
504 M I L L E R  ET AL. 

lar lavage phospholipids, surface activity, phospholipase activity, and plasma 
myoinositol. J. Clin. Invest., 70: 673 (1982). 

I I .  Hannah, R. S. and Hannah, K. J.: Hyperoxia: effects on the vascularization of 
the developing central nervous system. Acta Neuropathol. (Berlin), 51: 141 
(I 980). 

12. Harkness, R. A. and Lund, R. J.: Cerebrospinal fluid concentrations of hypo- 
xanthine, xanthine, uridine and inosine:high concentrations of the ATP 
metabolite, hypoxanthine, after hypoxia. J. Clin. Pathol., 36: 1 (1983). 

13. Hildebran, J. N., Goerke, J., and Clements, J. A.: Pulmonary surface film 
stability and composition. J. Appl. Physiol., 43: 198 (1977). 

14. Huber, G. L. and Drath, D. B.: Pulmonary oxygen toxicity. In: D. L. Gilbert: 
Oxygen and living processes. pp 272-342 (Springer Verlag, New York, 
Heidelberg, Berlin 198 1). 

15. Ikegami, M., Jobe, A., and Glatz, T.: Surfactant activity following natural 
surfactant treatment of premature lambs. J. Appl. Physiol., 51: 306 (1981). 

16. Johnson, K. J., Fanton, J. C., Kaplan, J., and Ward, P.: I n  vivo damage of rat 
lungs by oxygen metabolites. J. Clin. Invest., 67: 983 (1981). 

17. Kulovich, M. V., Hallman, M., and Gluck, L.: The lung profile. I .  Normal 
pregnancy. Am. J. Obst. Gynecol., 135: 57 (1979). 

18. Levine, E. A,, Senior, R. M., and Butler, J. V.: The elastase activity of alveolar 
macrophages.: measurements using synthetic substrates and elastin. Am. 
Rev. Respir. Dis., 113: 24 (1976). 

19. Lewis, D. L. and Del Maestro, R.: Free radicals in medicine and biology. Acta 
Physiol. Scand. (suppl.) 492 (1979). 

20. Lowry, 0 .  H., Rosenbrough, N. J., and Farr, A. L.: Protein measurements with 
the folin phenol reagent. J. Biol. Chem., 193: 265 (1951). 

21. Lunch, R. E. and Fridovich, I.: Effects of superoxide on the erythrocyte 
membrane. J. Biol. Chem., 253: 1838 (1978). 

22. Del Maestro, R. F. Bjork, J., and Arfors, K.-E.: Increase in microvascular 
permeability induced by enzymatically generated free radicals. Microvas. 
Res., 22: 255 (1981). 

23. Manzke, H., Dorner, K., and Griinitz, J.: Urinary hypoxanthine, xanthine, 
and uric acid excretion in newborn infants with perinatal complications. 
Acta Paediatr. Scand., 66: 713 (1976). 

24. Mason, R. J. Nellenbogen, J., and Clements, J. A,: Isolation of disaturated 
phosphatidylcholine with osmium tetroxide. N. Eng. J. Med., 288: (1973). 

25. Meberg, A. and Saugstad, 0. D.: Hypoxanthine in cerebrospinal fluid in 
children. Scand. J. Clin. Lab. Invest., 57: 281 (1978). 

26. Pannell, R., Johnson, D., and Troois, J.: Isolation and properties of human 
plasma a-I-proteinase. Biochemistry, 13: 5439 (1974). 

27. Phelps, D. L.: Neonatal oxygen toxicity. Is it preventable? In: W. Oh: Sympo- 
sium on the newborn. Pediat. Clin. N. Am., 29: 1233 (1982). 

28. Said, I. S., Avery. M. E., Davis, R. K., Banerjee, C. M., and Gohary, M.: 
Pulmonary surface activity in induced pulmonary edema. J. Clin. Invest., 
44: 458 (1965). 

29. Shammea. M. H., Nashrullah, S. M., and Al-Khalidi, U. A. S.: Serum xanthine 
oxidase. Am. J. Digest. Dis., 18: 15 (1973). 

30. Saugstad, 0. D.: Hypoxanthine as a measurement of hypoxia. Pediatr. Res., 9: 
158 (1975). 

31. Saugstad, 0. D.: The determination of hypoxanthine with a p02-electrode. 
Pediatr. Res., 9: 575 (1975). 

32. Saugstad, 0 .  D. and Gluck, L.: Plasma hypoxanthine levels in newborn infants: 
A specific indicator of hypoxia. J. Perinat. Med., 10: 266 (1982). 

