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The converrion of 3 and 4 cerban precurrorr to glycogen and gluco8e 

in liver uui the influence of adrenal cortical hormone8 on ruch comer- 

rion8 have been extea8ively lnve8tigated (Gori, 1931; Ikchema 8nd Ha8- 

ting8, 1946; Wood, 1946; Krebr, 19%; &hrore et al - e's 1960; Long, 1960; 

Landau et al., 1963; Weber, 1963). -TWX, infWUtfai8 lirited l 8 

t0 COrrCaiUnt CiUnge8 in metabolic intenwdi8te8 (HOhOr8t I& 8&, 1962). 

Thi8 p8per report8 the Churge8 in level8 Of met8bolit.r Of the Krebr 

cycle and glycolytic pathway after Ha lactete and/or hydrocortl8oae d- 

mini8tration. I%8 rrruhr help to ipdic8te the pathway and control 

point8 Of glyCOgeEW8i8. 

IWe rat8 (lSU=200 g, Holt8m8n Strain) were ma8thetlred with Na 

phenobarbital, (150 ag per kg) aml after experImenta procedurer, liver 
n 

wa8 froren with Freon-12 at -156, either in rltu or immediately 8fter -- 

eXCi8iOlB. Sample8 were welgbed at -20°, homogenirsed et -10" in 2 H 

HC104. diluted 3-fold with 5 m?I l queou8 D'IA, and centrifuged. The 8u- 

pernatent fluid wa8 neutmlired with KHq. 

Mart of the 888ayr were made by publl8hed fluorometric method8 

(Lowry et al., 1964). Malate (Fleming, Pa88onneau and Lowry, unpubli8h- 

* Supported by Hationel Science Fouml8tlon grant GB-2294, United State8 
Public Health Service grant HD-00376 end NB-01352. 

+ Po8tdoctorel trainee 8upported by Grant STl-GM-96-06 N8tional Ixuti- 
tute of General B&dim1 Sclence8. 
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Figure 1. Changer in 13 constituent8 of rat liver following lactate ad- 
minirtration. Rat8 were 8tuved 24 burr, anerthetired with phenobarbi- 
tal and 30 minutes later injected lntraperitoneally with Da 18cutr (1.5 
8 per ko)? Liver8 were exci8ed 30 or 60 minute8 later. Control levelr, 
recorded 88 molar per kg, are the mans + rtdard errors for 9 r8t8, 
except that for dGP and UdPG the averages represent 4 rats. Control rat8 
received intraperitoneal isotonic saline. gach curve reprerentr the 
average for 4 to 6 animsl8 except that on the 30 mlmte lactate curve 
the 4GP point reprerentr 2 rat8 and the UDPG point 1 at. Plar~r lactate 
value8 were 6.6 and 4.7 mole8 per liter at 30 and 60 minute8 after lac- 
tate 8dminirtr8tion. Control levels averaged 3.2 moles per liter. 

ed) and citrate (Goldberg, Pa88ounem and Lowry, unpubllrhed) were a180 
. 

msasured by entymetic fluorasetric methods. UDPG’ was determined fluor- 

ometrically with UDPG dehydrogenare (Sigme Chem. Co.). 

Rerul ts 

Rate of Jycogen 8vnthe8ir: Injection of 0.75 and 1.5 g of Da lac- 

tate per kg respectively produced glycogen l ynthe8i8 in rtarved rat8 at 

rates of 26 and 35 mproler, kg-’ hrml (Fig. 1). Hydrocortleone increared 

glycogen levels 25 mole8 kg” hr” (Fig. 2) after l lag of 1 hour (not 

8hown). Lactate plus hydroaortlrene produced glycogen synthesis at a 

1 The folkwing l bbrevletiow era u8ed in the figuree or text: lectete, 
let; pyruvate, pyr; melae, ul; citrue, tit; P-pyruvate, PEP; 3-P- 
glycemti, 3PG; 4-glycero-P, @QP; dlhydrmacetone-P, DUAP; fructow- 
1.6.diphosphete, FDP; gluco8e-6-P. G6P; uridiue diphosphoglucose, 
UDPG; gluco8e. G; glycogen, gly. 
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Figure 2. Ch4nger in 13 cosrtituente of rat liver following lactate end/ 
or hydrocortirone administration. mts were starved 24 hours and l nea- 
thetired with phenobarbiml. Na lactate (0.75 g per kg) was given intra- 
peritoneelly.60 minute8 before sampling. Hydrocortirone (50 mg per kg) 
wa8 injected rubcutaneou8ly 2 or 3 hour8 prior to excision of the liver 
(0.5 or 1.5 hours before phenobarbital). Control rats received irotonic 
raline. Control levelr, recorded as mole8 per kg, are the average8 for 
2 mtn. Level8 in lactate-treated rat8 are the 8ver8ger for 2 rata; 
the hydrocortirone and hydrocortirone plur lactate level8 are the aver- 
8gea for 4 rat8. 

rate equal to the 8~81 of the individual rate8 (Fig. 2). 

Subrtrate levels after lactate adminirtration: Within 30 minutes 

after lactate injection, 2- to 3-fold increa8es were observed in hepa- 

tic lactate, melate, citrate, PEP and 3PG (Fig. 1). Pyruvate, however, 

increased mch lees even though it must be prerumed to be a precuroor of 

the,other 4 compounds. mate, (not ahown), increased in parallel 

with -late indicating equilibration between there two compoundr. o(GP, 

DMP, and PDP (at 60 minute8 only) increased 1.5 timee over control 

levels (Fig. 1). Glucose-6-P and UDPG were both near control levels. 

