
Diabetologia (1995) 38:732-738 

Diabetologia 
�9 Springer-Verlag 1995 

Comparison of the effects of human recombinant insulin-like 
growth factor I and insulin on plasma amino acid concentrations 
and leucine kinetics in humans 
M. Giordano I, P. Castellino ~, C.A.  Carroll 2, R .A .  DeFronzo 2 

1 Institute of Internal Medicine and Nephrology, Second University of Naples, Naples, Italy 
2 Department of Medicine, Division of Diabetes, University of Texas Health Science Center at San Antonio, 

and The Audie L. Murphy Veteran's Memorial Hospital, San Antonio, Texas, USA 

Summary We examined the effects of recombinant 
human insulin-like growth factor I (IGF-I) and insu- 
lin on the plasma amino acid (AA) profile and leu- 
cine kinetics in eight normal subjects. IGF-I was in- 
fused at 52 pmol .  kg -1. min -1, in combination with 
prime-continuous [1-14C] leucine infusion, to obtain 
steady-state plasma concentrations of total (54 + 3 
nmol/1) and free (7.3 + 1 nmol/l) IGF-I (study 1). In 
response to IGF-I, plasma A A  levels declined by 
37 + 3 % (1975 + 198 to 1368 + 120 ~mol/1) and total 
branched chain amino acids (BCAA) declined by 
34 + 3 % (390 + 21 to 256 + 13 ~mol/1). This hypo- 
aminoacidaemic effect was associated with a decline 
in endogenous leucine flux of 17 + 2 % (1.88 + 0.05 
to 1.57 + 0.04 9tool. kg -1 �9 min -1) and leucine oxi- 
dation of 17 + 1% (0.31 + 0.02 vs 0.26 + 0.02 pmol.  
kg -1 �9 min -1) (both p < 0.01 vs basal). The same sub- 
jects underwent a second study (study 2) in which in- 
sulin was infused at 6.22 pmol - kg -~ �9 min -1 to obtain 
a steady-state plasma insulin concentration of 
530 + 25 pmol/1 while maintaining euglycaemia. The 
infusion rate was designed to match the declines in 

plasma B C A A  levels and leucine turnover observed 
during IGF-I infusion. The rates of glucose infusion 
necessary to maintain euglycaemia during IGF-I and 
insulin infusion were 4.9 + 1.0 and 7.8 + 0.6 mg�9 kg -1 
�9 rain -1, respectively. During insulin infusion total 
B C A A  declined by 39% from 369_+23 to 
226 + 20 ~tmol/l, leucine flux declined by 16 + 2 % 
from 1.90 + 0.05 to 1.61 + 0.03 ~mol.  kg -1 �9 min -1, 
and leucine oxidation declined by 19 + 2% from 
0.32 + 0.02 to 0.26 + 0.02 ~mol - kg -1 �9 min -1. On a mo- 
lar basis IGF-I was 7.3 % as potent as insulin in inhib- 
iting proteolysis. These results demonstrate that in 
humans: (i) the hypoaminoacidaemic response to 
IGF-I can be entirely ascribed to the inhibition of 
proteolysis; (ii) qualitatively, the effects of IGF-I and 
insulin on plasma A A  profile and protein metabo- 
lism are similar; (iii) quantitatively, IGF-I is 14-fold 
less potent than insulin in suppressing protein degra- 
dation. [Diabetologia (1995) 38: 732-738] 
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Insulin-like growth factor (IGF-I) is a growth pro- 
moting peptide that shares considerable structural 
homology with insulin [1]. It induces cellular growth 
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and differentiation [2], stimulates cellular glucose up- 
take and metabolism [3], and enhances renal sodium 
reabsorption, as well as extrarenal potassium and 
phosphate disposal [4]. All of these effects are quali- 
tatively similar to the action of insulin. In vitro, IGF- 
I also exerts a strong anabolic action on protein meta- 
bolism [5]. In vivo, IGF-I promotes a decline in plas- 
ma amino acid and serum urea nitrogen levels [6] 
and enhances nitrogen balance [7]. However, contro- 
versy still exists concerning the mechanisms of ac- 
tion of IGF-I on protein metabolism in vivo. Follow- 
ing low-dose IGF-I administration an inhibition of 
endogenous proteolysis and protein oxidation have 
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not  b e e n  un i fo rmly  obs e rved  [6, 8, 9]. In  addi t ion,  in 
h u m a n s  a c o m p a r i s o n  of the  effects  of  I G F - I  and  in- 
sulin on  p a r a m e t e r s  of  p ro t e i n  me tabo l i sm ,  i.e. plas-  
m a  aminoac id  levels, p ro t e in  degrada t ion ,  p ro t e in  
synthesis,  and  p ro t e in  oxidat ion,  has  no t  b e e n  de-  
scribed.  

