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June 10, 1998

Dockets Management Branch (HFA-305)
Food and Drug Administration

12420 Parklawn Drive, Room 1-23
Rockville, MD 20857
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RE: Federal Register Notice April 7,1998 (FR Vol 63, Nbr 66, Pages 17011-
17012)

Docket No.98N-0182

Dear Colleague:

Baxter Healthcare Corporation is nominating L-Glutamine as a bulk drug substance for
inclusion on the list of bulk drug substances that may be used in pharmacy compounding that
do not have a USP or NF monograph and are not components of approved drugs.

Attachment 1 - Bulk Drug Substance Checklist includes the information requested in the
notice.

We appreciate the opportunity to nominate this bulk drug substance for inclusion on the list
for use in pharmacy compounding. If you have any questions regarding this nomination,
please contact me.

Sincerely,
ﬁ/‘w Mﬂ

Marcia Marconi

Vice President
Regulatory Affairs
(847) 270-4637

(847) 270-4668 (FAX)
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BULK DRUG SUBSTANCE CHECKLIST
1 Ingredient name: L-Glutamine
2. Chemical name: 2-aminoglutaramic acid; glutamic acid 5-amide.
3. Common name: Glutamine
4. Chemical grade or description of the strength, quality, and purity of the
ingredient: See Product Specification Sheets at the Tab entitled PRODUCT SPECS.
5. Information about how the ingredient is supplied: White crystals or crystalline
powder.
6. Infor mation about recognition of the substance in foreign pharmacopoeias and

the status of itsregistration in other countries, including whether information has been
submitted to USP for consideration of monograph development: This bulk drug
substance has not been submitted to USP for consideration of monograph development. To
the best of our knowledge, this bulk drug substance is not listed in the BP, EP or JP. This
bulk drug substance is listed in the Food Chemicals Codex, Fourth Edition, effective July 1,
1996, page 174.

7. A bibliography of available safety and efficacy data, including any relevant peer
reviewed medical literature:

a McCauley R, Kong S, and Hall, J. Glutamine and Nucleotide Metabolism
Within Enterocytes. JPEN 22:105-111, 1998

b. Fish, J, et a: A Prospective Randomized Study of Glutamine-Enriched
Parenteral Compared with Enteral Feeding in Postoperative Patients. Am J
Clin Nutr 65:977-983.1997

C. Palmer, T et a: Effect of Parenteral L-Glutamine on Muscle in the Very
Severely Ill. Nutrition 12:316-320, 1996

d. Lacey, Jet a: The Effects of Glutamine-Supplemented Parenteral
Nutrition in Premature Infants. JPEN 20:74-80, 1996

e. Hornsby-Lewis, Let al: L-Glutamine Supplementation in Home Total
Parenteral Nutrition Patients: Stability, Safety, and Effects on Intestinal
Absorption. JPEN 18:268-273, 1994

f. Khan, K et a: The Stability of L-Glutamine in Total Parenteral Nutrition
Solutions. Clinical Nutrition 10:193-198, 1991
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Copies of these articles are found after the Tab labeled ARTICLES.

8. Information about the dosage form into which the drug substance will be
compounded, including formulations. Seethe Hornsby-Lewis article listed as 7.e above
for information about the dosage forms.

9. Information about the strength of the compounded product: Diluted in a total
parenteral nutritional (TPN) formulato about 0.2 to 0.3 grams per kilogram of patient weight
and a final concentration of about 1 to 1.5°/0.

10. Information about the anticipated route of administration of the compounded
product: Parenteral administration mixed in a total parenteral nutrition (TPN) formulation.

11. Information about the past and proposed use of the compounded product,
including the rationale for its use or why the compounded product, as opposed to a
commercially available product, is necessary: When the Gl tract is not fed, asin TPN, the
cells lining the gut begin to die off allowing bacterial translocation and subsequent
septicemia. Glutamine is used to maintain the integrity of the gut barrier properties. No
commercial y available product existsin the US.

12. Available stability data for the compounded product: Hornsby-Lewis et a
reported 22 days stability at refrigerated temperatures (See article 7.e. above).
Kahn reported 0.6 to 0.9% degradation per day at room temperature (See article 7.f. above).

13. Additional relevant information: The stable form glutamine dipeptide is available
in Europe in commercial pharmaceutical products.
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MOLECULAR STRUCTURE
AND FORMULA

DESCRIPTION

SPECIFICATION
AND PROCEDURE

IDENTIFICATION

HzN—cl:— CHZ—CHZ—CH_COOH

NH,
CsH1oN203 :146.15
N : 19.17%
White crystals or crystalline powder
odorless
Slight taste
State of solution sec.-1
(Transmittance) More Than 98.0% ¢ = 10, 2N HC!
Specific rotationfaf® | +34.2 - +362° Sitzzeﬁ{ia
. Sec4,0.5¢9
Chloride (Cl) Not More Than 0.021 % 0.30 ml of 0.01N HCI
Sec.-5,0.6
Suttate (S0) Net More Than 0.028% 035 il of Q0N H,SO,
Sec.6-{1), 2.0 g Incineration
Iron (Fe) Not More Than 10 ppm 2.0 ml of Standard solution
Sec.-7-{1),1.0g
Heavy metals (s Pb) | Not More Than 10 ppm 1.0 ml of Standard solution
. SeC*()-B, 1.0g
Arsenic {Asz0,) Not More Than 1 ppm 1.0 ml of Standard solution
Loss on drying Not More Than 020% %53(3}\%
Residue on ignition ~ Not More Than 0.10% sec.-lo, 29

Sec.-n-(2), dry—0.2g + H.0
100 m{ — Take 10 ml ’

Purity (dry basis) | Morel-ha88.5% 0.01 N H,S0, 1 ml = 1.4615 mg
CeHioN:Os
. . . Not More Than 1.0% Sec-13, Solvent A
Foreign amino acids | 1 ¢ 30 ug) Nin A, Standard (0.12 ug)
Pyrogen® Free Sec.-22, 1.0 g/100 ml

* The pyrogen-iree grade will be supplied on request

(1) To 5 ml of sample solution {1— 50) add 5 drops of dilute hydrochloric acid and 1 ml

of endinm pitrjte solution;

(2) ToSmiof

for 3 minutes; a purple color is produced.

the coloress gas is evolved.
sample solution (1 — 1000) add 1 mi of 2% ninhydrin solution and heat
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Document Outline
|

1 E CATION

0_SYNONY M{ SYTRADENAME(S)

3.0 HEALTH HAZARD DATA
5.0 NIOSH DOCUMENTS
Q STATUSINUS

1 0 SUBSTANCE IDENTIFICATIONA
RTECS Number: MA2275100

IChemical Name: Glutamine, L-

IC AS Number: 56-85-9

[B :zilstein Reference Number :
1. BRN 1723797
2. 4-04-00-03038 (Beilstein Handbook Reference)
Molecular Formula; C5-H10-N2-03
Molecular Weight: 146.17
Wiswesser Notation: ZV2YZVQ

ubstance | nvestigated as: Drug, Mutagen, Human Data

lLast Revision Date: 1997
.0 SYNONY M (S)/TRADENAME(S)A

1. 2-Aminoglutaramic acid
2. Cebrogen

3. gamma-Glutamine

4. Glumin

5. Glutamic acid 5-amide

Glutamine, L-

RTECS - Registry of Toxic Effects of Chemical Substances
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L-- RTECS - Registry of Toxic Effects of Chemical Substances htp//165.212.125 &/DATA/RT/RTMA2275100.HTM

6. Glutamic acid amide

1. Glutamine

8. L-2-Aminoglutaramidic acid
9. L-Glutamine (9CI)

10. Levoglutamid

11. Levoglutamide

12. Stimulina

30 HEALTH HAZARD DATAA
ACUTE TOXICITY

TDLO/TCLO - LOWEST PUBLISHED TOXIC DOSE/CONC

Man

TDLo - ROUTE: Oral; DOSE: 27 mg/kg/1W intermittent
TOXIC EFFECTS:
Behavioral - Euphoria

LD50/LC50 - LETHAL DOSE/CONCS0% KILL

Rat
LD50 - ROUTE: Oral; DOSE: 7500 mg/kg ta
Mouse
LDS0 - ROUTE: Oral; DOSE: 21700 mg/kg @
GENETIC EFFECTS

SISTER CHROMATID EXCHANGE

Human

CELL TYPE: lymphocyte; DOSE: 10 mg/L @

OTHER MUIL TIPI F DOSF TOXICITY DATA

Rat
ROUTE: Oral; DOSE: 260 mg/kg/30D intermittent w
TOXIC EFFECTS:
Behavioral - Food intake (animal)
Blood - Changesin spleen
Others - Death

5.0 NIOSH DOCUMENTSA

National Occupational Exposure Survey 1983: Hazard Code X4814; Number of Industries 4;
Total Number of Facilities 841; Number of Occupations 14; Total Number of Employees 8491;
Total Number of Female Employees 5700

v JUN 1 0 199¢

7

5112981041 AM




Glutami

i
4

30f3

T e e e——— Ay

- - RTECS - Registry of Toxic Effects of Chemical Substances

7.0 STATUSIN U.S.a

EPA TSCA Section 8(b) CHEMICAL INVENTORY
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Review

Glutamine and Nucleotide M

etabolism Within Enterocytes

Rosave McCaurey, PuD; Suxe- Evs Koxe, BSc; axp Jous Haw, FRACS

From the University Department of Surgery, Ruyal Ferth Hespital, Perth, A ustralia

ABSTRACT. Glutamine has an important role as a source of
energy fOr enterocytes. However, it may also have a key role as
asource of nitrogen for the synthesis Of nucleotides. The rela-
tive contribution of de nove synthesis and salvage pathways
seems t0 be affected by the position of enterocytes within the
crypt—villus axis as well as the dietary intake of nucleic acids
and glutamine. Nucleotides are especially important to
enterocytes during intestinal development, maturation, and re-
pair. Hence an understanding of nucleotide metabolism within
enterocytes hasimportant implications regarding both the com-
position and route of administration of nutrient solutions. Many

important questions remain unanswered, in particular: Does
glutamine stimulate intestinal de movo pyrimidine synthesis via
the action of carbamoy! phosphate synthetase |? Can de nove
purine Synthesis maintain intestinal purine poots in the absence
of dietary nucleic acids? And, what are the specific effects of
parenterally administered nucleotides on the metabolism and
well-being Of enterocytes? A greater understanding of theseis-
sues will lead 10 a more rational approach toward the nutritional

modulation of gut dysfunction. (Jexrmal of Parenteral and Entera!
Nutrition 22105-111, 1998)

The effects of glutamine (GLN) on the gut certainly
are profound and have led to the suggestion that GLN
may act as a “biological modifier” and a “pharma-
conutrient.™ However, the mechanisms of action of GLN
are poorly defined It is of interest that, in the context of
tumor growth, GLN may act via GLN-dependent prolif-
eration genes.’ It also should be noted that GLN and epi-
dermal growth factor have a positive additive effect on
enterocyte proliferation in vivo.t

The role of GLN as an important respiratory fuel for
the rapidly dividing cells of the gut has been well docu-
mented, In cent.raq less attention has been directed at
therole of GLN as a source of nitrogen for the synthesis
of nucleotides (NT). The catabolism of GLN within
enterocytes yields nitrogen as well as energy, and the
nitrogen derived from GLN can enter various biosyn-
thetic pathways. The term “glutamine oxsynthesis™ has
been proposed to embrace such duality of action.?

In this review we explore one possible explanation for
the trophic effect of GLN on enterocytes. It is postulated
that GLN might provide enterocytes with both energy and
nitrogen for the synthesis of NT. The initial sections de-
tail the trophic effects of GLN and NT on the gut. This is
followed by areview of the biochemical pathways lead-
irtg to the incorporation of nitrogen derived from GLN
into NT. We close with a discussion about the ability of
GLN to promote NT synthesis within enterocytes.

Received fOr publication, May 9, 1997.

Accepted for publication, September 2S, 1997.

Correspondence: Rosalie McCauley, PhD, University Department of
Surgery, Royal Perth Hospital, Wellington Street, Perth, \WA 6000,
Australia. .