33. Saugstad, 0 .  D. and Schrader, H.: The determination of inosine and hypoxan- 
thine in rat brain during normothermic and hypothermic anoxia. Acta 
Neurol. Scand., 57: 28 1 (1978). 

34. Swanstrom, S. and Bratteby, L. E.: Hypoxanthine as a test of perinatal hypoxia 
as compared to lactate, base deficit and pH. Pediatr. Res., 16: 156 (1982). 

35. Thiringer. K.: Cord plasma hypoxanthine as a measure of foetal asphyxia. Acta 
Paediatr. Scand., 72: 231 (1983). 

36. Watts, R. W. E., Watts, J. E. M., and Seegmiller, J. E.: Xanthine oxidase 
activity in human tissues and its inhibition by allopurinol (Chydroxypyre- 
zolo (3,4-d)Pyrimidine). J. Lab. Clin. Med., 66: 688 (1965). 

37. Waud, W. R. and Rajagopalan, K. V.: Purification and properties of the NAD+ 
dependant (type D) and 02-dependant (type 0 )  forms of rat liver xanthine 
dehydrogenase. Archiv. Biochem. Biophys., 172: 354 (1976). 

38. Wung, W. E. and Howell, S. B.: Simultaneous liquid chromatography of 5- 
fluorouracil, uridine, hypoxanthine, xanthine, uric acid, allopurinol and 
oxypurinol in plasma. Clin. Chem., 26: 1704 (1980). 

39. Requests for reprints should be addressed to: Dr. 0. D. Saugstad, Department 
of Pediatrics, Rikshospitalet, Oslo I, Norway. 

40. This research was supported by USPHS grants: F 0 5  TW02934, H D  10622, 
HD 04380, The American-Scandinavian Foundation, and the Norwegian 
Research Council for Science and the Humanities. 

4 1.  Received for publication March 24, 1983. 
42. Accepted for publication August 9, 1983. 

003 1-3998/84/1806-0504$02.00/0 
PEDIATRIC RESEARCH 
Copyright O 1984 International Pediatric Research Foundation, Inc. 

Vol. 18, No. 6, 1984 
Printed in U. S. A. 

Kinetics of Uptake of L-Leucine and 
Glycylsarcosine into Normal and Protein 

Malnourished Young Rat Jejunum 

P. M .  MILLER,'20' D. B U R S T O N ,  M .  J .  BRUETON,'2" A N D  D. M .  M A T T H E W S  

Department of Experimental Chemical Pathology, Vincent Square Laboratories of Westminster Hospital and 
Department of Child Health, Westminster Medical School, London, England 

Summary 

The impact of malnutrition on peptide and amino acid absorp- 
tion has been studied in the immediate postweaning period. At 
this time peptide uptake is quantitatively more important than 
amino acid uptake and the vulnerability of the infant to malnu- 
trition is great. Everted rings of rat jejunum were used to inves- 
tigate the uptake of the peptide glycylsarcosine (Gly-Sar) and 
the amino acid L-leucine. The animals had been weaned on to 
isocaloric diets containing 18% or 4% protein. The rats deprived 
of protein at this age showed a marked growth disturbance with 
considerable reduction in gut length in addition to poor weight 
gain. Mediated influx of Gly-Sar and leucine per centimeter of 
jejunum was reduced in the malnourished animals: V,,,, 77 2 
7.1 (SEM) and 65  f 3.6 compared with 85 f 10.6 and 77 f 4.4 

nmol . min-' . cm-' . , respectively. But, when expressed in relation 
to body weight, the maximal transport capacity showed a marked 
increase with malnutrition, values being 126 and 111 nmol-'. 
cm-'.I00 g-' body weight compared with 39 and 35 nmol-'. 
cm-'.I00 g-' body weight for Gly-Sar and leucine respectively. 

