 m忸 (■)． 11-e efllu~t perf_瑚I证 惴 翻mpl酣 ．m 2-血 ．田吣m出 锄d 

a Iyzed f0r ll。ose柚d l脯 ． Va】艄 ale 加郇 0f s a邛 由n雠 ． 11-e嘲 岫d盱 a 嗽 妇 斑Ilil-e 

【I柏删帅 yc c)锄d．m吼IIin c 哪 cl i ec钯d埔船眦 ：A c4．9±0．7)I删m-g (7．6±1．1)|lm0l- 

g_。一B c2．2±0．2)I蛐0l。g_l僻 (4．4±0．8) mDl·g_。。c c9．9±0．6)I蛐d-g 僻 (1s．4±1．3)．In吼·g_。．∞d D 

(12．5±2．6)I‘m0l。g 僻 (24．4±3．6)．I卫nDl·g一．增spec吣 ． 

ratio，which dec删 恤 abilityofn1cliverto convert assisuxeedming experiments 

L lactate 协 ∞ lvate， a crucial step t0 s 

u00IIeo 舯0sis from L-lactate+ 

h Ⅻ  ， pharmacological d0ses of insulin Rl睡El诬 N S 

increase the hep砸 c capacity to pr ：e glucose． 1 

Ttuls， we can conclude 吐Iat nlc 。0u咖 TegIIlat 

hormones released during咖  一7]m Ⅸ Ile the iIIsIlHn 2 

inhibition∞ key en巧mes of uc0∞。g∞商 s and the 

hepatic ability l0 pIodIlce ucose not only 

maintained(己．1ac诅te)．buf als0 mllla0。d(for L一 

al~ ae，L-glut~ire， ycer0】)． 

Tl磷ef-mdi~gs百ve d lx~ibilityfor u虹唱aInI加 

acids supplementation 协 ~'eat咖 ． h fact． tbis 4 

possibilitywasinvestigated删 m词yL “，butfilrther 
in、re g吐|0IIs aIe necessary协 establishmeilrlt~l'tallce 

of ∞ adds administrationto g1Il‘，0se recovery． 
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