GLUTAMINE

GLN, a5-carbon amino acid with 2 amino moieties, ac-
counts for 30% to 35% of the amino acid nitrogen that is
transported in the plasma. Thii role of GLN as a *nitro-
gen shutde™ helps to protect the body against the toxic
effects of high circulating levels of ammonia. GLN also
is important as a respiratory fuel. In autoperfused rat
small “intestine 57% of GLN carbon is oxidized to CO, and
3296 of the total CO, released by the bowel is derived
from GLN.* Because GLN is degraded extensively in the
gut, this means that both GLN carbon and nitrogen are
readily available for the synthesis of other amino acids,
lactate, and NT. Complex interorgan exchange mecha
nisms usually result in a constant level of circulating
GLN. However, during periods of catabolic stress the
intracellular concentration of GLN declines by >50% and
the plasma concentration falls by up to 30%°

GLN is a major respiratory fuel for enterocytes. In
19S7, Hwang et al* reported that the infusion of GLN-en-
riched solutions of parenteral nutrients resulted in an
increase in the mucosal weight and DNA content of the
small bowel Later It was demonstrated that there is a
d nse relationship between the concentration
of Ming GLN and the extent of jejunal atrophy.” An in-
take of at least 4 g/kg/d of GLN was required to reduce
the gut atrophy associated with parenteral nutrition in
rodents This dosage is approximately 80% of the total
daily protein requirement of the parenterally nourished
rat’® A large number of laboratory studies have ahown
that there are functional advantages associated with
GLN-enriched parenteral nutrition solutions, which in-
clude optimum maturation of the intestine during growth,
increased adaptive hyperplasia after intestinal resec-
tion, increased disaccharidase activity within the
unstirred mucous layer of the brush border, the healing
of enterocolitis, and maintenance of the barrier function
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of the gut? These findings have led o the development
of stable solutions of GLN dipeptides such as alanyl-GLN.

Phosphate-dependent glutaminase catalyzes the rate-
limiting step of GLN degradation in enterocytes Thisre-
action generates glutamate and ammonia (Fig. 1).
Glutamate then can be converted into energy via the tri-
carboxylic acid cycle or be diverted into various biosyn-
thetic pathways. The latter include the liberation of ala-
nine (for gluconeogenesis) and the production of omithine,
citrulline, and proline. Glutaminase iS a mitochondrial en-
zymewithaK_for GLN of 2.2 mmolL and in therat jejunum
has a specific activity of 4.8 umol/M/mg protein? These
figuresindicate that it is a very active enzyme that works
at amaximal capacity even in the presence of low eoncen-
trations of GLN.

The extent to which supplements of GLN may be ben-
eficial to patients is unclear. A number of clinical stud-
ies have suggested that GLN enhances nutritional sta-
tus by promoting a positive nitrogen balance and
conserving skeletal muscle-*For example, in patients
undergoing elective cholecystectomy, alanyl-GLN—en-
riched total parented nutrition maintained the postop-
erative concentration of both free GLN and polyribo-
somes in skeletal muscle.® How-ever, there is alack of
controlled clinical trials evaluating the potential benefits
of providing GLN to catabolic patients.” It is of interest
that. in an uncontrolled study, Wilmore's group* found
that combined treatment with GLN, growth hormone, and
a fiber-containing diet significantly increased protein
absorption of patients with short-bowel syndrome.

We will now consider NT metabolism within
enterocytes. This will provide a foundation for the later
discussion that links the ammonia generated by the ac-
tion of glutaminase with the synthesis of NT.

NT AND PROTEIN Metaholism

The nomenclature of NT is complex NT consist of a
purine or pyrimidine base, a pentose sugar, and one or
more phosphate groups. Nucleosides (NS) cart be viewed
as subsets of NT inasmuch as they consist of a purine or
pyrimidine base and a pentose sugar. It is important to
appreciate that NS and NT can contain either ribose or
deoxyribose pentose groups. NT with ribose groups are

Glutamine

A i
Glutaminase

,——‘NHs

Glutamate . AMINO &cid
‘ Biosynthesis

TCA cycle
F. 1. Pathways of glutamine degradation within enterocytes.
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building blocks for 1 NA, whereas NT wi th deoxyribose
groups are building b locks for DNA Their presence is
especially important during intestinal development.
maturation, and repaur.

NT promote the growth and maturation of the devel-
oping gut. Uauy et d’3 evaluated the effect of added NT
(0.8% for 2 weeks) on gut growth and maturauon in wean-
ling rats. These supplements increased mucosal protein
and DNA concentration in the jejunum by at least 50%,
and this increase was accompanied by an enhancement
of disaccharidase activity. NT also promote the healing
of darnaged gut in weanling rats.™* The gut has the bio-
chemical pathways to degrade dietary nucleic acids to
either NS or purine and pyrimidine bases, and most di-
etary nucleic acids are absorbed as NS.*> As cow’s milk
islacking in NT content, whereas human milk isrich in
cytosine and adenine derivatives, it has been suggested
that infant formulas should be enriched with NT.1

Dietary deprivation of NT has an adverse effect on the
gut. He et al*® reported that the addition of NT to
enterocyte cuftures promoted growth and proliferation.
Furthermore, tats fed a NT-free diet have a reduced frac-
tional rate of protein synthesis and a reduced concen-
tration of DNA in the intestine.” Leleiko et al'* found a
dramatic decrease in small intestinal total RNA after the
removal of dietary purines and pyrimidines or the ad-
ministration of 6-mercaptopurine (a purine antimetabo-
lite). It was suggested that all messenger RNA (mRNA)
species were not equally affected, and this suggests a
potential mechaniim by which dietary components may
control the synthesis of specific proteins. Leleiko and
Walsh™ have discussed the evidence that the effects of
purines may be mediated through regulatory proteins
that bind to specific promoter regions genes involved in
regulating intestinal growth

Supplements of NT may help to preserve the structure
and function of the gut during parenteral nutrition. Iijima
et al* found that rats who received parenteral nutrition
enriched with the NS/NT mixture OG-VI (Otsuka Phar-
maceutical Factory, Inec, Tokushima, Japan) had in-
creased jejunal weight, DNA content, and crypt cell pro-
duction rate. Although OG-VI contains precursors for the
synthesis of both the purines and pyrimidines, adenos-
ine monophosphate was not included because its admin-
istration has been associated with hypotension and
bradycardia ¥ The OG-VI-enriched solution had a trophic
effect on the intestine greater than the effect of 3.1g
GLN/kg body wt/d, but this dose of GLN is less than the
4.0 g GLN/kg hody wt/d that is known to produce optimal
changes in the tafmmm 7

Damaged gut requires NT. It has been reported that 4
days of NT/NS-enriched parented nutrition significantly
improved healing of ulcers induced by indomethacin in
rats.2 Because the NT/NS increased crypt length, crypt-
villus tie, and mitotic index, the authors suggested that
the effect of NT/NS was related to an increase in the rate
Of@ proliferation® A NT-enriched diet also promoted
healina of intestine after lactose-induced diarrhea in
nls.“meanhnalsmtedwiﬂ,mmggrumvﬂlous
height/erypt depth ratio and less intraepithelial lympho-
cytes than the rats deprived of NT.

The need for the gut to have ready access to NT is rel-
e vant to the optimal formulation of enteral and
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parenteral nutrients. Nutrient solutions should have tlie
capacity to provide a source of NT {0 sustain adequate
levels of nucleic acid synthesis. Inthe next section we
describe how the gut can derive NT from either existing
nucleic acids via salvage pathways or by de movo syn-
thesis.

XT SYNTH ESIS

Under normal circumstances, the gut metabolizes dietary
NT via salvage pathways. 13 However, in times of depriva-
tionboth pyr|m|d|ne and purines may be synthesized by de
novo pathways. Figure 2 provides an overview of the bio-
chemical pathways involved in the synthesis of NT. It is
important to review this information because it provides a
background for discussions about the interrelationships
between the metabolism of NTand GLN.

Pyrimidines

Uracil, cytosine, and thymine are the pyrirnidine bases
commonly found in nucleic acids. The pyrimidine NS (uri-
dine and cytidine) are formed by linkage of the pyrimi-
dine bases to a ribose pentose sugar. The pyrimidine
mono-, di- and triphosphates (UMP, UDP, UTP, CMP, CDP,
and CTP) are phosphoric esters of the pyrimidine NS.
Derivatives Of thymine are only found in DNA, whereas
derivatives of uracil are found only in RN‘A

Carbamoyl phosphate IS the substraie for the de novo
synthesis of the pyrimidine NT (Fig. 3). It can be derived
from GLN in the reaction catalyzed by ca.rbamoy! phos-
phate synthetase II (CPS IT) or from ammonia, CO,, and Mg
adenosine triphosphate (ATP) in the reaction mtalyzed by
carbamoyl phosphate synthetase | (CPS f). Because am-
monia can be generated from GLN in the reaction cata-

De Novo
I Synthesis I
Gin-PRPP-AT CPS1
FGAM-S CPSII

. v -
Purines —] Nucleic L pyrimidines

4 Acids o
APRT PP
HGPRT X
t___ Salvage
Pathways
Fic. 2. Overview of nucleotide blosynthesis in
utamine aminotransferase (Gin-PRPT-
AT), phosphoribosyt: 3 dine synthetase sdenine
transferase (APRT), hypoxanthine
ferase (HGPRT), synthetase [ (CPS I), carbemoyt
hate synthetase I (CPS M), pyrimidine > ferase
{PP). and thymidine kinase (TK).

N

GLUTAMINE AND NUCLEOTIDE METABOLISM 107

A 11
Glutamine crs Carbamoyl Phosphate
T - ' |
Glutaminase Ccps/
lL NH, '
[
Glutamate Pyrimidines

. 3 Metabolism of glutamine nitrogen L0 pyrimidine nucleotide via car-
Ehosphzm synthetase | (CPS I) and carbamoy] phosphate syn-
thetase 11 (CPS |i

Iyzed by glutaminase, GLN-nitrogen Can participate in both
of the CPS reactions. CPS | is located in the mitochondria
with other enzymes of urea synthesis, whereas CPS H is
located within the cytosol as past of a multienzyme com-
plex that contains two other enzymes from the de novo path-
way. Tatibana and Shigesada® have suggested that the dis-
tribution of CPS | and CPS IT within the cell isto separate
the pathways for urea and pyrimidine synthesis.

Analyses of the complementary DNA of rat CPS I and
CPSII suggest that they have arisen from the fusion of
two ancestral genes a glutaminase subunit and a syn-
thetase subunit-r' The glutaminase domain is active in
CPSIL, enabling the use of GLN as a nitrogen donor. in
contrast, the substitution of a swine residue for a cys-
teine residue in the glutaminase domain of CPS | has re-
suited in aloss of the ahiiity to bind GLN. Instead, CPS1
uses ammonia as the nitrogen donor and has acquired
an N-acetyl-glutamate-binding region in the C-terminal
haif of the synthetase domain

Jones® has suggested that the reaction catalyzed by
CPS 1 is the rate-limiting step in the de movo Synthesis
of pyrimidines in the intestine. Although the intestine
contains CPS |, its level of activity is low.® The activity
of CPSisregulated by the intracellular concentration
of the positive effectors (ATP and 5-phosphoribosyl-1-
pyrophosphate) and the inhibitors (UDP and UTP).¥ The
final steps in & move pyrimidine synthesis culminate 1n
the formation of UMP, which is the buiiding block for the
formation of UDP, UTP, and CTP.

Some individuals lack the last two enzymes of & movo
pyrimidine synthesis and suffer from erotic aciduria,
which is associated with retarded growth and severe
anemia Treatment with cytidine or uridine reverses the
anemia and reduces the excretion of erotic acid.® We
are not swam of any studies that have investigated the
Jejunum Of patients with orotic aciduria.

Pyrimidines can be formed from dietary nucleic ac-
ids by salvage pathways. These pathways ar e complex,
as indicated by the fact that pyrimidine
phosphoribosyltransferase can salvage both wuracil and
thymine. The intestine can also %\I e appreciable ur-
dine from blood via uridine phosp! and has a 20-
fold greater activity of uridine phosphorylase than
liver.®® As a general comment, there is a lack of de-
tafled knowledge about the specific role of other sal-
vage enzymes.