In  the  p r e sen t  s tudy we c o m p a r e d  doses  of  I G F - I  
and  insulin which  induced  a s imilar  decl ine in p l a s m a  
b r a n c h e d  chain  a m i n o  acid ( B C A A )  concen t r a t ion  in 
o rde r  to compa re :  (i) the i r  ac t ion  on  p ro te in  synthesis  
and  p ro t e in  degrada t ion ;  (ii) the  m o l a r  ra t io  of  effec- 
t iveness  of  the  two ho rmones .  

Subjects and methods 

Subjects. Eight healthy subjects ranging in age from 19 to 
28 years participated in two studies which were performed in 
random order. They had no history of renal, metabolic or car- 
diovascular diseases, and routine screening tests, including 
blood chemistries and urinanalysis, were normal. There were 
four males and four females and all were within 20 % of their 
ideal body weight based upon the midpoint for medium-frame 
individuals from the Metropolitan Life Insurance Tables, 1959. 
Their weight and height were 73 _+ 2 kg and 171 _+ 3 cm, respec- 
tively. All the females had a negative serum pregnancy test 
prior to their participation. The purpose and potential risks of 
the study were explained to all subjects and their voluntary 
written consent was obtained before their participation. The 
study protocol was approved by the Institutional Review 
Board of the University of Texas Health Science Center. 

Experimental protocol. All studies were performed at 08.00 
hours after a 12-h overnight fast. A polyethylene catheter was 
inserted into an antecubital vein for the infusion of all test sub- 
stances. Blood samples were taken from a second catheter 
placed retrogradely into a wrist vein. The hand was kept in a 
heated box at 65~ to ensure arterialization of the venous 
blood. In each study protocol a primed-continuous infusion of 
[l-14C]qeucine (12 g Ci prime followed by 0.16 ~Ci/min) was 
administered for 360rain. A bolus of [14C] bicarbonate 
(2.5 ~tCi) was given at the start of the [1-14C] leucine. After 
120 min of isotope equilibration, samples were drawn every 
10-15 rain from 120 1:o 180 min for leucine and alpha-ketoiso- 
caproate (KIC) specific activities, and plasma insulin, IGF-I, 
amino acid, and ketoacid concentrations during both basal 
and hormone infusion periods. Continuous indirect calorime- 
try was carried out during the last 60 min of the basal and hor- 
mone infusion periods using a Deltatrac Metabolic Monitor, 
(Sensormedics, Anaheim, Calif., USA), as previously de- 
scribed [10]. Expired air samples were collected at 15-rain in- 
tervals and bubbled through a carbon dioxide-trapping solu- 
tion (hyamine hydroxide/absolute ethanol/phenolphthalein, 
3:5:1). The solution was titrated to trap i mmol of CO2 per 
3 ml of solution. The 14C radioactivity was subsequently deter- 
mined using a LS 5000 SE scintillation counter (Beckman In- 
struments Corp., Fullerton, Calif., USA) and the expired 
~4CO2 specific activity calculated. Total 14CO2 expired per min 
was determined by multiplying the 14CO2 specific activity by 
the total CO2 production rate obtained from indirect calorime- 
try. At the end of the 180~min basal period all eight subjects re- 
ceived in random order one of the following study protocols: 
Study I: Euglycaemic IGF-I clamp. After the 180-rain equili- 
bration period, a continuous infusion of IGF-I (Genentech, 
San Francisco, Calif., USA) was administered at the rate of 52 
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pmol. kg -1. rain q for 180 min to achieve a steady-state in- 
crease in plasma free IGF-I concentration of about 7.3 nmol/1, 
Study II." Euglycaemic insulin clamp. Each subject who had re- 
ceived IGF-I was restudied on a second occasion within 2- 
3 weeks with a euglycaemic hyperinsulinaemic clamp [11]. 
After a 180-min equilibration period for [1-i4C] leucine, a con- 
tinuous infusion of crystalline porcine insulin (Eli Lilly and 
Co., Indianapolis, Ind., USA) was administered at a rate of 6.2 
pmol �9 kg q . min q for 180 rain to achieve and maintain an in- 
crease in plasma insulin concentration of 530 + 25 pmol/1. The 
insulin infusion rate was determined empirically on the basis 
of previous experience [12] to achieve a decline in plasma 
BCAA levels comparable to those observed during IGF-I infu- 
sion. In both the insulin and IGF-I studies, the plasma glucose 
concentration was maintained constant within 10 % of the ba- 
sal level by determination of the plasma glucose concentra- 
tion at 5-min intervals and periodic adjustment of an exogen- 
ous glucose infusion as previously described [11]. IGF-I and in- 
sulin solutions were prepared by adding 2 ml of the subject's 
own blood to normal saline in order to prevent hormone bind- 
ing to plastic material. 