Abbreviation 

Gly-Sar, glycylsarcosine 

The onset of malnutrition in the immediate postweaning 
period in infancy is a common problem in the non-industrialised 
world. One of the crucial factors determining the malnourished 
infants potential for catch-up growth is the capacity to absorb 
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protein. The kinetics of peptide and amino acid uptake in 
postweaning malnutrition or even in young animals has not been 
studied extensively. Rubino and Guandalini (14) showed that 
peptide absorption may be quantitatively more important in very 
young animals than in adults whereas Himukai et al. (5) showed 
that intact peptide absorption was greater in the suckling and 
weanling guinea pig than in adults although there was no differ- 
ence in amino acid absorption. Their studies were, however, 
confined to a limited range of concentrations and were not 
corrected for non-mediated transport. 

The impact of protein restriction with or without calorie 
deprivation on amino acid and peptide transport has been inves- 
tigated in adult man (1) and experimental animals (4, 6, 7, 8, 
12, 15, 16, 18). The results have been conflicting, but in general, 
peptide transport was shown to be less affected than amino acid 
transport (7, 8, 9). 

The present paper reports the results of an investigation into 
the kinetics of influx of an amino acid and a dipeptide into 
jejunum from young weanling rats subjected to protein malnu- 
trition, a situation in which the structural and functional effects 
on the gut are considerable. Gly-Sar was chosen as the dipeptide 
as it is very resistant to hydrolysis and the complicating effects 
of uptake of amino acid released by hydrolysis at the brush- 
border are small. Any extracellular hydrolysis of Gly-Sar by 
enzymes released into the incubation medium was suppressed 
by working at pH 5.0 (1 1, 19). L-Leucine was the amino acid 
used. It was preferred to glycine because it had a higher affinity 
for uptake. 

MATERIALS AND METHODS 

Animals. Weanling (20-d-old), male, Wistar rats (Specific Path- 
ogen Free), weighing approximately 50 g, were housed three rats 
per cage. Food, in powder form, was presented in small pots and 
both food and water were allowed ad libitum. Animals were 
maintained on the diets for 4 wk and weighed weekly. The 
experiments were camed out on two groups of animals. Animals 
in Group A, were used for the measurement of inulin space and 
the uptake of Gly-Sar whereas those in group B were used for 
the measurement of the uptake of leucine. 

Diet. The compositions of the normal and low protein diets 
are shown in Table 1. 

Chemicals. [l-14C]Gly-Sar was kindly supplied by Dr S Wilk- 
inson of the Wellcome Research Laboratories, Beckenham, 
Kent, U.K. Labeled L-[l-14C]leucine was obtained from the 
Radio Chemical Centre, Amersham, Bucks. Unlabeled Gly-Sar 
and L-leucine was obtained from the Sigma Chemical Co., St. 
Louis, Missouri, U.S.A. All other reagents were analytical or 
scintillation grade. 

Experimental procedure. Rats were killed by cervical fracture 
and the whole small intestine was removed. After stripping off 
the mesentery the length was measured by laying the gut hori- 

Table 1. Composition of standard and low protein diets* 
Control diet Low protein diet 

(%) (%I 
Maize starch 
Casein 
D-Glucose 
Cellulose 
Corn oil 
Salts 
L-Methionine 
Vitamins 

*The diets were fortified with the following vitamins: Vitamin A, 
Ergocalciferol, Vitamin E, Thiamine, Riboflavin, Vitamin Bg, Calcium 
pantothenate, Vitamin BI2, choline chloride, and Vitamin K; and with 
the following salts: KH2P04 CaC03 NaCI, MgS04, FeS047H20, Mn- 
SO44Hz0, KI, CuS04, ZnCO,, and CoC12. 

zontally without stretching and without eversion alongside a 
ruler on a sheet of filter paper. Jejunum was taken to be the 
segment of intestine between 15-30-cm distal to the pylorus. A 
segment about 2 cm long was cut from this section, rinsed, cut 
open, blotted, and weighed on tared aluminum foil. The segment 
was then placed in an oven at 105°C for 24 h, cooled, re-weighed 
and the dry weight measured. A second small segment ofjejunum 
was placed in formol-saline for subsequent microscopic exami- 
nation. 

The experimental procedure and measurement of 2-min up- 
take of peptide into rings of everted jejunum were as previously 
described (10, 1 1, 17, 19). Rings were incubated in 0.5 ml of 
substrate for 2 min at 37°C under 02, with shaking at 100 stroke/ 
min. After removal from the incubation medium, the rings were 
rinsed in NaCl solution (1 54 mmol/l) at 4"C, blotted, and eluted 
for 5 min in 1 ml of sulphosalicylic acid (60 g/l) in a boiling 
water bath. 