The activity of pyrimidine phosphoribosyltransferase
In the intestine Is of great interest because it also con-
verts the anticancer proagent §'-deoxy-6-fluorouridine
to its active form 5-fluorouracil. This reaction is Inhib-
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ited within the intestinal mucosa by uracil, uridine, and
tllynli(iine.~'1: This observation has implications for the
nutrition support of patients receiving anticancer agents.
The circadian pattern of thymidine kinase, an enzyme
localized to intestinal cnpts. and other purine salvage
enzymes may explain theobserved circadian variation
in the 1oxicity of anticancer drugs ™

Purines

Adenine and guanine are the purine bases commonly
found in nucleic acids. The purine NS (adenosine and gua-
nosine) are formed by linkage of the purine bases to a
ribose pentose sugar. The purine mono-, di-, and triphos-
phates (AMP, ADP, ATP, GMD, GDP, and GTP) arc phos-
phoric esters of the purine NS. The derivatives of adenine
and guanine are found in both DNA and RNA

The rate-limiting step of de novo purine synthesis is
catalyzed by gluts.mine phosphoribosyl pyrophosphate
amidotransferase (GIn-PRPP-AT). The activity of this en-
zyme is regulated by the intracellular concentration of
5-phosphoribosyl- 1-pyrophosphate, AMP, and GMP.* A
further nine reactions lead to the synthesis of inosine
monophosphate (IMP), which can be converted to the other
purines (AMP, XMP, and GMP). There are two irreversible
reactions in the de novo synthesis of purines that involve
GLN as a substrate: the rate-limiting step involving Gln-
PPRT-AT and the step catalyzed by phosphoribosylformyl-
glycinamidine synthetase (FGAM-S).

The capacity of the intestinefor de nove purine synthesis
isequivocal. The early work of Savaiano and Clifford® found
that rat intestinal cells did not incorporate[*‘C]glycine into
adenine and guanine and concluded that intestina! cells
lack de nove purine synthesis. However, Boza et al* re-
cently have challenged the idea that the intestine is not
capable of de novo purine synthesis. By using *C-labeled
amino acids and gas chromatography-mass spectrometry,
it was found that the intestine of pregnant mice derived
92% of RNA-bound purines from de now synthesis. Because
there also are contradictory reports about intestinal Gln-
PRPP-AT and FGAM-S activity,” the extent that the gut
can generate purines by de novo synthesis has.yet to be
resolved. "

The main purine salvage enzymes are hypoxanthine-gua-
nine phosphoribosyl transferase (HGPRT) and adenine
phosphoribosyl transferase (APRT). Both of thése en-
zymes are active in intestine,¥ but feeding a purine-free
diet caused a 5-fold reduction in the expression of HGPRT
and a 10-fold reduction in the expression of APRT mRNA.™
In accord with these results, \WWalsh et al® found that a
purine-free diet_ a 4-fold reduction in the transcrip-
tion rate of the HGFRT gene and wer e able to identify a
regulatory element within the HGPRT gene. They postu-
lated that intake of purines would stimulate the synthesis
of specific proteins that would bind te and promote the
transcription of the HGPRT gene.

Purine NS phosphorylase also is a purine salvage
enzyme. It catalyzes the formation oOf inosine and gua-
nosine from hypoxanthine and guanine, respectively. It is
of interest that purine NS phosphorylase k an indicator
of preservati on Injury during storage of the donor organ
before small bowel transplantation * Purine Ns phospho-
rylase activities in luminal effluents co with the
duration of preservation time and predicted graft survival

NTSYNTHESIS ALONG THE CRYPT-viLLUS AXIS

Cell position within the crypt-villus axis affects NT
biosynthesis in enterocytes. Chwalinsk and Potten*? ob-
served that the ability of enterocytes to incorporate
[“Hﬂ(hymidine via the salvage pathway decreased as the
cells moved from the crypts toward the villus tips. In a
more detailed study, Uddin et al” used [*H Jorotic acid
and [*H)uridine to examine the relative rate and local-
ization Of de move and salvage synthesis of pyrimidines
in the rat duodenum. Figure 4 has been constructed by us-
ing data presented in that study.* It demonstrates that in
the crypts the cells mainly incorporated uridine via the
salvage pathway. whereas the villus cells mainly incorpo-
laced orot ic acid via the de #ovo pathway. These observa-
tions were confinued by Bissonnerte

RELATIVE USAGE OF THE DE NOVO AND SALVAGE
PATHWAYS

The relative contribution of de now synthesis and sal-
vage path ways to intestinal NT pools has significance
with regard to the appropriate composition of nutrition
support regimens. We are aware of only one study that
examined the relative contribution of the two pathways
to intestinal pyrimidine pools. Zaharaevitz et at* found
that de novo synthesis made a twofold greater contribu-
tion to intestinal NT pools than the salvage pathways.
This was in contrast to liver, where salvage pathways
made the greater contribution. The relative rates of de
novo synthesis and salvage pathways in intestine would
imply that intestine may be able to maintain pyrimidine
pools in the absence of dietary nucleic acids.

Even less isknown about the relative rates of de nove
and salvage purine synthesis in the intestine. However,
as previously discussed, rapidly dividing crypt cells are
dependent on dietary nucleic acids to maintain NT pools.
Thus, feeding a nucleic-acid free diet may impair the pro-
liferative capacity of the crypt cells and thereby reduce
villous height and absorptive capacity. This could ac-
count, in part, for the atrophic changes observed in the
gut of animals fed nucleic acid-free diets.”

FiG. 4 Relative contribution of de 8000 synthesis and salvage pathwxys to
RNA poots In enterocytes in different positions along the crypt-villus axis.
Constructed from dats presented by Uddin etal ®
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THE RELATIONSHIPS BETWEEN GLUTAMINE AND NT
METABOLISM

in this section we build upon the biochemical pathways
linking GLN and NT metabolism by presenting evidence
in support of the concept that GLN supplements might
stimulate the rate of synthesis of NT within enterocytes.

“Radioisotopes cannot be used to study the fate of ni-
trogen from GLN because ®N has a half-life of only 10
minutes. In contrast, “C, which has an exceedingly long
haf-life has been used extensively to study the role of
carbon as afuel.** Stable isotopes such as N and “C,
which can be detected by mass spectrometry are an al-
ternative to radioisotopes. For example, *N-GLN has
been used to trace the fate of enterat GLN in humans.
Although this work showed that 54% Of enteral GLN was
sequestered within the splanchnic bed, the amount of
GLN-nitrogen metabolized to NT within enterocytes was
not studied.”

Windmueller*s studied of the flux of metabolizes across
isolated segments of rat intestine and concluded that “ap-
proximately 80% of the ammonia generated by glutami-
nase is released into the portal vein, contributing impor-
tantly to the large ammonia flux between intestine and
liver that also includes ammonia generated by the intes-
tinal microflora. The remaining ammonia apparently is
converted to carbamioyl phosphate.” This seems to be
appropriate because it has been established that carbam-
oyl phosphate is a substrate for the synthesis of the py-
rimidines (Fig. 2). The structure of GLN metabolism
within enterocytes means that as GLN is oxidized to re-
lease energy, there is a coincident release of nitrogen

that can be synthesized into NT. This arrangement is an
example of the coupling of a biosynthetic pathway (NT
synthesis) to a catabolic pathway (degradation of GLN),
and it allows for the precise control of the rate of bio-
synthesis of important end-products.®

The liver is adapted to cope with large amounts of am-
monia. It has a highest level of CPST activity of any tis-
sue and also has a high content of N-acetylglutamate,®
apositive effecter of CPS L#4! Thus liver is able to syn-
thesize excess ammonia rapidly into carbamoyl phos-
phate, which can then be metabolized to urea. One con-
sequence of this adaptation is that carbamoy! phosphate
generated by CPS I can contribute to & rove pyrimidine
Synthesis. This arises because the mitochondrial mem-
brane is per meable to carbamoyl phosphate ® and car-
bamoyl phosphate generated in the mitochondria by CPS
| can leak into the cytosol and stimulate pyrimidine syn-
thesis (Fig. 6). Hence mitochondrial carbamoyl phosphate
can stimulate hepatic pyrimidine synthesis when there Ss
excess ammonia®* or GLN.® The effect of an increase in
pyrimidine synthesis within hepatocytes on the rate of hepa-
tocyte proliferation has yet to be defined clearly.

The intestine also has CPS I activity and also is ex-
posed to large amounts of ammonia,® but because the
activity of CPS I in liver is about 28 timesthat of the
intestine, it seems unlikely that excess ammonia or GLN

would stimulate intestinal pyrimidine synthesis. How--

ever, iike the liver, intestine has a high content of N-
acetylglutamate,® the allosteric activator of CPS I, and,
although CPS I is less active in intestine than liver, the
intestine has a relatively high content of CPS I mRNA.
This high CPS I mRNA content might enable the gut to

GLUTAMINE AND NUCLEOTIDE METABOLISM
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o ]
N H CPSI__ Carbamoyl Ura
! Phosphate {exoreted)
= &SI/ __ Casbamayl Orouc Acd Pynmidines
Glutamine] Phosphate {excraed)

Fic. 5. Carbamoyt Phosphate generated in shemitochondria by carbamoyl
phosphate synthetase I (CPS I} may leak into the cytoso! and stimulate
pyrimidine svnthesis The activity Of cystolic carbamoy! phosphate syn-
thetase 11 (CPSI1) may not always be the rate-limiting step of pyriniidine
synthesis.

respond rapidly to any change in concentration Of am-
monia % |n support of this observation, in mice, al-hour
infusion of *NH,Cl induced an increase in de NOW pyri-
midine synthesis in the liver (fourfold) and intestine
(twofold).” Further research is necessary to determine
whether GLN can stimulate pyrimidine synthesis within
enterocytes. A pos.tive result might help to explain why
GLN can have atrophic effect on the jejunum.

There also are unanswered questions about de nouo pu-
rine synthesis within the intestine. On one hand there are
reports that intestine has very low activity of GIn-PRPP-AT
and FGAM-$%2 and is not capable of & nowo purine synthe-
sis™; on the other hand, there are reports that the intestine
has appreciable Gln-PRPP-AT® activity and that the& novo
pathway makes alarger contribution than the salvage path-
ways to the intestinal purine pools.* Thus it has yet to be
demonstrated that de movo synthesis alone cart maintain
purine pools within the intestine.

After small bowel resection there is an increase in nucleic
acid synthesis and cell proliferation in the remaining small
intestine. The activity of both gtaminase® and enzymes
involved in& now and salvage pyrirnidine synthesis are
increased after small bowel resection® studies evaluating
the effect of GLN on gut, adaptation in experimental ani-
mals have produced contradictory results.*# |t impossible
that the effect of GLN supplements on gut adaptation may
be dependent on the route of supply. A key area for further
research will be the effect of parenteral and enteral NT
supplements on gut adaptation after massive small bowel
resection.

In conclusion, our review has stressed the linkage be-
tween GLN and NT metabolism within enterocytes. A
number Of questions remain unanswered. Does GLN
stimulate intestinal & novo pyrimidine synthesis via the
action of carbamoyl phosphate synthetase I? Can de.novo
purine synthesis maintain intestinal purine poolsin the
absence of dietary nucleic acids? And, what are the spe-
cific effects of parenterally administered NT on the
metabolism and well-being Of enterocytes? A greater
understanding Of these Issues will lead to @ more ratio-
nal approach toward the nutritional modulation of gut

dysfunction.
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A prospective randomized study of glutamine-enriched
parenteral compared with enteral feeding in postoperative

patients’™

Judith Fish, George Sporay, Karen Beyer, John Jones. Todd Kihara, Alfred Kennedy. Caroline Apovian,

and Gordon L Jensen

ABSTRACT  Plasma amino acids were measured in 17 post-
operative subjects randomly assigned to receive for 2 5 d tube
feeding or total parenteral nutrition (TPN) that had identical en-
ergY. nitrogen, and glutamine contents. Subjects required gastric or
pancreatic surgery for malignancy and werewell-matched for age
and body mass index. Tube feeding or TPN began on postoperative
day | and advanced in daily 25% increments to meet goals of 105
KJ - kg body wt™'-d", 1.5 g protein - kg body wt™'-d~', e nd
0.3 g glutamine - kg body wi™* - d-'. Delivered energy, nitrogen,
arrd glutamine were closely matched on day 4. Nitrogen balance
and plasma proteins did not differ significantly between feeding
groups. Total indispensable amino acids.branched-chain amino
acids, and glutamine declined 25% On postoperative day | com-
pared With preoperative &y O. Indispensable and branched-chain
amino acid concentrations were restored with 5 d of either tube
feeding or TPN. Glutamine concentrations did not differ signifi-
cantly by feeding group, though e trend suggestedthat glutamine
recovered more Slowly in the wube-fed than in the TPN-fed sub-
jects. Plasma amino acids otherwise reflected formula composition
with ratios Of valine t0 Jeucine of 1.24 and 3.69 umolL in subjects
receiving 5 d of tubs feeding or TPN. respectively. These findings
suggest that glutamine-enriched tube feeding and TPN can result
in similar profiles for most plasma amino acids at carefully
matched doses.  Am J CJin Nutr 19975597743.