Analytical determinations. Plasma amino acid concentrations 
were determined using an amino acid analyser (System 6300, 
Beckman Corp.). To precipitate plasma proteins, 2 ml of 10 % 
sulphosalicylic acid was added to 2 ml of plasma and a 1-ml ali- 
quot of the supernatant was analysed in duplicate. To deter- 
mine the plasma leucine specific activity, i ml of the remain- 
ing supernatant was placed in duplicate on a cation exchange 
resin column (Dowex 50 G; Bio-Rad Laboratory, Richmond, 
Calif., USA) and the free amino acid fraction was eluted with 
4 mol/1 of NH4OH , evaporated to dryness, and reconstituted 
in water [13]. Hydrofluoric scintillation fluid (10 ml) was ad- 
ded to each vial and 14C radioactivity was measured in a scintil- 
lation counter. The recovery of [14C] leucine added to plasma 
was 97 + 2 %. More than 96 % of the radioactivity collected in 
the amino acid fraction was present in the leucine peak after 
separation by ion exchange chromatography. The interassay 
and intra-assay coefficients of variation for determination of 
plasma leucine specific activity were 4 _+ 2 and 5 + 3 % respec- 
tively. Plasma KIC concentration was determined using a mod- 
ification of the method previously described by Nissen et al. 
[14]. Plasma (1 ml) was placed in duplicate on a Dowex 50 G 
cation exchange resin column (Bio-Rad) and the free alpha- 
ketoacid fraction was eluted with 4 ml of 0.01 tool/1 HCI in 50- 
ml culture tubes. A quantity of 35 ml of methylene chloride 
was added and after shaking vigorously for 3 rain the tube was 
centrifuged for 5 rain at 2000 rev/min to extract the free al- 
pha-ketoacid fraction from plasma. After decanting the super- 
natant the alpha-ketoacid was extracted in 350 td of 0.2 tool/1 
NaHzPO 4 at pH 7.0. After a brief centrifugation, 200 ~tl of the 
supernatant was injected into an HPLC system. The system 
utilizes a C18-reverse phase column (0.3 x 30 cm, Waters 
Nova-Pak, Milford, Mass., USA) which was eluted with 2 % 
acetonitrile in 0.1 tool/1 NaH2PO 4 buffer (pH 7.4) at a rate of 
1.4 ml/min. Absorbance of KIC was monitored at 206 nm. 
The recovery of the procedure was 68 + 4 %, The interassay 
and intra-assay coefficients of variation for the determination 
of plasma KIC specific activity were 5 _+ 2 and 5 _+ 3 %, respec- 
tively. Plasma insulin and glucagon concentrations were deter- 
mined using a double antibody radioimmunoassay technique 
(Diagnostic Products Corp., Los Angeles, Calif., USA). The to- 
tal plasma IGF-I concentration was determined by radioimmu- 
noassay after acid ethanol extraction, and plasma free IGF-I 
was determined by radioimmunoassay after separation from 
binding protein-complexed IGF-I, using a size exclusion 
HPLC system [15]. Plasma glucose concentration was deter- 
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Table 1. Plasma insulin, glucagon, total IGF-I and free IGF-I concentrations at baseline and during the last 60 rain of IGF-I and 
insulin infusion studies 