A lower dose of lactate induced similar ch8nger (Fig. 2) but UDPG 

level8 actually fell. Such a decrease after lactate adminietration has 

been confirmed by several subsequent experimenta. 
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gubrtratr level8 after hydrocortirone adminirtration: Hydrocorti- 

sane adminirtration resulted in a striking f811 in hepatic G6P and UDPG 

concentration8 (Fig. 2). No other intermediate8 changed signlfic8ntly. 

Lactate plu8 hydrocorti8one cau8ed an even more pronounced decrease in 

the UDPG level. Chenger in other 8Ub8trate8 were similar to tho8e with 

lactate alone. The unexpected effect8 of hydrocorti8one on UDPG and 

G6P level8 were rtudied a8 a function of time (Fig. 3). In etarved an- 

imalr, UDPG fell within an hour reaching a.minimm 2 or 3 hour8 after 

hydrocortirone treatment. In contralt, UDPG in the liver8 of fed rat8 

did not fall and wa8 dilltinctly elevated at 6 houre. The change8 in 

G6P were roughly perallel to those of UDPG. 

o.ct? Fm KG 
G6P 

_~.: 

2- 1_ 
0 I 2 3 4 5 6 

HOURS AFTER HYDROCORTISONE 

Figure 3. Effect of hydrocorti8one on hepatic UDPG and G6P levelr. Val- 
ue8 8re-recorded 68 molar per kg. Ret8 were either alla-wed free ewe88 
to food (fed) or starved 12 or 24 hours. 
3 rat8. 

&zh point i8 the everage for 

Di8CU88ion 

A oriori, an increelre in concentr8tion of 8cme precur8or might re- 

8Ult In 8n elevated level of UDPG ti hence p& glycogen 8ylIthe8i8; 
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converrely facilitation of the final synthetaae etep would lower the 

level Of DDPG and tend to && precurror rubatratrs from various poolr. 

A pull mechanirn of action for hydrocortirone i.8 Indicated by the con- 

rirtent decru8e in UDPG which it induce8 in 8tarved aaimal8. Since 

G6P level8 al80 fall, the increa8ed 8ynthe8i8 cannot be explelned by 

G6P rtimulatlon of glycogen rynthetare a8 portulated by Steiner et al - -* 

(1961) and Hllz c a& (1963). The8e iWe8tigatOr8 ob8erved 8ignificant 

increaeer in hepatic G6P content after hydrOCOrti80tm2 

liydrocortirone, even when combined with lactate, did not alter the 

other intermmdiater, ruggerting that it8 influence OR porrible intermed- 

iate rtepr (Urdy et al., 1964) pry not be related to the rtlmlatlon 

of glycogen clynthelir. 

In the ca8e of glycogen foxnation from lactate 8dminlrtration, al- 

though a pUrhm8chanI8m would heve been anticipated, both a pull and 

p& mechanisp l ppur to be Involved. DDPG level8 either fell or failed 

to rire rignificantly during rapid glycogen 8ynthe8i8. The other con- 

comitant change8 obrerved are more difficult to interpret. Lactate in- 

creamed much more in proportion than did pyruvate. Since pla- level8 

were 1.5 or 2 time8 higher than liver concentration8 (8ee legend to Fig. 

l), it ie probable that raae of the exce88 lactate wa8 extracellular. 

(In addition a decrure in the DPN+ to DPNH ratio would not 8eem unlike- 

ly during rapid lactate arrlmilation.) 

The obrerved decru8e in the pyruvate to PBP ratio would 8eem to 

rule out a direct pyruvate kinare rtep on the lactate to glycogen path-. 

-Ye Only an exceedingly lw PBP to pyruvate ratio, ccabined with a 

very lw ADP to ATP ratio would permit thir reaction to procede twardr 

PEP (Krinrky, 1959). The pre8ent data are compatible with the mechanism 

2The higher G6P level8 reported by other8 my be explained by the fact 
thet in fed an-18 G6P more than double8 after 1 minute of i8chemia 
(rurpUbli8hed data). Pre8umably thi8 extra G6P ir derived from glycogen. 
Since hydrocorti8one increarer glycogen content, more precursor be- 
Co~e8 available to permlt en artifactual incrure in CAP if lrchemla 
ir not rigorourlp avoided. 
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proposed by Xeech and Utter (1963) that pyruvate is converted to PEP via 

pyruvate carbmylase and P-pyruvate carboxylclnase, but do not rule out 

a malic enayme step. The fact that PEP increases more than pyruvate in- 

dicates facilitation at an interaiediate step. Acceleration of pyruvate 

carboxylaee by acctyl-CoA, also derived from pyruvate, would account for 

the rise in both PEP and citric acid cycle intermediates. 

The failure of DHAP to rise in parallel with 3PG after lactate ad- 

ministration suggests that either an intermediate step is not fast e- 

nough to maintain equilibrium or that the equilibrium has been shifted 

by a change in concentration of a cofactor. The absence of change in 

the DHAP to 3PG ratio after hydrocortieone sakes the second possibility 

seem the pore likely. 
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