KEY WORDS  Glutamine, tube feeding, total parenteral
nutrition, TPN, enteral nutrition, postoperative patients, amino
acids, humans

INTRODUCTION

Glutamipe is the most abundant amino acid in plasma and
skeletal muscle (1-3) and was recently recognized as a condi-
tionally essential amino acid. Although glutamine is usually
adequately synthesized itsthe body plasma and cellular con-
centrations fall rapidly after i mJury ot surgery (4). Glutamine
bas many functions, which may increase the demand for glu-
tamine in catabolic states. It serves as the preferred oxidative
substrate for enterocytes and may have a vital role in the
maintenance of intestinal integrity and functioa (5, 6). It is also

tamine consumption in the stressed state and may, therefore,
play e sole in modulating the protein catabolic response to
injury (8, 9). Traditional nutrition support therapies contain
vua' liale glut.amine because of its unrecogni zed requirement
and its poor stability in solution.Glutamine can bc successfully
supplemented in parenteral solutions (10-12) or lube-feeding

formulas (13). Both modes of nutrition support appear to be

well tolerated, but it is unclear whether enteral glutamine is
metabolized differently than parenteral glutamine. \W e hypoth-

esized that there wouldbe assappreciable ‘first-pass'” clear-
ante, with enteral glutamine first metabolized by the gastroin-

testinal tract and liver before reaching Uk general circulation

This study was designed to compare plasma amino acid pro-
files iN postoperative patients randomly assigned to receive
parenteral or enteral nutrition supplemented with glutamine.

SUBJECTS AND METHODS

Subjects

Patients between 18 and 75 y of age scheduled for elective
upper gastrointestinal surgery were eligible for study. Patients
were candidates for postoperative nutrition support ¢ nd were
expected 1o require nutrition support for 2 5 d. Exclusion
criteria were as follows: insulin-dependent diabeles, renal dis-
ease (creatinine cons.sstmtion > 221 umol/L, or 2.5 mg/dL),
hepatic disease (total bilirubin concentration > 51 pmol/L, or
3mg/dL), e U[OIMmMune disease, conditions precluding use of
enteral feeding (eg, bowel obstruction or pancreatitis), chronic
steroid use, cardiac disease (class [T or 1V. New York State
Heart Association), Glasgow Coma Scale < 5 (14), chronic

obstructive pulmonary disease [partial pressure of carbon di-
oxide (PCO,) > 375 kP, or 50 mm Hg], metastatic carcinoma,

and pregnancy.

! From the Departments of Gastroeaterology and Nutrition and General
Surgery, Geisinger Medical Center, Danvilie, PA.

2 Presented in abstract form st the American Society for Clinical Nueri-
ton 35th annual mecting, May 4-6, 1995, San Dicgo.

3 Supported in part by Sandoz Nutrition, Minneapotis.
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a nucleotide precursor (7) and may regulate protein turnover by edu.

shuttling nitrogen between skeletal muscle and visceral organs Received Angust 8, 1996.

(8). The gastrointestinal tract has markedly increased glu- Accepted for poblication November 7, 1996.
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This investigation was approved by the Geisinger Institu-
tional Research Review Board with informed consent by stan-
dard protocol. Twenty consenting subjects were randomly as-
signed preoperatively by a compuier-gencrated random
sequence to receive glutamine-enriched enteral Or parenteral
feeding postoperativel y.

Nutrition support

Nasoenteric postpyloric feeding wbes (8 Fr Frederick-Mill-
er; Cook Company, Blooming[on, IN) were placed during
surgery and positioned in the jejunum to the ligament of Treitz
(15). Central venous access Was al SO obtained.

Tube-feeding and total parenteral nutrition (TPN) formu-
las were closely matched for energy, protein. nitrogen, and
glutamine (Table 1). The measured glutamine content Was
113 641 umol/L in the TPN formula and 109010 umol/L in
the wube-feeding formula (Table 2). The tube-feeding for-
mulawas elemental (Vivonex Plus. Sandoz Nutrition, Min-
neapolis). The TPN formulawas composed of an amino acid
solution formulated by combining acommercialy e vailable
formulation (Ren Amin; Baxter Health Care Corp. Glendale,
CA) with free L-glutamine (Ajinomoto USA Inc, Teaneck,
NJ). The procedure for glutamine-enriched TPN formulation
was described previously (11). TPN solutions were com-
pounded daily as a 3-in- | admixture. Standard electrolyte,
multivitamin, mineral, and trace element solutions were
used (Astra, Westboro, MA).

Tube feeding or TPN was initiated at full strength Either
mode Of nutrition support was begun at 1800 on day 1 post-
surgery and advanced in identical increments on the basis of
god energy requirements of 105 kJ - kgbody wi™'-d™"! (Ta
ble 3). Goal nutrition also provided 1.5 g prote| n" kg body

wi~'-d""and 03 g glutamine - kg body wt™! -d-’. Nutrition
support was continued for 10 d or until the subject was able to
consume an oral diet other than clear liquids. Tube-feeding
tolerance was monitored with daily recording of nausea. dis-
tention, Or diarrhea. Subjects were afso monitored for compti-
cations associated with central venous access (catheter infec-
tion, Siteinfection, and venous occlusion). A minimumfeeding
threshold of 4184 k3/d by (he fourth postoperative day was

TABLE 1
Composition of tube feeding and total parenteral autrition (TPN)
formulas

Composition Tube feeding’ TPN?

Energy ()WL) 4300 4300
Energy distribution

(% aenino acids) 18 18

(% fat) 6 6

(% carbohydrate, dextrosc) 76 76
Nonprotein energymitrogen 1s:1 1121
Total glutamine (/L) 10.00 10.58
Total eitrogen () 713 733

? Vivonex Plus (Sandoz, Minneapolis), mn elemennal formwla with
multivitamins and minerals.

26.5% Ren Amin (Baxier, Glendale, CA), L-ghutamine (Ajinomota,
Teaneck, NJ), 20% Liposyn I (Abbott, Abbott Park, IL), 20% dextrose
{(Abbor), and standard multivitamins and mincrals (Astra, Westboro, MA).

established for final daa revicw so thatiaciuded study subje cts
would have received adequate enteral feeding for analyses.

Laboratory analyses

Venous plasma amino acid concentrations were measured at
baseline ondays O, 1, 5, and 10 (Table 3). Bleod samples were
collected into hcparin-containing collection tubes from in-
dwelling catheters at 1000 each sample day. Tube feeding and
TPN were stopped 30 min before sampling. Plasma samples
were stored at —70 “C. Reference values were determined from
analyses of venous plasma samples from four healthy fasting
adults..

Plasma was deproteinized by using membrane filtration
(Centrifree; Amicon, Beverly, MA) and supplemented with the
internal standard S-2-aminoethyl-L-cysteine. The amino acids
were separated by ion exchange with a three-boffer lithium
citratesystem on a Beckman 7300 amino acid analyzer (Som-
erset, NJ). Postcolumn derivatization with ninhydrin was fol-
lowed by spectrophotometric detection at 440 and 570 nm.
Systems Gold Software was used for peak identification by
retention time and for peak integration (16, 17).

Other standard laboratory procedures included the measure-
ment of serum sodium, potassium, chloride. bicarbonate, blood
urea nitrogen, creatinine, and glucose and complete blood
counts on days O, 1, 3, 5, 7. and 10. Concentrations Of mag-
nesium, phosphorus, ionized calcium, albumin. transferrin, and
prealbumin were determined and liver function tests were
conducted on days 0.5. and 10.

Nltmgca balance was measured ot days 1, 4, and 10. Total
urine urea nitrogen was determined with anitrogen analyzer
(Antek, Houston) (18) from 24-h urine samples. Nitrogen bal-
ance was calculated as follows: [tube-feeding protein intake
{£)/6.28) — {total urea nitrogen (g) + 2), or SS [TPN protein
intake (gY 6.13] - (total urine ureanitrogen (g) + 2].

Indirect calorimetry was performed on days 1, S, and 10
postoperatively with the Metascope metabolic cart (Cyber-
medic, Louisville, Co). Steady state measurements were made
over & 10 min with ongoing feeding. Measures Were nat
atiempted iN uncooperative Or medically unstable patients, nor
in those who maintained > 60% inspired oxygen or who were
using a continuous positive sirway pressure mask.

Statistical methods

Continuous data are summarized aS means * SEs. Two-
sample 1 iests were Used to compar e patients randomly assigned
to the two feeding groups with respect SO body mass index
(BMD), age a study entry, and nutrients feceived ON day 4. The
balance of sex between the two feeding groups was tested with
Fisber's exact test. A multvariate analysis Of variance
(MANOVA) modcl was ﬁued t the day-o and day-5 data for

mctornl
phocyte count. Within cach madel, tests for feeding 'l lym-

time interaction, feeding group differences at baseline, and
time differences within feeding group were performed.
MANOVA was also used 1o evaluate feeding group, time, and
feeding group-by-time interaction effects oneachsetof
acid concentrations measured on days 0, 1, and 5. Significant
interaction effects were i w0 take precedence over
corresponding main effects of either time or feeding group. All
tests were two sided and a P value < 0.5 was considered
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TABLE?
Plasma amino acid concenurations ON days O. 1. and 5’
Masma
Amino acid (umolL) and type Of feeding' Dsyo Day | Day 5 Formula
umal/L wumol/L
Methionine” (34 = 3)
TF 33=11 286 40 =6 28500
TPN 21210 5=+8 56 =15 31 409
Glutamine® (490 = S9)
TF 525 = 206 387 =156 389 = 160 109 010
TPN 5622135 413 = 125 474 =319 113 641
Leucine’ (129 £ 12)
TF 136 =52 98 =17 171 =18 144409
TPN 111 = 38 78=17 108 = 40 43566
Valine’ (216 = 14)
T-F 195 = 51 164> 26 212+ 28 47004
TPN 186 = 54 151= 32 3% =141 61379
Isoleucine™® (68 = 9)
TF n=39 48 =16 84213 51 682
TPN 5722 32 =14 =25 345s1
Arginine’ (75 = 9)
TF 78=33 4512 83>28 s0 939
TPN 77 =18 43213 4x34 34822
Taurine™? (59 = 6)
TF $71=7 49 =17 $3=23 3642
TPN 55 =16 37212 32=10 ND
Tyrosine? (58 = 5)
TF 69 =20 6629 61=x12 11021
TPN 60 *20 56 % 10 53=15 1894
Asparagine® (62 £11)
TF 4217 U7 426 ND
TPN “zxy7 M2 2115 ND
Aspartate® (7.0 £ 0.7)
TF 11.1.272 69=21 17x229 12858
TFN 6.8x34 6.723.7 34x5S 49
Phenylalanine® (52 = 4)
TF =34 67 =15 99 >34 39293
TPN 58220 56 =10 93 =34 29 21
Lysine® (150 = 16)
TF 180 = 52 13927 141238 33 607
TPN 204 > 57 149027 155259 29436
Citrultine® 28 = 1)
TF 210 156 1927 40
TPN B2 n=x6 17=9 ND
Omithine® (50 = 9)
TF 571=26 439 TB=x16 105
TPN 6222 =12 G=U 112
Cystine (54 = 4)
TF 87245 54=32 =M ND
TPN B3 £7=20 51252 * ND
Proline’ (185 = 47)
TF . 10=73 "NS=3 117226 16225
TPN 196 = 68 136229 I1ND=75 w 501
Alanine® (394 = 55)
TF 42] =258 321 2 106 253253 9047
TPN 433 =164 3432109 24 = 149 57963
Threonine® (12S = 21)
TF 114235 =1 1242 51 28 258 “
TPN 137243 8525 162 = 51 29722
Glycine® (271 2 3) '
TF U7 = 1Nzs42 1Yy 10372
TPN 266 = 1 = 5t 10 =46 35328
Histidine (76 = 8)
TF 67*20 s$s=x13 4829 10 12
TPN 58+1S 46*35 $5=2 25716
I JUNTDp 1998
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TABLE 2
Continued
Plasmoa
Amino acid (umoli.) and wype of feeding? Day O Dayl Day5 Formula
Serine’ (126 = 14)
TF 105=27 75: 18 69= 17 9157
TPN 109 = 36 6429 70 =16 14774
Glulamaic® (24 = 6)
TF 82=33 $2= so 81 = 56 290
TPN 86 = 45 53:28 91 =87 149
IBCAA’ (413 = 34)
TF 411 2 134 309 = 52 468 = 55 243095
TPN 354 = 107 261255 577 =200 139856
ZIAA® (776 = 5T)
TF 81 07248 621:94 872 =126 372753
TPN 774 %218 567:107 1043 =313 259650
Valine:leucine’ (1.68 = 0.08)
TF 1.48 =022 1.68 £0.20 1.24:0.32 0.32
TPN 1.70=0.19 198 = 032 3.69=0.60 1.42
Asparuate:asparagine® (O.12: 0.02)
TF 034=0.32 0.21 £ 0.07 0.37:026 ND
TPN 0.[8 :0.12 0.21 £ 0.14 0.47:0.33 ND
Phenylalanine:tyrosine® (0.90 = 0.05)
TF 1.0320.33 1.01=0.19 151:0.43 357
TPN 1.00=0.32 1.0120.13 1.78 £ 0.46 1s.43
Gluamate:glutamine (0.05 = 0.02)
--F 0.18=0.11 0332032 0.29 £ 0.35 0.033
TPN 0.1720.13 0.13 z 0.07 020 = 0.16 0.001

! TF, tube feeding (n = 7) on days 0-5; TPN, tota] parenteral putridon (n = 10) on days 0-5; BCAA, branched-chain amino acids; IAA, indispensable

amino acids; ND, not detectable.
2 Reference control values in parentheses & = SEM).
? Significant fading group-by-time interaction, P < 0.05 (MANQVA).
‘% * SEM.
7 Significant differences across time, P < 0.0S (MANOVA).
® SignifW differences between feeding groups. P < 0.05 (MANOVA).

significant. SAS software (SAS Ingtitute Inc. Cary, NC) was
used for the analyses.