Study I Study II 
(IGF-I infusion) (insulin infusion) 

Time (min) Plasma Insulin Plasma Glucagon Total plasma Free plasma Plasma Insulin Plasma 
(pmol/1) (pg/ml) IGF-I (nmol/1) IGF-I (nmol/1) (pmol/1) Glucagon 

(pg/ml) 

0 56__+5 73+8 15__+2 0 59+6 69__+7 
120 39 __+ 5 a 54 -+ 4 ~ 51 .+ 3 a 7.3 .+ 1 " 523 .+ 24 ~ 48 _+ 5 ~ 
150 37 -+ 4 ~ 49 + 4 a 53 -+ 4 a 7.2 _+ 1 ~ 532 _+ 28 ~ 50 _+ 4 ~ 
165 35 _+ 5 a 55 + 4 a 54 _+ 3 a 7.4 _+ 1 ~ 529 _+ 26 ~ 47 -+ 5 ~ 
180 37 _+ 4 a 50 _+ 5 a 54 __+ 4 ~ 7.3 + 1 ~ 536 _+ 22 a 51 _+ 4 ~ 

Mean + SEM. 
a p < 0.01 vs basal 

mined by the glucose oxidase method using a Beckman Glu- 
cose Analyzer (Beckman Instruments). 

Calculations. Plasma leucine kinetics were determined using 
steady-state isotope dilution equations and the reciprocal 
pool model, which utilizes the specific activity of 14C alpha- 
KIC, the transamination product of leucine and the preferred 
indicator of intracellular leucine specific activity [16]. Leucine 
oxidation was estimated by dividing the rate of expired 14CO 2 
by the plasma specific activity of alpha-KIC, the immediate 
precursor for oxidative decarboxylation of leucine. Because 
of incomplete recovery of labelled [14C] carbon dioxide from 
the bicarbonate pool [17], the rate of 14CO2 excretion in ex- 
pired air was corrected upward by 20 %. Since under the pre- 
sent experimental conditions the only input of leucine into 
the body is from protein stores, the endogenous leucine flux 
(ELF) provides an index of total body proteolysis. Non-oxida- 
tive leucine disposal (NOLD), an estimate of whole body pro- 
tein synthesis, was calculated by subtracting the rate of leucine 
oxidation from the rate of ELF. The difference between 
NOLD (an index of protein synthesis) and ELF (an index of 
proteolysis) represents the net leucine balance or the net flux 
of leucine into and out of protein [12]. 

Statistical analysis 

All values are expressed as the mean + SEM. The paired t-test 
was used to detect statistically significant changes in ELF, 
NOLD, and leucine oxidation from baseline. Differences be- 
tween IGF-I and insulin were determined using one-way ana- 
lysis of variance (ANOVA) with repeat measures. A p-value 
less than 0.05 was considered to represent a statistically signifi- 
cant difference. 

Results 

Plasma IGF-I, insulin and glucagon concentrations 
(Table 1). Total and f ree  plasma IGF- I  levels were  de- 
t e rmined  only in the I G F - I  infusion study. The  basal 
plasma total  I GF - I  concen t ra t ion  was 15 + 2 nmol/1, 
and the basal f ree  IGF- I  concen t ra t ion  was undetec t -  
able. Following IGF- I  infusion (Study I), p lasma total  
and f ree  IGF - I  levels achieved a s teady-s ta te  p la teau  
during the last hou r  of h o r m o n e  infusion and a v e r -  

aged 53 _+ 4 and 7.3 nmol/1, respectively. Dur ing  IGF-  
I infusion, plasma insulin decl ined f rom 56 _+ 5 to 
37 + 5 pmol/1 (p < 0.01). Dur ing  the euglycaemic  insu- 
lin c lamp (Study II), the  basal p lasma insulin (59 -+ 6 
pmol/ l)  increased to a p la teau  level of 530 -+ 2 pmol/1 
(p < 0.01). 