After centrifugation, 0.5 ml of supernatant was added to 15 
ml of scintillation fluid (Packard Scintillator 299) Packard In- 
struments Limited, Caversham, Berks., U.K. and radioactivity 
was measured in a liquid scintillation spectrometer (Packard 
Tricarb Model 3380). Uptake was expressed as nmol . min-I . 
cm-I or as nmol. min-I .cm-' . 100 g-I body weight after correc- 
tion for substrate in the inulin space, 5.4% ( n  = 9) and 6.5% 
( n  = 9) at 2 min for controls and low-protein-fed animals 
respectively. All estimates of uptake were the mean value of 
measurement of uptake into at least 12 rings from at least 12 
animals. 

Estimation of nun-mediated uptake. The method of estimating 
non-mediated uptake was as described by Matthews et al. (1 1). 
In this method the substrate was treated as a competitive inhib- 
itor of its own mediated transport and the results were plotted in 
a form described by Preston et al. (13). After extrapolation to an 
infinitely high concentration of "inhibitor" the uptake remaining 
gave the non-mediated uptake. Subtraction of the non-mediated 
uptake from total uptake gave mediated uptake. 

Calculation of kinetic constants. Kinetic constants were cal- 
culated by weighted non-linear regression analysis of the data, 
after correction for non-mediated uptake, by the method of 
Duggleby (2). 

Statistical analysis. The significance of the difference of means 
was determined by the t test and the significance of the difference 
between uptake curves by the method of Fisher (3). 

RESULTS 

Morphologic data. The control rats grew steadily throughout 
the period of observation reaching a mean weight of 220 a 5.0 g 
SEM in Group A and 222 & 4.6 g in group B at wk 7 (Table 2). 
The rats on the low protein diet on the other hand grew very 
little, only reaching a mean weight of 6 1 a 1.6 g in Group A and 
59 a 1.5 g in Group B at wk 7. The animals on the low protein 
diet remained active, had no diarrhoea, and none died as a result 
of the restricted diet. 

The low protein diet produced a significant reduction ( P  < 
0.001) in the total length of the small intestine, in both Groups 
A and B (Table 3). There was also a significant reduction (P < 
0.001) in the thickness of the jejunum in these animals, shown 
by the increase in the length of intestine per g of jejunum. The 
significant decrease ( P  < 0.001) in weight/cm of the jejunum 
was not the result of an alteration in water content as the 
difference in dry weight, as a percentage of wet weight, between 
the controls and the low-protein-fed rats was not significant. 

Histologic examination of sections of the jejunum stained with 
haematoxylin and eosin indicated a reduction in thickness of all 
components of the gut wall. There was a marked reduction in 
villous height (partial villous atrophy) a finding in human mal- 
nutrition. 

General treatment of transport results. Values for total influx 
of ['4C]Gly-Sar and ['4C]leucine into jejunum from control and 
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Table 2. Change in body weight in rats on standard and low protein diets 
Wk postpartum 

[mean weight (g) + SEMI 

Groun Diet Number 3 4 5 6 7 

A* 
Standard 15 52 + 0.91 91 + 2  136+ 3 184+ 4 220 + 5 
Low protein 17 51 + 0.8 5 1 + 0.8 53 +- 1.2 57 + 1.6 61 + 1.6 

B t Standard 12 51 + 7.5 91 + 2.3 134 + 2.3 178 2 3 223 + 4.6 
Low  rotei in 12 52 + 0.9 53 + 1.1 54 + 1.2 56 + 1.3 59 + 1.5 

* Group A animals used in measurement of inulin space and uptake of glycylsarcosine 
t Group B animals used in uptake of leucine. 

Table 3. Changes in total length, weight, and water content of intestine from rats fed on standard and low protein diet (values are 
mean If: SEM) 

Total length Length intestine per Weight of intestine 
small intestine g wet wt 

Group Diet Number (cm) (cm) 
per cm Dry weight % of 

(g) wet weight 

A* 
Standard 12 104 + 2 
Low protein 14 77 + I$ 

B t Standard 12 110+2 
Low nrotein 12 77 + I t  

* Group A rats used in uptake of glycylsarcosine. 
t Group B rats used in uptake of leucine. 
$ P <  0.001. 

low-protein-fed rats were plotted by the method of Hofstee (V 
against V/S) where V is the rate of influx and S is the concentra- 
tion of substrate. In all cases the Hofstee plots were obviously 
biphasic. A typical example is shown in Figure 1 for the Hofstee 
plot of influx of Gly-Sar into jejunum from the low-protein-fed 
rats. After correction for non-mediated uptake all the Hofstee 
plots became linear and it was possible to derive values for 
apparent K, and V,,, for mediated influx by the method of 
Duggleby (2) (Table 4). 