RESULTS

Twenty patieats were enrolled into the study; three subjects
did not meet goal feeding by day 4: one subject Jost tube-
feeding access, one had tube feeding held because of high
nasogastric drainage, and one subject had tube fading stopped
because of diarrhea. Of the remaining subjects for final data
review, 7 received tube feeding and 10 received TPN. There
were no significant differences between the two groups for age,
sex, and BMI (Table 4). The two groups had similar diagnoses
and surgical procedures. Both groups received energy, nitro-
gen, and total glutamine that did not differ significantdy on day
4 (Table 5). Total urinary nitrogen, measured resting energy
expenditure, and nitrogen balance on day 4 were also not
significantly different between groupa (I’ able §) An inade-
quate number of subjectscontinued to require nutrition support
at day 10 and, therefore, & comparison between groups was
done only at the earlier time points.

Baseline concentrations of plasma proteins and cholesterol
and tota] Iymphocyte counts were not significantly different
preoperatively between groups. Both groups had a significant
drop in plasma proteins postoperatively (Table 6).

Baseline pI aSMaamino acid profiles did not differ signifi-
cantly between groups for any measured amino acid. All sub-
Jects had hypoaminoacidemia On postoperative day 1. Total
indispensable amino acids. branched-chain amino acids, and
glutamine declined 25% 0N postoperative day 1 compared wish
preoperative day O (Table 2). By day 5, plasma concentrations
of most amino acids approached baseline values. There were
significant differences for feeding group-by-time interactions
for methionine, leucine, and valine and significant differences
between feeding groups for isoleucine and taurine (Table 2). In
each case, the plasma amino acid profile was consistent With
the respective tube-feeding or TPN formula composition
Plasma from tube-fed and TPN-fed subjects was readily dis-
tinguished on the basis of ratios of valine to leucine on day 5
Of 1.24 and 3.69 pumoV/L, respectively (Table 2). This ratio
served to maximize the inherent differences in formula com-
position. Plasma glutamine did not differ significantly between
groups. Both groups had a drop in plasma glutamine postop-
cratively and a rise by day 5. There was, however, a wend
favoring a retumn (o baseline glutamineconcentrations by day 5
in oaly the TPN subjects, whereas conceatrations in the tube-
fed subjects on day 5 remained significandy different -
those on day 0 (Figure 1). Glutamate, citrulline, arginine,
aspartate, and alanine conceatrations did not differ signifi-
candy by feeding group.
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g TABLE 3
Experimental design’

‘ Swdy day Procedures Laboratory axulyscsJ
0 Enroliment Venous plasma amino aCidS, protcins, electrolytes
1 Initiate TPN or wbe feeding at25% of estimated
energy needs Venous plasma amino acids. indirect calorimetry, TUN. electrolytes
2 Increase TPN or tube feeding 10 S0% Of estimated
ener gy nceds -
3 Increase TPN or b feeding 10 75% Of estimaied
energy necds Elecuolytes
4 Increase TPN or tube feeding 10 100% Of estimated
energy needs TUN
5 100% TPN o wube feeding Venous plasma amino acids. proteins, electrolytes, indirect calorimetry
7 100% TPN or tube feeding Elecurolytes
9 100% TPN or tube feeding -
10 Completion Venous plasma aMino acids. indirect calorimetry, proteins, electrolytes, TUN

 TPN. 1otal parenteral nutsition: TUN, total urea Nitrogen.
? Proteins measured were albumin, transferrin, and prealbumin: electrolytes measured WeTe sodium, potassium, chloride. bicarbonate, blood urea

nitrogen, creatinine, and glucose.

DISCUSSION

Many researchers have suggested possible benefits of
cither enteral Or parenteral glutamine supplementation in
stressed subjects. These benefits may differ because the
enteral mode of supplementation may be associated with
appreciable first-pass clearance of glutamine by the intestine
and liver (5, 6.9. 19-21). The objective of this research
design was not to show superiority of enteral or parenteral
nutrition, but rather to ideatify differences in the plasma
amino acid profiles that might result from the two modes of
glutamine supplementation.

Dechelotte et a (22) evaluated the absorption @ nd metabolic
effects of enterally administered glutamine using stable-iaotopc
methods in healthy subjects. Plasma glutamine showed a dose-
dependent increase. Byproducts of glutamine metabolism
(plasma alanine, glutamate citrulline, aspartate, and urea) also
increased. On the bask of these results, they concluded that
glutamine iS effectively absorbed by the jejunum.

Dominique et al (23) evaluated glutamine metabolism in
healthy adult men through Usc of stable-isotOpc methods with
isonitrogenous and isoenergetic enteral and parenteral nutri-
tion. They reported o decrease in protein breakdown. with
enteral nutrition and arise in the appearance rate of glutamine
in both groups, which was significant only in the enterally fed
group. In contrast with the findings of the present investigation,

the parenteral regimen provided no glutamine Wheress enteral
feeding contained glutamine in small peptides.

Peterson et a (24) described attenuation of the fall in albu-
min in abdominal trauma patients randomly assignedio enteral
compared with parenteral nutrition that delivered comparable
amounts of nitrogen and energy. It is difficult o relate their
observation to the present study because the enteral and par-
ented feedings were not matched for glutamine, the patient
population was substantially differeat, and the difference in
albumin was significant on day 10.

Pearlstone et al (2S) compared the effects of enteral and
parenteral feeding in malnourished cancer patients. They re-
ported enhanced repletion of essential and total amino acid
concentrations in those subjects receiving parenteral nutrition
compared with those subjects receiving tubefeeding or an oral
diet. Although the enteral and parenteral formulas were de-
signed to be matched for energy, they differed in nitrogen
content, glutamine, and other amino acids. Because the enteral
and parenteral feedings were not matched for these key con-
stituents and were not advanced at the same rate, it was not
possible to compare these observations with those from the

present study.

TABLE § *
Nutrition mcasures on day 47 :
= —————— ]

TABLE 4
Pati $ Ry |
- Tube feeding TPN
Age (v) 6t=4 623
BMI (kg/m®) P92 25919
Diagnosis Gastric or pancreatic Gastric or pancreatic
malignancy malignancy
Surgery Gastric or pancreatic Gastric or pancreatic
 There were no significant differences between groups. TPN, sotal
autrition.
3= SEM

Measure Tube feeding TPN
Glutamine intake (g/24 b) 161215(7) 185 = 03 {10]
Protein intake (g/24 b) TL6:68[7T1  TRT=33[10])
Nitrogea intake (/24 b) 1nNS=L1m 128 = 05[10)
Total urinacy nitrogen (724 b)? 9721616 109=12(9)
Nitrogen balance (g/24 k) 0l1=13{6) -—0£6=1.19)
Energy intake (ki/24 b) M6 VR =160
M d REE (kI/24 h) 8506 = 498(5) 7297 = 586(7)

f% = SEM; a in brackets; there were o significant differcnces betweea

2 Day-1 valoes for the tabe-feoding snd TPN groups, respectively, were
sW:lodmiwyﬁtogu.":”[S]nd’At”gﬂO}:
sivogen balance, ~7.5 = 33 [5] and —8.1 = 29 g [10].

'JUN 19 1998

L0



o e CATRAMNR L e

982 FISH ET AL
TABLE 6 650
Laboratory assessment’ (] Day 5 N
Tube feeding TPN J 600 I . '
Albumin {umol/L) g
Day O 5216+ 435(7] 463.7 :29.0 [IO] 2 550 ¥
Day5 391.2 2435(71  391.2: 29.0 [10] g
Transferrin {(umol/L) b= 500 B
Day O 29.2 = 316) 224> 24 (10) =
Day 5 18.6 2477} 175 = 2.0° {10} ]
Prealbumin (pmol/L) § 450 E
Day O 3.9*0.616] 35%0.5 (10} :
Day 5 17205 7] 22=0.5 {10} £ a00 i
Total lymphocyte count (10%L) g
my o 1.3520.15[6] 13420.23 [9] =1
Day 5 0.897 % 0.23[6] 114=0.18[I0] © 350 :
Cholestero! (mmol/L)
Day O 3820417 $3=0810] 300
Day 5 3220401 4.0=0.5 [10] Tube-fed
X 2SEM. n in brackets. There were no significant diffesences between Figure | . Mean (= SEM) plasma giutamine concentrations on days O,
teament JIOUPS. " 1. and 5 in wbe-fed (n = 7) and TPN (rotal parenteral nutrition}-fed (N =
. 058|gn|f|cantlyduffcrcm fr om day-0 value within teatmest group. P < 10) subjecss. Glotamine did mot differ significantly -betweea feeding
o groups. but concentr ations on day 5 remained significantly different from
day-0 values only in e tube-fed subjects(paired ¢ test, P < 0.05).
Alverdy (26) fed a glutamine-enriched diet to animals and
compared them with animals receiving an identical solution
parenterally. They reported Jess mortality from methotrexate in greatly in the pareateral and enteral formulas; therefore, the
the oral diet group than in the intravenously fed group. There  plasma ratios of these amino acids served 1o easily distinguish
was aso less bacterial translocation to the spleen in the orally the formula received.
fed group than in the intravenously fed group. Although this The Small intestine is the primary site of glutamine uptake
study shows an outcome benefit to intraluminal feeding, it does ~ and metabolism in the body (5). In a stressed state, glutamine
not separate the effects of glutamine from those of other  yptake by the intestine is accelerated. Studiesin dogs have
nutrients. shown that postlaparotomy, glutamine consumption by the
Char study was designed to carefully match enteral and par- intestinal tract is increased by 75% (4). Enterocytes obtain
enteral feeding for energy, nitrogen, and glutamine. Usual glutamine by absorption across the brush border from the
practice iS to begin parenteral nutrition at goal sateswhereas  lumen and also from circulating glutamine. Enterocytes have
enteral feedings are advanced to goa rates Over several days.  high concentrations of glutaminase, which catalyzes the hydro-
We chose to administer TPN at the same advancement sched-  lysis Of glutamine tO glutamate and ammonia. It appear S that
ule as that for enteral feeding so that differences in plasma  enterocytes metabolize glutamine similardy regardless O f
amino acid profiles would not reflect differences in the  whether glutamine enters from the jumen or across the arterial
amounts Of administered nutrition. This design resultedinthe  blood (9). The end products Of glutamine metabolism arc
administration of enteral and parenteral feedings that were ot~ released into portal circulation and extracted or metabolized by
significantly different in amounts of energy, nitrogen, or glu-  the liver before reading systemic simulation (29).
tamine. Both groups achieved zero nitrogen balance by day 4. It seems that enteral glutamine would produce a different
despite manifesting the expected stress response postsurgery.  circulating amino acid profile than would parented glutamine
There was a postoperative decline in plasma proteins, choles-  because of this first-pass metabolism. Only the TPN subjects
terol, asad amino acids but no significant difference between  exhibited atrend favoring restoration of plasma glutamine by
groups. The limitations Of measuring nitrogen balance and ~ day 5. We and other jpyestigators have also observed little
these laboratory indexes at a single afaost-term follow-up in ~ change in plasma glutamine concentrations With the enteral
postoperative subjects must be emphasized because nitrogen  provision Of glutamine at comparable dosing concentrations in
balance and laboratory indexes may also be sensitive to per-  either normal volunteers (11) 4x critically ill patients (13).
turbation by ponnutritional factors Tike fluid status, infection,  Ziegler et al (10) reported a significant riSe in plasma glutamine
and inflammation. Generalized hypoaminoacidemia and re-  with parcateral glutamine administration. Because glutamine
duced glutamine concentrations have beea described afier in-  and products of glutamine metabolism did not differ signifi-
jury in critically ill patients (13, 27). These changes likely ~ candy by feeding group in the present study, these observations
result from the mobilization of body amino acids thatare  will require further investigation
associated with acute injury respoase (19. 28). Our study suggests that carefully matched parenteral and
By day 5 of feeding (both enteral and parenteral), most  enteral supplemeatation will resalt in comparable profiles for
plasma amino acids were restored W bascline values. The most circulating amino acids. The multiple other sites of _
differepces in plasma amino acid concentrations between  tamine metabolism (skeletal muscle, kidney, and brain) must
groups on day 5 reflected differences in their respective for-  also have an influence on plasma amino acids (29). The .
mula compositions. The ratio of valine to leucine differed  position of the formula fed appears to be a key determinant of
s JUN f 01998
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plasma amino acid concentrations. Further studies with long-
term feedings or different glutamine doses may give better
insight into the potential differences between parenteral arrd
enteral supplementaton. It is possible thatthe provision of
parenteral glutamine at 100% of the projected requirement
from she first day would have resulied in higher plasma glu-
tamine concentrations by the fifth day. Although plasma amino
acid concentrations are useful in evaluating glutamine metab-
olism, intracellular glutamine metabolism is also an important
aspect of evaluating the response to glutamine supplementa-
tion. Tissue biopsy, anteriovenous differences across extremi-
ties, and turnover studies were beyond the scope of the present
study, but might serve to better define how glutamine supple-
mentation affects amino acid metabolism and what dose of
glutamine is optimal for patients in stressed states. O