Basal  p lasma glucagon levels were  similar in the 
two studies (71 + 8 pg/ml) and decl ined to 52 _+ 4 and 
49 _+ 5 pg/ml (both  p < 0.01 vs basal) following IGF- I  
and insulin infusion, respectively. 

Amino acid metabolism (Table 2, Fig. 1). In the ba- 
sal state total  plasma amino acid concent ra t ions  
were  similar in the two studies and averaged  
1975 + 169 pmol/1. Dur ing  the last hour  of  IGF- I  
(Study I) and insulin (Study II) infusion, the total  
plasma amino acid concen t ra t ion  r eached  p la teau  va- 
lues of  1368 + 120 and 1620 + 132 ~tmol/1, respect ively  
(both  p < 0.01 vs basal; p < 0.05 for  insulin vs IGF-I) .  
The  plasma B C A A  levels decreased  similarly during 
IG F - I  (390 + 21 to 256 + 13 ~mol/1; 35 + 3 %)  and in- 
sulin (369 +_ 23 to 226 +_ 20 ~mot/1; 39 + 2 %)  infusion. 
The  decline in basal (1212 + 100 ~tmol/1) g luconeo-  
genic amino acid concen t ra t ion  was grea ter  with 
IGF- I  (848 _+ 80 btmol/1) than  with insulin (1049_+ 
85 ~tmol/1) (both  p < 0.01 vs basal and p < 0.05 for  in- 
sulin vs IGF-I) .  

Basal  endogenous  leucine flux, an est imate  of pro- 
te in  b r eakdown ,  was similar in the IG F - I  and insulin 
infusion studies and averaged 1 .88+0.05  and 
1.90 + 0.05 ~tmol �9 kg -1 - rain -I, respectively. Following 
IG F - I  and insulin infusion, the decl ine in leucine turn- 
over  was similar in the two studies and aver- aged 
17_+2% (1157+0.04 in s tudy I and 1.61_+ 
0.04 ~,mol �9 kg -1 - rain -1 in s tudy II) (both  p < 0.01 vs 
basal a n d p  -- NS for  s tudy I vs s tudy II). Basal  leucine 
oxidat ion  averaged  0.31_+0.02 in s tudy I and 
0.32 + 0.02 ~tmol. kg -1 �9 rain -j in s tudy II. Following 
IG F - I  and insulin infusion, leucine oxidat ion  decl ined 
by 17 _+ 2 % to 0.26 + 0.02 ~tmol - kg -~ �9 rain -1 and by 
19 _+ 2 % to 0.26 + 0.02 btmol �9 kg -1 �9 rain -1 in studies I 
and II, respect ive ly  (both  p < 0.01 vs basal). Non-oxi-  
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Table 2. Plasma amino acid concentrations (~mol/1) at base- 
line and during the last 60 min of IGF-I and insulin infusion 