Although this method gives standard errors of the parameters, 
these are only an approximate guide to the precision of the 
parameters and cannot be relied on to determine whether or not 
differences in parameter values are statistically significant (2). 
Individual t tests at each concentration showed that at some 
concentrations, but not all, uptake was significantly lower in the 
low-protein-fed animals. To test if the aggregate of these proba- 
bilities was significant, a method described by Fisher (3) was 
used. In this method the aggregate of the independent probabil- 
ities is tested for significance using x2 tables. It was found that 
in the case of Gly-Sar the probability of the aggregate of the 12 
tests occurring by chance was less than 0.001 and in the case of 
leucine less than 0.0 1. Finally, observation of the curves (Fig. 2) 
revealed that for Gly-Sar and leucine uptake, from 1 1  out of the 
12 concentrations studied in the protein malnourished rats, 
uptake was lower than in the control rats. By a simple sign test 
this observation is highly significant (P < 0.005). 

The results show that in the protein malnourished animals, 
although mean body weight is approximately 73% less, gut length 
is only 30% and maximal transport capacity per cm only 10% 
less than in the control animals (Table 3 and 4); therefore, 
transport is preserved relative to body weight. Sugiyama et al. 
(1 8) suggested that body weight may be a better basis for express- 
ing uptake in animals on different dietary regimes that result in 
gross differences in body weight. It can be seen from Table 4 
that, expressed on the basis of body weight, there is a 3-fold 
increase in both peptide and amino acid uptake in the protein 
malnourished animals compared with the controls. 

DISCUSSION 
The effects of dietary restriction on the kinetics of uptake of 

peptides and amino acids in the young animal have not been 
reported previously. Our results show that the effects of protein 
malnutrition on the young rat are different from those on the 
adult rat both morphologically and physiologically. Protein dep- 

Fig. I. Hofstee plots of uptake from [14C]Gly-Sar before (U) 
and after correction for the non-mediated component of uptake 
(A-A) by jejunum from low protein fed rats. 
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Table 4. Kinetic constants ( S E )  and non-mediated transport for glycylsarcosine (Gly-Sar) and leucine uptake in rats fed standard 
and low protein diet 

vmax Non-mediated transport 
Kt vmax (nmol.min-I .cm-I. 100 (nmol. min-I .cm-'. 

Substrate Diet (mmol/l) (nmol. min-I .cm-') g body wt-I) mmol-l) 
. 

Gly-Sar Standard 8.5 + 1.31 86 t 10.61 39 t 4.8 2.18 
Gly-Sar Low protein 9.5 + 1.01 77 + 7.1 126 t 11.6 1.34 
Leucine Standard 5.5 t 0.48 77 f 4.4 35 a 1.9 0.358 
Leucine Low protein 6.7 + 0.56 65 & 3.6 1 1  1 + 6.0 0.0978 

-. 

Leucine 

80- 
1 - 0 

u 
LJ 

I I I I I 1 
10 20 30 40 5 0 60 70 80 90 100 
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80 r a .I 
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U 

Fig. 2. Uptake of ['4C]Gly-Sar and [14C]leucine, after correction for the non-mediated component, into rings of everted jejunum from control 
(U) and low protein fed (W) rats over the concentration range 1-100 mmol/l. 

E.140-  
Q, 
Y 
2 120- 
a 
= 100- 

rivation in the immediate postweaning period caused a reduction 
in maximal mediated transport capacity for both Gly-Sar and 
leucine when uptake was expressed on the basis of unit length. 
There was no preservation of peptide uptake relative to amino 
acid uptake, neither was there an initial increase in absorption 
as found by Lis et al. (7, 8) in short-term protein deprivation in 
adult rats. Furthermore, the reduction observed in this study was 
not as great as that seen in long-term protein malnutrition in the 
adult rat (7, 8). The malnourished young animals had a much 
greater reduction in gut length compared with the controls than 
malnourished adult animals in which the reduction in mean 
intestinal length was only of the order of 5% (7). 