The assistance or Peggy Bomm with the amino acid analyses and Of
Duanc Heydt with the statistical analysesis gratefully acknowledged.
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ABSTRACT

Glutamine (Gtn ) -supplemented perioperative total parenteral nutrition (TPN) has been reported 10 reduce the ioss of
intramuscular glutamine following routine surgery. This aaudy investigates whether glutamine-supplemented TPN an alter
muscle biochemistry acutel y in the very severely ill patient. Thirty-eight padents (age 19-77 yr;mean 55 yr), criticall y
ill (APACHE 11 range 8-31; median 17) admitted to she intensive care unit (ICU) were recruited so receive either
conventiona! TPN (CTPN) or an isonitrogenous, isoenergetic feed supplemented wish 25 g crystalline L-glutamine per 24
h (GTPN} in a prospective, double blind. block-randomized srudy. In a representative sample of these patients, relatives
consented to a paired muscle biopsy taken before feeding (10 GTPN/9 CTPN patients; ICU Day 2-4) and repeated 5
days later (16 patients; ICU Day 7-9). Muscle biopsies and malchmg ptasma samples were analyzed using a coupled
glutaminase-glutamate dechydrogenase enzymatic assay. A correction was made using sodium to account for the massive
changes in extracellular fluid volume. The aver age muscle Gln content before feeding was very few. Between biopsies no
consistent pattern of change was seea with or without exogenous Gin. It also proved difficult in these very sick patients
so correct o low plasma Gla with L-Gin-TPN during the initial phase of the severe illness. TPN supplementation with 25
£/24 h, L-glutamine appears inadequate in the acute period So counteract the muscle and plasma biochemical changes seen

IN these patients. It is unknown whether any larger dose could alter this state. Nutrition 1996; 12316-320

Key words: Glutamine, muscle, parenteral nutrition, critically-iU

_ INTRODUCTION

L-Gl utamine is classified as a nonessential amino acid in
humans bust at the cellular Jevel there is the capacity for
its synthesis. Dietary intake, together with eadogenous produc-
tion, is normally adequate to satisfy requiremeats. It is, how-

eves. a.very-important amino acid because it is the pri
nitrogen donor in DNA synthesis at the cellular level and is
alsoinvolved in interorgan ammonia transport and bicarbonate
geacration in the kidney. Whea metabolic demand for gluta-
mine exceeds available supply,as isthought to occur in eritical
iliness, o mlaumcﬁqcncy results. This may have adverse
uences.! cell subpopulations require glutamine for
otb-norms! mdmmulatedcdldlvmon. eg., g eaterocytes Of
the G tract,? white blood cells,® and ﬁbmbl_ass.‘ Failure of
such cellular populations, as might eccur during substrate defi-
cieacy, might result ine breskdown of gastrointestinal integrity,
impaired immune mponsxvcaes,andﬁdumofwound bdmﬁl

-These are all clinical features seen in the most criticall!

patients who are the subject of this study.

Muscle wasting in the critically ill is a severeclinical prob-
Jem.? Glutamine-enriched total pareateral nutrition (TPN)
when given preemptively has been Shown to result in an im-
provement in muscle biochemistry nfwr amedium intensity
surgical stress (opea cholecystectomy).¢ In contrast, this short
feport examines the effect of L-glutamine-supplemented TPN
0N muscle and plasma glutamine blochemlstry in patients al-
ready very severely ill. This short paper does not report on
other outcome measures that will require a larger cohort of
patieats.

MATERIALS AND METHODS

Glutamine requiremeats in the citically ill are not known.
At the time of study design, no other work in these very seri-
ously ill patients had been published. Normal dietary intake
contains ~4-8 g of L-glutamine, a variable proportion of which
mybeabsotbedbylhegnsuommndm&dyworkby
Furst and colleagues” suggested that afier severe trauma, gluta-
mine demand was markedly increased and suggested (o be in

Conespoodenceto:k.D.Gﬁfﬁths.MD.FRQ.WO(WWW&UV«MPOB«I".MWSBXU&

Nutritioa 12:316-320, 1996
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excess of 20 g/24 h A argeir dose Of 25 gL-glutamine/24 h
was chosen for this study on largely empirical grounds as a
compromise between what might be clinically desirable arrd
pharmaceutically practical. L-glutamine iS absent from commer-
cially available parenteral amino acid solutions duc to perceived
manufacturing and storage difficulties. Following the method of
Hardy. Grimble, and McEliroy, * two TPN all-in-one admixtures
{ glutamine enriched (GTPN) and conventional (CTPN)] were
formulated for central venous administration, resulting in the
administration of 1'5.5 g nitrogen and 2000 nonnitrogen calories
(1:1CHO to fat) per 24-h period. In addition, GTPN resulted
in the administration of 25 g L-glutamine, with correspondingly
less nitrogen from other amino acid sources (Table |). Even
in GTPN the quantities of amino acid were adequate to satisfy
recommended dailly amounts.

This study WSS formally approved by the St Helens &
Knowsley Research Ethics Commitee. After ICU admission
and hemodynamic stabilization, e clinical decision as to the
need for TPN suppont was made by the attending consultants.
Provided exclusion criteria were absent (hepatic failure, noare-
sected malignant disease. pregnancy, or age under 16), the
patient-s relatives were approached for conseat for study inclu-
sion in a two-stage process. Consent was requested first for
studying TPN administration and, second. in those patients
without major disturbance of coagulation or symptomatic
thrombocytopenia, for obtaining paired percutaneous muscle
biopsies of the tibialis anterior muscle. A two-stage consent
was necessary to satisfy ethical considerations in this highly
stressful  situation.

Petients were prospectively randomised using a double
blind, sealed envelope, block-randornization technique. Block
sizes were limited to six patients so that changes in general
ICU the.mpcutic techniques would have equal effect on gluta-
mine and control patients. Baseline plasma and muscle samples
were taken before TPN administration and repeated 5 daya
later. Muscle biopsy of tibialis anterior was performed using
the conchotome® technique and the sample immediately pre-

TABLE L

CONSTITUENTS OF SUPPLEMENTED (GTPN) AND
UNSUPPLEMENTED (CTPN) REGIMES

GIPN (d)  cTeN(m)

2.5% L-glutamine solution
{Sterile supply
pharmacy, Whiston
Hospital) 100D
Eloamin 15 (Leopold
Pharma & Oxford
Nutrition UK) 500
Eloamin 10 (Leopold
Pharma & Oxford
Nutrition UK) 1000
Sterile  water 300
Glucose 50% (Baxter) 500
Glucose 20% (Galen) 500
Elolipid 20%
(Leopold Pharma &
Oxford Nutrition UK) 500

Each 24-h regime contains 3.1 L fluid, 15.5 g nitrogen, 2000 Keal
(1:1 CHO:far). Electrolytes and trace minerals added as required.
GTPN 20d CTPN = L-glutamine-supplemented and conventional
total parenteral autrition, respectively.

served in liquid nitrogen peading assay. The mu. uscle samplc
was powder homogenized and an acid extract made using 2'%
perchloric acid and assayed for glutamine and glutamic acid
using a coupled glutaminase-glutamate dehydrogenase assay.’0
Previous work within our deparument clcarly showed detectable
changes in muscle histology and biochemistry in this patient
population over this short time period.' ' A longer interval
was not selected so as 10 limit the influence of secondary clini-
cal events, not primarily related o TPN administration.

In preparation for thiswork, the enzymaticgluamine-gluta-
mate assay Was optimized for the expecied substrate concentra-
tions in human muscle tissue baud on results in the literature
and our own preliminary work. All assays were performed in
duplicate, together with known standard concentrations of both
substances being assayed. These standards indicated a mean
recovery Of L-glutamine of 82.7: 9.8% (SD) and Of r-glutamic
e cid of 86.2 * 10.6% (SD). Statistically. the recovery fraction
shows a normal distribution for bosh assays and duct not show
any drift over time. These results are in accordance with others
who have used this assay technique.® Results presented in this
paper have been corrected for variability revealed by standard
assay.

Sodium content of the acid €Xtract was assayed USINg a
model 5000 Atomic Absorption spectrophotometer with air/
acetylene flame (Perkin-Elmer, Beaconsfield, Bucks, UK) and
used to correct assay results for changes in extracellular fluid
volume using the method of Jackson. ” Plasma samples were
“*snap from” in liquid nitrogen and deproteinized using per-
chloric acid before enzymatic assay.

Statistical comparisons were made Using ¢ test and Mann-
Whitney U&at as appropriate (ARCUS PRO-STAT V3.0, Iain
E. Buchan, University of Liverpool ). Serial measurements were
analyzed according to Matthews." Measurements for each pa-
tient were mmmmmmmd by a descriptive statistic (€.g- slope of
measuremeat versus time). Sumrary values were then.com-
pared between groups using either parametric or nonparametric
infereatial statistics as appropriate. Results am indicated 8s
mean Or median +95% confidence intervals.

RESULTS

Thirty-eight patients, age range 19-77 yr (mean 55 yr),
fulfilled the Study entry criteria, and consent \Waa obtained.
Diagnoses included perforated abdominal viscus, acute pancre-
atitis, blunt trauma, burns, et¢. Although individual diagnoses
may vary (Table U), all patients exhibited somedegree of the
systemic inflammatory response syndrome (SIRS )* and so can
be considered to exhibit similarities with regard to their meta-
bolic response. Illness severity according to the APACHE II
sco  was similar between  tamine and control groups, indi
cating a successful randomization process (overall median
APACHE 1 17, range 8-31). TPN was commenced typicaly
3 days after ICU admission (median 3 days, interquartile range
2—4 days). There was no significant difference in duration of
pre-TPN ICU stay between coatro! and study groups.

Befote'l‘PNndminisu-uion.glunminclcvdsmmnxkedly

in both plasma (~54% of mormal) and muscle
(-19% of normal" Table II). Glutamate kevels were dramati-
cally elevated in plasms (335%). Extracellular fluid volume
expressed as a perceatage by waghlofthcmusdeblopsyspea
mumS%(%*S%d).wggemngama:kedmaux
from normal values of ~20% " during the initial few days of
critical illness.