Study I Study II 

Basal IGF-I Basal Insulin 

Amino acid (~mol/1) 
Aspartate 11 + 1 9 + 1 a 9 + 0.7 7 _+ 0.72 

Threonine 123 _+ 12 75 _+ 8 b 116 _.% 9 103 + 13 a 

Serine 99 + 5 72 + 5 a 102 + 8 77 + 6 a 

Glutamine 537 + 50 362 + 20 b 538 + 25 445 + 31 b 

Glycine 203 + 33 155 + 18 a 215 + 11 191 + 13 

Alanine 250 + 59 184 + 32 a 241 + 23 233 + 16 

Valine 213 + 12 157 + 8 b 185 + 13 126 + 13 b 

Cysteine 53 +_ 2 45 + 2 65 + 3 60 + 2 

Methionine 35 + 1 25 + 1 ~ 40 + 3 34 _+ 3 ~ 

Isoleucine 59 _+ 3 29 + 1 u 66 _+ 4 37 + 3 u 

Leucine 118 _+ 5 69 +_ 42 118 _+ 7 65 _+ 4 b 

Tyrosine 45 _+ 2 29 + 2" 55 + 10 32 _+ 3 b 

Phenylala- 
nine 48 _+ 2 34 + 42 49 _+ 5 38 _+ 7 a 

Lysine 179 _+ 9 120 _+ 42 176 _+ 20 a 174 + 18 

Total 
BCAA 390 +_ 21 256 + 13 b 369 + 23 226 +_ 20 b 

Total AA 1975 _+ 198 1368 + 120 b 1974 + 140 1620 + 132 b 

Mean + SEM. 
2 p < 0.05; bp < 0.01 vs basal 

dat ive leucine disposal, an index of p ro te in  synthesis, 
decl ined similarly fol lowing IGF- I  ( f rom 1.57 + 0.04 
to 1.31 • 0.04 ~tmol �9 kg -1 �9 rain-l; by  16 _+ 1 % )  and in- 
sulin ( f rom 1.58 +_0.07 to 1.35 • 0.05 ~tmol. kg -1. 
rain-l; by  15 • 1 % )  infusion (both  p < 0.01 vs basal). 
The  net  leucine  ba lance  in the pos tabsorp t ive  state 
was similar in s tudy I (-0.30 + 0.02 gmol -  kg -1 . min  -1) 
and s tudy II (-0.31 • 0.02 ~mol .  kg -1 �9 min -1) and 
b e c a m e  less negat ive  fol lowing bo th  IG F - I  
(-0.26 • 0.02) and insulin (-0.27 + 0.02) infusion 
(p = NS IGF - I  vs insulin; bo th  p < 0.01 vs basal). 
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Plasma glucose concentration and glucose infusion 
rate. Basal  p lasma glucose levels were  similar in the 
two s tudy protocols  and averaged  4.96 • 0.1 mmol/1 
and were  main ta ined  at 4.90_+0.2mmol/1 and 
5.01 + 0.2 mmol/1 (coeff ic ient  of  var ia t ion  < 5 % in 
all studies) during IG F - I  and insulin infusion, respec- 
tively. 

The  rates of exogenous  glucose infusion requ i red  
to main ta in  euglycaemia  during the last 60 rain of 
IGF- I  and insulin infusion were  4 . 9 + 1 . 0  and 
7.8 + 0.6 m g .  kg -1 . rain -1, respect ively  (p < 0.01). 

Discussion 

The  presen t  results demons t r a t e  tha t  IG F - I  infusion 
induces a significant decl ine in total  p lasma amino 
acid levels in fasting humans,  and this can be as- 
cr ibed ent i re ly  to an inhibi t ion of  endogenous  p ro teo -  
lysis. This hypoaminoac idaemic  effect  of  IG F- I  is in 
ag r eem en t  with results r ep o r t ed  by Boulware  et al. 
[18]. U n d e r  the presen t  exper imen ta l  conditions,  en- 
hanced  amino acid disposal does not  cont r ibu te  to 
the hypoaminoac idaemic  effect  of  IG F - I  since bo th  
p ro te in  oxidat ion and pro te in  synthesis decl ined sig- 
nificantly. Because  the decl ine in proteolysis  ex- 
c eed ed  the fall in pro te in  synthesis, the ne t  leucine 
balance b e c a m e  less negat ive,  result ing in a net  ana- 
bolic effect  of  IGF-[ .  F r o m  the  p resen t  findings, it 
can be conc luded  that  the p r imary  anabol ic  act ion of  
IG F - I  is med ia t ed  by its ability to inhibit  proteolysis.  
F r o m  the qual i ta t ive s tandpoint ,  there fore ,  the ef- 
fects of  IG F - I  on p ro te in  me tabo l i sm are similar to 
those of  insulin [12]. F r o m  the quant i ta t ive  stand- 
point ,  however ,  IG F - I  is less po t en t  than  insulin. As 
calculated f rom the plasma free IG F - I  concent ra-  
tions, it is on  a molar  basis only 7 % as effect ive as in- 
sulin in inhibit ing proteolysis  unde r  the presen t  ex- 
pe r imenta l  conditions. F r o m  the da ta  of  Turkalj et al. 
[8], it can be  assumed that  the dose of  IG F- I  em- 
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Fig. 1. Time-related change in plasma leu- 
cine and KIC concentrations and plasma 
leucine and KIC-specific activities in the 
basal state and during IGF-I and insulin in- 
fusion 
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Fig.2. Endogenous leucine flux (ELF), leucine oxidation 
(LOX), and non-oxidative leucine disposal (NOLD) in the ba- 
sal state and during IGF-I and insulin infusion (*p < 0.01 vs ba- 
sal) 