The observed reduction in maximal mediated transport capac- 
ity per cm in the malnourished young rat was not great (on the 
order of 10%) and when the reduction in gut diameter and 
villous height is taken into account, this might point to an 
increase in the number of transport sites per cm in order to 
preserve uptake of peptide and amino acid. This suggests that in 
the in vivo situation, lack of protein in the diet must have been 
the rate-limiting factor in growth rather than the number of 
peptide and amino acid transport sites. On returning to a normal 
diet the animals would be equipped for an increased uptake of 
protein digestion products. This point is emphasised if the results 
are studied in relation to body weight, where there was an 
increase in maximal mediated transport capacity per unit body 
weight of both Gly-Sar and leucine in the protein malnourished 
animals. 

The results show that non-mediated transport was markedly 

Gly-Sar 

lower in the malnourished animals. Whether or not non-medi- 
ated transport takes place to a significant extent in vivo is a 
matter of dispute, but in the in vitro situation it apparently makes 
a large contribution to transport and cannot be neglected. The 
large difference between the value for non-mediated transport of 
Gly-Sar and leucine may be a reflection of the lipophilic prop- 
erties of the leucine side chain. A similar difference has been 
reported in hamster jejunum (15). In view of the finding that 
significant peptide absorption persists in malnutrition and that 
there is a probable increase in both peptide and amino acid 
transport sites, it is important to include amino acids in peptide 
form in therapeutic diets for developing individuals to allow for 
maximum absorption of amino nitrogen. 
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Summary 

We identified isovaleryl glucuronide in the urine of patients 
with isovaleric acidemia by using gas chromatography-mass spec- 
trometry (GC-MS) and by identifying the products of enzymatic 
hydrolysis. Conjugation of isovaleryl-CoA with glycine, by the 
action of glycine-N-acylase, is the main detoxification mechanism 
in isovaleric acidemia. The identification of isovaleryl glucuronide 
demonstrates a hitherto unknown, additional detoxification 
mechanism in patients with isovaleric acidemia. Quantitative 
analysis of 72 urine specimens from four patients with isovaleric 
acidemia shows that isovaleryl glucuronide is more likely to be 
excreted when the amount of urinary 3-hydroxyisovaleric acid 
excretion is high. This suggests that detoxification via glucuro- 
nide conjugation plays an important role when the glycine con- 
jugation system is saturated. 
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a.m.u., atomic mass unit 
BSA, N,O-bis(trimethylsi1yl)acetamide 
CI, chemical ionization 
EI, electron impact 
GC, gas chromatography 
MS, mass spectrometry 
TMS, trimethylsilyl 
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metabolism, resulting from a deficiency of isovaleryl-CoA de- 
hydrogenase (7, 8). Clinical manifestations include acute attacks 
of vomiting, acidosis, ataxia, lethargy, and coma (1, 11). The 
enzyme block leads to the accumulation of isovaleryl-CoA in 
tissues. During periods of remission, unoxidized isovaleryl-CoA 
is handled by conjugation with glycine, catalyzed by the action 
of glycine-N-acylase. Isovalerylglycine thus formed is disposed 
by urinary excretion (9). When this system is saturated, excess 
isovaleryl-CoA is hydrolyzed and released as free isovaleric acid 
causing acute toxic effects. Free isovaleric acid is then omega- 1 
oxidized or omega oxidized to 3-hydroxyisovaleric (10) or 4- 
hydroxyisovaleric (13) and methylsuccinic (13) acids, respec- 
tively. Small fractions of isovaleryl-CoA are also metabolized to 
other unusual organic acids including 3-hydroxyisoheptanoic (4) 
and isovalerylglutamic acid (5). 

During the last several years we have identified four patients 
with isovaleric acidemia by GC and GC-MS. We subsequently 
analyzed many follow-up samples from these patients. While 
analyzing these samples, we noticed a well-defined peak which 
eluted at very high temperatures (methylene unit 22.27 on 10% 
OV-1) in a number of these samples, in amounts ranging up to 
0.50 mg/mg creatinine. In this report, we describe the identifi- 
cation of this compound as isovaleryl glucuronide using GC and 
GC-MS as well as enzymatic methods. 

MATERIALS AND METHODS 

Isovaleric acidemia is a recessively inherited disorder of leucine 
Chemical materials. "Tri Sil-BSA Formula P" was purchased 

from Pierce Chemical (Rockford, IL). High purity E. coli P- 
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