No consistent chanees in plasma glutamine levels were seea
in the interval betweea biopsies (or equivalent timespan |1 the
nonbiopsied natieats). AD increase in plasma glutamic acid
levels was seen in both GTPN and CTPN patieats, the magni-
tude of which was not significant petween groups (Table IV)
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TABLE 11

DIAGNOSES PRECIPITATING 1CUADMISSION

Glutamine Patient Diagnosis 13X APC Conirot Paticat Diagnosis B APC
Smoke Inhalation, pneumonius 1 Asthma, COAD 2
ARDS. pacumoniz Yes 8 Resp. failure, MOF 5
Septicaemia, ARF Yes 23 Cardiac arrest, MOF 18
Septicaemia, MOF Yes 23 Sepsis. ruptured bladder 23
Septic shock, MOF 23 Septicacmia, pyelonephritis Yes 23
Seplicacmia, heart failure 23 Sepsis. peritonitis, ARF Yes 23
Septicacmia, pancreauc abscess 23 Peritonitis, perforaied colon 23
Cholangius, ARF 23 RTA multipleinjury Yes 2s
Scpticaemia, perforated colon Yes 23 RTA, multipleiajury 25
Bums 40% 24 Ca oesophagus resection 36
Fall, skull, vertebral & rib fractures 25 Perforated GU, MOF 37
RTA. lungeontusion Yes 25 Bowel obstruction, resection Yes 37
Head injury. lung contusion Yes 25 Recual perforation, MOF Yes 37
Status epilepsy. alcohol. pneumonia Yes 32 Perforated GU Yes 37
Seizure. retained products of conception “Yes 32 Perforated colon 37
Peritonitis 37 Bowel obstruction, resection Yes 37
Diaphragmatic hernia, head
Perforated colon Yes 37 injury 50
Pancreatitis, ARF Yes 53 Pancreatitis 53
Pancreatitis Yes 53
Mu acidosis, pneumonia ARF Yes 55

ICU = intensive care Unit Bx = patients Who consented t0 have muscle biopsies; APC = Apache || diagnostic code; COAD . chranic

A,

ltiple organ failure; ARF = acute renal failure; RTA =

. MOF =

obstructive airway disease; ARDS = acute respiratory di sy
mad traffic accident; GU = gastric ylcer.

but was significantly different t0 zero, indicating ageneralized
increase in plasma glutamic acid levels regardless of the type
of nutritional supplementation.

* Muscle glutamine levels did not Show a consistent

of change with either nutritional regime, although individual
patients did show significant gains and losses (Fig. 1). ‘Simi-
larly, no significant treads for muscle glutamic acid or the
proportion of the muscle samples takee up DY extracellular fluid
were detected over She timespan under study.

DISCUSS10N

If the supply of glutamine in the diet iS reduced, and the
demand the same Or increased, risen the tody smust look for

TABLEIII.

alternative sources. The two available options are either an
increase in synthesis, or mobilization of stored amino acid. L-
Glutamine is synthesized de 00V0 in humans within skejetal
muscle, the liver, snd the pulmonary tree. The |UNQS are able
S0 inca-case Synthesis during episodes of surgical stress’ and
subsequent sepsis.' However, pulmonary glutamine flux has
not beea evaluated in septic patients where that is evidence
of pneumonia, ARDS, a other dysfunction. Similarly, whereas
Liver glutamine synthesis is increased during acidosis,® this
is as a result of increased ammonia production snd forms a
scavenging pathway, as route to the kidney what the ammonia
isexcreted. A consisteat finding in all studies Of interorgan
glutamine flux is a marked increase in glutamine release from

TABLEIV.

PLASMA AND MUSCLE GLUTAMINE AND GLUTAMATE
LEVELS BEFORE TPN ADMINISTRATION

. Comparison With
Prefeeding Values  Nocmal Values
(wean = 95% Q) (%)
Plasma glutamine
. mmol-L™* 0.343 = 0082 54
Plasma glutamate
mmol . L™ 0.077 = 0.020 S35
Muscle glutamine : -
{mmol-kg™ wet weight) ©  3.076 = 0.886 19

Normal glutamine: plasma 0.637 mmol L™%; and muscle 16.5 smol
kg™" wet weight™; normal glotamate: plasma 0.023 mmol L™,

CHANGES IN PLASMA AND MUSCLE GLUTAMINE AND
GLUTAMIC ACID LEVELS DURING THE FIRST
SDAYSOF TPN

GITPN  CIPN

Plasma glutamine changes  +0.038 = 0077  —0.005 = 0.026
Plasma glutamic acid changes +0.016 30.012t +0.012= 0.008¢
Muscle glutamine change 4 20552 4+0.046 = 0443
Muscle glutamic acid change +0017& 0284 40.100 = 0.14S
BCF changes +02228 40118

Results expressed &5 mean = $5% CT of the trend in level! for each
paticnt expressed as mmol - day™ (plasma), mmol -kg ~*-day™*
(muscle) or ®d™.

1 Significantly different from zero (p < 0.05).

.
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FIG. 1. Muscie glutamine befor e. after, and five days rotal parenteral
nutrition{TPN) e dministration

the skeletal muscle where it is she most abundant free amino
acid. Muscle intracellular glutamine levels arc known to fall
during surgical stress, and this may have a direct influence on
muscle protein synthesis.”

Plasma and muscle glutamine |evels were very low before the
instigation of TPN on Day 3 of she patients’ iliness. n-is suggests
that the balance of glutamine supply arrd demand at this point has
already been exceeded and the maximal rate of production or
release Of muscle glutamine Wiu already be taking place. In
healthy volunteess, infusion of the stress hormones adrenaline,
glucagon, and cortisol increases limb amino acid efflux and re-

duces markers Of protein synthesis.® The primary trigger for this .

response tnay be an increase in circulating glucocord coid levels,
which can produce a similar effect™ Exogenous administration
Of 25 g/day Of L-glutamine in this situation appears 1o be unable
o turp around the changes that have already taken place. It is
unknown whether commencing treatment carrier or giving larger
doses would alter this -

Plasma glutamine |evels, although Oct a reflection of body
stores, do give some indication Of the state Of whole bOdy meta-
bolic flux. Plasma levels, low u d-se Start of nutritional supplemen-
tation, remnain Jow, despite a large proportion of all amino acids
being supplied as glutamine. This suggests either Supply (endoge-

nous production plus cxogenous administration ) never caiches Up
with demand or that an unknown control pracess favors alower
plasma glutami ne concentration. Muscle gluiami ne levels show
a similar pattern indicating thin. although massive quantues Of
glutamine as-C released by skeletal muscle each day, body con-
sumption is greater by orders of magnitude Unlike the normal
surgical situation in which there is ametabolic response 1o a single
Stress-'lhe operation’ -in these very scverely ill patents, rhe
suress “‘trigger.’ is ongoing with repeated episodes of systemic
inflammation, pain, and tissue zauma. N'hole body glulamine
consumption might increase in a supply -dependent manner as
mom glutamine iS made available so more is used for issue repair
and immune function. This study has shown amarked increase
in ECF volume within the muscle studied and is consistent with
previous observations. No significant changes were observed dur-
ing the period of this study. It has recenly been argued™ that
changesin cellular hydration state might be the mechanism
whereby intracellular muscle glutamine Jevels arc contolled. if
this were the case, then it might not prove possible to charge
muscle intacellular glutamine levels by nutritional manipulation
alone during this severely ill period.

The finding of an elevation in plasma glutamate has been noted
in septic surgical patients, although rsot commented on as a specific
finding. Plumley aal. (Table |1)” noted a174% increase in
anerial glutamate levelsin patients without underlying lung dam-
age, during early stages of systemic sepsis. They aso found a
small, statistically nonsignificant ‘h—ease in levels in patients with
uncomplicated surgical stress. Plasma glutamate levels might be
assindirect reflection of flux through the glutamine-glutamic acid
metabolic pathway, a high level indicating high levels of glutamine
utilization. Such ahypothesis would bc consistent with the finding
of increasing levels postsurgery, sepsis and in the critically ill with
systemic inflammatory respoase syndrome. This may be relevant
tothcadrmmsu-anm:fgiummncaud.mch forms part of the
amino acid mixture in most commercially available formulations.

Changes in muscle may not be the most important effect of
glutamine supplementation. Exogenous glutamine administration
may have a significant impact in those tissues where it is an
essential substrate, e.g., the GI tract and liver, fibroblasts, and in
particular the immune System, while the musculoskeletal system
sakes on the mole of a storage organ consumed in times of need
and replenished int times of p l:iy Although there are 8 number
of encouraging clinical studics, there remains a need for studies
in the very severely ill to confirm a positive efficacy and influence
on outcome.
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The Effects of Glutamine-Supplemented Parenteral Nutrition in
Premature Infants
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From the *Laboratory for Surgical Metabolism and Nutrition, i Neonatal In tensive Care Unit, $Research Pharmacy and §Nutrition Support service,
Bighorn and Women s Hospital, Boston

ABSTRACT. Background: ‘Glutamine (GIN) isthe primary fuel

for rapidly dividing cells, yet it is not a constituent of parenteral
nutritional formulas administered to newborns The aims of this
prospective, randomized, double-blind trial were (1) to confirm

the safety of glutamine supplementation for premature infants
and (2) to examine the effects of glutamine-supplemented

parenteral nutrition on length of stay, days on total parented
nutrition (TPN), days on the ventilator, and other clinical out-
comes. Methods: Premature infants received either standard or
glutamine-supplemented TPN and were monitored throughout
length of stay for various health and biochemical indices. The
group was examined as a whole (n= 44; birth weight range 530
to 1250 g) and in two weight subgroups, <800 and =800 g. Re-
sudts: Serum ammonia, blood urea nitrogen, and glutamate tended

to be higher in the GLN groups, but the levels were well within
normal limits. In the <800-g cohort (n = 24), glutamine-supple-
mented infants required fewer days on TPN (13 »s 21 days, # =
.02), had a shorter length of time to full feeds (8 us 14 days, p =
.03), and needed less time on the ventilator (38 us 47 days, p =
.04). There was a tendency toward a shorter length of stay in the
NICU (73 s 90 days, NS). These findings were not observed in
the infants=800 g (n = 20). Conclusions: Glutamine appears to be
safe for use in premature infants and seems to be conditionally
essential in premature infants with extremely low birth weights.
Larger multicenter trials are needed to confirm these observer
tions and further evaluate the efficacy of GLN in these high-risk
premature infants (Journal of Parenteral and Enteral Nutrition
20:74-80, 1990)

The premature infant is extremely vulnerable to insuffi-
aent nutrient intake and specific nutrient deficiencies. In
utero, tinder optimal conditions, its nutrient supply isidea
and constant. After delivery, the infant is faced with the
more hostile ex utero surroundings where the food supply
may be intermittent inadequate, or imperfect. Unlike the
adult, the premature infant has limited nutrient storesto
meet metabolic requirements during short-term fasts.’
Even when nutrients are provided enterally or intrave-
nously, the immature intestinal tract and liver may not al-
ways optimize absorption and metabolism of such
feedings. Unfortunately, other priorities of medical care
often prechtde optimal nutrient delivery, contributing to
additional nutritional risk

The amino acid glutamine (GLN) is the most abundant
amino add in muscle and plasma of adult humans;? it is
important for cell growth and synthesis and Is an essen-
tial nutrient for thereplication of cells in tissue culture.™
In addition, GLN is an important fuel source for lympho-
cytes,™ macrophages,’ and enterocytes;™ this amino acid
dso plays a key role in acid-base homeostasis™! and
serves as a necessary precursor for the major intracellu-
lar antioxidant glutathione B

Traditionally, GLN was thought to be "nonessential” and
was not included in IV amino acid mixtures because of its
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relative instability in solution. However, after usual guide-
lines for preparation of IV nutrient solutions, GLN has been
shown to be stable,'®* and a variety of human'*and ani-
maf studies™M* haye demonstrated an improved out-
come when GLN was added to parenteral nutrition
GLN supplementation maybe of particular benefit to
preterm infants receiving |V feedings. First, infants are
growing, and GLN is one of the Primary nutrients ghat pro-
vides purine and pyridine precursors for cell replication.
Second, GLN is needed for maturation of the intestinal tr act
and may aid in prevention of enterocolitis.®* Lastly, GLN
enhances growth, development and function of the immu-
nologic system’ and thus should be of benefit to the pre-
mature infant who is vulnerable to infections This study
reports our preliminary safety and efficacy findinga of t-

.GLN-supplemented parenteral nutrient solutions used in

a neonatal intensive care unit (NICU).