ployed in the present study induced a maximal inhibi- 
tion of endogenous proteolysis. Whether the same 
potency ratio also will be observed with lower IGF-I 
levels remains to be determined. 

Previous studies in humans have suggested that 
IGF-I exerts a protein-sparing effect. Following ad- 
ministration of high doses of IGF-I, Guler et al. [19] 
demonstrated an acute decline in blood urea nitro- 
gen in healthy subjects, and similar findings have 
been reported by Clemmons et al. [7] in healthy sub- 
jects following moderate caloric restriction. In this la- 
ter study [7] IGF-I was also shown to induce a more 
positive nitrogen balance. Studies in animals employ- 
ing various tracer methodologies, including 3-methyl- 
histidine and 14C-leucine, also have provided evi- 
dence that the anabolic action of IGF-I is mediated 
by the inhibition of endogenous proteolysis [20-22]. 
A stimulation of protein synthesis by IGF-I has been 
observed in growing lambs [21] and in rats subjected 
to dietary nitrogen restriction [22], but not in rats 
maintained on a free dietary intake [20]. In normal 
humans, most [6, 8, 23] but not all studies [9] using 
the leucine turnover technique to examine protein 
metabolism, have reported an inhibitory effect on 
proteolysis. In particular, studies which have exam- 
ined the effect of small increments in the plasma 
IGF-I concentration have not uniformly observed a 
decrease in protein degradation [8, 9]. Similarly, an 
inhibition of leucine oxidation has been reported 
consistently only with high doses of IGF-I [8, 23]. 
With low circulating levels of IGF-I, either a moder- 
ate decline [8] or no change [6, 9] in leucine oxida- 
tion has been reported. Our findings are in agree- 

ment with the data of Elahi et al. [6] and Turkalj 
et al. [8] and support the concept that IGF-I primar- 
ily exerts its anabolic effect by inhibiting proteolysis. 

We also observed a consistent decline in leucine 
oxidation. The percent reduction in leucine oxida- 
tion observed following IGF-I administration (17 %) 
was similar to the decline in proteolysis (17 %). A 
similar percent decline (19 %) in leucine oxidation 
was observed following insulin administration. These 
results suggest that, as previously shown for insulin 
[12], the decline in protein oxidation most likely re- 
sults from the inhibition of proteolysis and the atten- 
dant decline in substrate availability. In contrast to 
the BCAA, plasma gluconeogenic amino acid levels 
declined more following IGF-I than insulin infusion. 
Since endogenous proteolysis was inhibited to a simi- 
lar extent, it is possible that the lower gluconeogenic 
amino acid levels are the result of their greater hepa- 
tic utilization during IGF-I infusion. As suggested by 
Jacob et al. [20], this could be explained if hepatic 
gluconeogenesis was less sensitive to IGF-I than insu- 
lin. This hypothesis is consistent with recent reports 
that IGF-I causes a lesser inhibition of hepatic glu- 
cose production and a greater stimulation of hepatic 
glycogen synthesis than insulin [20, 23]. 

The concentration of plasma free IGF-I, rather 
than protein bound IGF-I appears to be responsible 
for IGF-I's insulin-like effects [24]. It has been sug- 
gested that circulating IGF-I binding proteins can al- 
ter the action of IGF-I. In the present study no mea- 
surements of IGF-I binding proteins were per- 
formed. Therefore, no direct conclusion about their 
role in regulating the action of IGF-I on amino acid/ 
protein metabolism can be reached. However, Mau- 
ras et al. [9] failed to observe any significant rise in 
IGF-I binding proteins following IGF-I infusion. 
This mitigates against a role for changes in binding 
proteins in the modulation of the acute effects of 
IGF-I on protein metabolism. This is also supported 
by recent data on the truncated forms of IGF-I that 
show a lower affinity for binding proteins and higher 
potency than the genuine IGF-I form [22]. It also has 
been suggested that the tissue level of [GF-I may pro- 
vide a more accurate reflection of its biological effec- 
tiveness. Unfortunately, such measurements are diffi- 
cult to perform in man. Therefore, we believe that, at 
the present time, the plasma free IGF-I concentration 
affords the best comparison of the quantitative ef- 
fects of IGF-I and insulin on protein metabolism. 
Previous studies that have compared the biologic po- 
tency of IGF-I and insulin on glucose disposal have 
reported values ranging from 1 to 8 % [6, 19, 20, 25]. 
With respect to protein metabolism, no similar com- 
parisons between IGF-I and insulin have been de- 
scribed. To address this question, we chose doses of 
IGF-I and insulin which produced similar effects on 
BCAA levels and leucine metabolism so that we 
could directly compare the molar ratio between the 
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plasma f ree  IGF - I  and insulin concent ra t ions  on  pro- 
tein metabol ism.  O n  a molar  basis the p lasma con- 
cen t ra t ion  of f ree  IGF- I  r equ i red  to elicit the  same ef- 
fect  as insulin (Table 1) on  p ro te in  metabo l i sm was 14 
to 1. Thus, on  a m o la r  basis IGF- I  was only 7 % as po- 
ten t  as insulin. Howeve r ,  this calculat ion is based  
upon  the assumpt ion  that  all of  the effects  of IGF- I  
are med ia t ed  via the IGF- I  receptor .  In vi tro studies 
[26] have shown that  IGF- I  binds to the insulin recep-  
tor  but  with an affinity which is 1/50-1/100 that  of in- 
sulin. There fo re ,  if the act ion of IGF- I  on  p ro te in  me-  
tabol ism was ent i re ly  m e d i a t e d  by the insulin recep-  
tor, a mola r  po t ency  rat io  of i to 50-100 would have  
been  expected.  The  obse rved  mola r  ra t io  in the pre-  
sent s tudy of 1 to 14 suggests that  the effects of IGF-  
I on  pro te in  me tabo l i sm in vivo are pr imari ly  medi-  
a ted  by its own receptor .  Alternat ively,  one  could 
pos tu la te  the exis tence of hybr id  IGF-I / insul in  recep-  
tors, or a synergistic pos t - r ecep to r  act ion of  the two 
hormones .  

The  ra te  of  exogenous  glucose infusion requ i red  to 
main ta in  euglycaemia  was 60 % grea te r  with insulin 
than  with IGF-I .  E v e n  if one  takes into account  the 
less effect ive inhibi t ion of hepat ic  glucose produc-  
t ion by I GF - I  c o m p a r e d  to insulin [23], our  results 
suggest a g rea te r  sensitivity to IGF- I  on  p ro te in  than  
on glucose  metabol ism.  These  findings are consis tent  
with recent ly  publ ished data  in humans  [23] and in 
lambs [21]. Since exogenous  IGF- I  adminis t ra t ion  in- 
h ibi ted insulin secre t ion  and circulat ing insulin levels 
decl ined f rom 56 to 37 pmol/1, the metabo l ic  act ion 
of  IGF - I  m a y  have  been  slightly unde re s t ima ted  by 
the a t t endan t  hypoinsul inaemia .  

In conclusion,  the p resen t  results  indicate  tha t  the 
effects  of  I GF - I  and insulin on  pro te in  metabo l i sm 
are qual i ta t ively similar. On  a mo la r  basis, however ,  
IG F- I  is only  7 % as po t en t  as insulin in inhibit ing 
p ro te in  degrada t ion  and oxidat ion.  The  different ial  
effect  of  IGF - I  on  p ro te in  and glucose metabo l i sm 
suggests tha t  I GF - I  may  be p re fe rab le  to insulin in 
highly catabol ic  states when  one  wants  to avoid con- 
comi tan t  hypoglycaemia .  
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