MATERIALS AND METHODS |

The study was approved by the Committee for the Protection of
Human Subjects from Research Risks, Brigham and Women's Hospital
(BWH). An eligible infant's attending physician gave permission for
the fnvestigators to discuss the study with the parents. Informed con-
sent was obtained for each infant. :

Entry Criteria

Study subjects were selected from among premature infants in the
NICU who were less than 4 days old and who had been recelving total
parenteral nutrition (TPN) for less than 8 days. Included in the study
wrere infants who were determined to be at high risk of necrotizing
enterocolitis (NEC) scconding to previously established criteria.®™ In-
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fants were included if they met a1 least six of the following eriteria:
birth weight < 1500 g; gestational age < 32 weeks; 5-minute Apgar score
< 6, need for >21% oxygen; need for ventilatory assistance; [ow blood
pressurefor age;suspectedintraventricular hemorrhage; the presence
of seizures; Lhe presence of patent ductus arteriosus; the presence of
umbilical, arterial and venous catheters; and birth weight .1000 g (giv-
ing special consideration to the exiremely .Jow-birth-weight infant).
Infants were excluded from the study for severe central nervous sys-
tem damage incompatiblewith a prolonged life, renal failur elimiting
protein intake, and inbor n errors of metabolism or liver disease pre-
venting the delivery of appropriate nutrient requirements.

Study Design

The major aims of this study were (1) to teat whether GLN was weft
tolerated in this population of prematureinfants and2) o investigate
the potential benefits of GL N-supplemented TPN for these infants us-
ing a variety of clinical indicators, including length of stay (LOS), days
on TPN, ventilator use,and incidence of infectious episodes

Because of safety concern, this study was initiated as an open-la-
beltrial. After theinitial four patientsreceived glutamine, infants were
then randomized by balancedassignment into control and treatment
groups, and the study was btiided so that none of the investigators,
nursing staff, or dietitians knew which solution the infants were re-
ceiving. The onfy person awar e of the assignments was the resear ch
pharmacist, who kept the code sealed until the time of dats analysis.
Infants who met the entry criteria were randomized by gestational ages
(. or = 32 weeks), high-risk NEC score, and multiple births (in the
event of twins, siblings wer e assigned to opposite groups). The treat-
ment consisted of addition of GLN to the TPN solution. GLN wasini-
tially addedat 15% weight per volume ofthe amino o cid mix (n = 4),
increased to 20% (n . 15) and later increased to 25% (n = 3). Both the
control and GLN diets wer eisocaloric and isonitrogenous (Table |).

General Procedures

The clinical care, including nutrition support, of the infants was
managed by the staff of the NICU, which followed generally accepted
protocols. After initial blood cultures, all of theinfants r eceived antibiot-
ictherapy for at least the first 3 days of life. Follow-up blood cultures
wer e obtained when clinically indicated to e vafuate bacteremia. In-
fants were weighed daUy on e standard infant gram scale uniess pre-
eluded by the patient’s condition {eg, if the infant wer e on a high-fre-
quency ventilator). Routine blood was drown daily during the Enitial
course and subsequently twice & week or more often If medically indi-
cared to monitor ® lectrolytes, blood gases, complete blood count, and
indices of renal function. For the present study, 1 mL of blood was
drawn befor ethe initiation of the studyinfusion and oncea week there-
after to monitor amino acid and ammonia concentrations; this was
conditional on the other requirements for obtaining blood samples
Therefore, not all infants wer e measured for all variables. fn themajor-
ity of infants, blood for the reported GLN assay was drawn at the end
of thefirst week of TPN (approximately day 7).

Plasma levels Of glutamine and glutamate were determinedona
protein-free filtrate by an enzymatic spectrofiuorometric method ™
Plasma ammonia was measured by an enzymatic method (Sigma Kit
170-B, St Louis, MO).¥ Standard clinical laboratory methods were used
for the assassment of hematocrit, brood urea nitrogen (BUN), white
blood eell count (WBC), and bicarbonate (derived from bland (2O,
measurement);® standard microbiological techniques were
to determine presence of positive blood cultures.

Standard Therapy

Blood transfusions were generally sdministered to maintain hemat-
ocrit > 0.30 (30%) volume %, and > 0.40 (40%) if an Infant required axy-
4 days as tolerated. Protein and lipids were fncressed by 0.5 to 1.0 g/kg
wae darr and dewvtessas eves aduvannad ta
i v o 10K destiose vis panphera) Tefsions o conceaaatod der.
trose solution was infused by a central catheter. Nasogastric feedings
were Initizted once patients no Jonger required umbflical arterial ac-
cess and demonsirated metabolic, respirstory, and gastrointestinal ste-

bility.

Enteral feedings were advanced gradually in strength (from %
strength to full strength) and then by increasing volume in the sbsence
of gastric residuals, heme-positive stools, and significant respiratory
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TABLE 1
Combosition of solutions

Standard solution
{Aminosyn PF; 7% solution)

Study solution (Aminosyn
PF + glutamine; 7%

(mg/100 mL) solution) tmg/100 ml.)

Lysine 475 30
Leucine 631 665
Phenylalanine 300 240
Valine 452 262
Isoleucine 634 427
Methisnine 125 100
Threonine ?S(S) ?-88
Tryptophan

Alr:’r}:in‘: 490 a92
Arginine 861 669
Glycine 270 216
Histidine 220 176
Proline 570 4s6
Glutamate 576 4s1
Serine 347 278
Aspartate 370 296
Ty'rosine 4“4 as
Taurine 50 34
Glutamine 0 1400

o 20% glutamine solution.

or metabolic decompensation. Advancement to full enteral nutrition
generally required 7 to 14 days. Breast milk or infant formulas (includ-
ing Similac Special Care[Ross Laboratories, Columbus, OH] and
Enfamil Premature Formula. {Mead Johnson, Evansville, IN]) wer e used.
Parenteral nutrition was discontinued when fluid needs were met by
the enteral route or when parented fluids ran below 1.5 mL/h.

Thistherapy was continued on thebasis of theelinical status of the
infant or the presence of positive blood cultures. Infants wer e dis-
charged from the NICU when they wer e approximately 35 weeks
gestational age, had e chieved cardiovascular stability and
thermoregulation, were able to take all focal erally, and had consistent
weight gain. Infants wer e either transferred home or to level | or I
nur series befor e discharge and wer e followed t0 discharge there.

Endpoints

Primary endpointsinciuded time to full enteral feeds, days on TPN,
ventilator days throughout BWH length of stay (LOS), and weight gain
per day (averaged acrossdays at BWH). Secondary endpoints included
plasma GLN levels (umol/L), BUN and incidence Of elevated BUN (>
8.9 mmolL {> 25 mg/dL]), the frequency of 2 low WBC (<5 X 10" cells/
L) throughout LOS at BWH, frequency of positive blood cultures, LOS
at BWH (equivalent to LOS in the NICU at BWH), and total LOS, (which
included LOS at BWH plus the number of days [if any] at the transfer
hospital).

Statistical Analyses

Infants entered Into the study were excluded from analysis for the
following reasons: (1) the study solution was not given for at Jeast 7
continuous days; (2) less than L5 g amino acids/kg per day was given
during the period of IV feedings (averaged over the total days of TPN);
(3) the infant developed sepsis or other serlous fliness that predxded
IV feedings or altered normal transition to enteral feeding; (4) the in-
fant developed conditions (including NEC) necessitating surgery, or
(5) the infant died during the course of the study. Exclusion criterla
were developed a priori. Dietary Intakes were analyzed using Neonova

Nutrition Optimizer, version 8 (Ross Laboratories, 1990). Data were
padags(STATTvedo)l.ﬂ.OS[sm

No clear dose-response effects in mean plasma glutzmine concen-
tration at the three different GLN doses were observed, except that the
20% dose was significantly different from zero (Figure 1). Mean group
differences were examined by parametric (Student's £ test) and
nonparametric (Krusiall-Wallis) tests, depending upon the normality
of thelr distribution (Lilliefors” test for normality). Data were analyzed
using Cox regression analysis to assess any Interaction between trest-
ment group and potential confounding varlables, in particular birth
weight Because of a significant interaction between treatment and birth
wreight (see Results and Discussion section), outcomes for two birth
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Fic. 1. Plasma GL N concentration generally increased as the percentage
of amino acids given as glutamine increased. The 20% doseis signifi-
cantly different from the O dose, by ANOVA (1.5D). The actual quantity
of glutzmine administered to each infant depended on infusion rate of
the nutrient solution and the individual body weight of the infant.

weight subgroups (<« SW and & S00 g) were ® xamined within each
group. Analysis of covariance was employed tocontrol for birth weight
class. Fisher's exact test was used to test becween-group differences
in frequencies of abnor mal laboratory values. Potential outliers in the
data set were examined by analyzing residuals (differences between
observed and predicted values of dependent variable} Cook’s distance,
& measure of the degree to which the estimated coeflicient would
change if the sample wer e deleted, was employed to detect any obser -
vations with an unusually large measure of influence Leverage was
also used to examine the “extremeness” of observations.® Dats are
reported asmeans = SD.

RESULTS
Group as a Whole

Between May 1990 and August 1992, 78 infants were
enrolled; 33 of these were subsequently excluded for the
following reasons: 16(8 controls and 8 treatment group)
had insufficient time on TPN; 4 (3 controls and 1 treat-
rnent group) developed serious conditions that prevented
study participation because of SUIgery or transfer; 4 (2
controls and 2 treatment group) developed NBC, which
precluded enteral feedings 9 (4 controls and S treatment
group) died from complications relating to the underlying
condition One, a statistical outlier (for two dependent
varishlac TNS at RWH and TPN davs) was excluded.
infant had a birth weight of 1470 g, APGAR of 4 and 1)3_

day length of stay. (Tests were done with and without this
individual and exclusion of this Ol on had no effect
on the significance 0Of the data or conclusions) The final
sample size of the population was 44 (19 males, 25

females). There were no basdline di between the
santml and treatment groups Maple II) nor een the
males and the females, nor in the pumber of infants with
central s peripheral Knee (data not shown).

Since no differ ences in mean plasma glutamine concen-
tration wer e seen among the three GLN doses (Figure 1),
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the results were pooled.As shown in Table I, the GLN
group’ had nigher mean plasma GLN levels (439 15295
pmolL, p = .04[normal range of plasma GLN in I-month-
old breast-fed neonates: 142 to S50 wmol/L*' 1). In addition,
plasma glutamate levels tended to be higher in the GLN-
supplemented group (188 us 152 pmoV/L, p = .07 [normal
plasma levels of glutamate in I-month-old breast-fed neo-
nates: 24 t0 243 pmoVL"}), but there were no significant
differences between serum bicarbonate or glutamate-glu-
tanine ratios. There was a trend toward higher plasma
ammonia levelsin the GLN group, but this difference was
not statistically significant (5 us 4 pmoVL, {0.9 us 0.7 pg/
mL] p =.16; the normal range of ammonia in 0- to 2-week-
old infantsis 5.6 to 9.2 pmol/L [0.96 to 1.57 ug/mL}%).

The GLN-supplemented group had a higher proportion
of infants with at least one case of high BUN (12/17 vs 5/
17, p= .04) during the study when compared with con-
trols. Mean BUN during TPN (averaged over days of TPN)
also tended to be higher in the GLN group (7.8 [range: 2.9
t0 11.4 mmal/L} us 6.4 mmoV/L (range: 1.4 to 18.6 mmol/L],
NS), though the means of both groups were within the
normal range, which for premature infantsis 1.1 to 8.9
muol/L (3 to 25 mg/dL) . Total calorie and protein intakes
were significantly higher only for week 1 in the control
group (323 us 294 kVkg per day [77 us 70 keaVkg per day],
$=.05;2.1es 1.9 g protein/kg per day, p =.03). Low white
cell counts were seen in fewer infants who received GLN-
supplemented TPN compared with controls (2722 us 7/22,
# = .13) (Table ) (mean values: GLN s control: 20.1 vs
21.7 X 10° cells/L, NS). The number of red blood cell trans-
fusions and average lymphocvte counts did not differ be-
tween groups. There were no other statistically significant
differences between the groups.

Two Weight Classes

Life-table analysis (Kaplan-Meier) revealed that at vary-
ing le: of stay (BWH), the treatment had varying ef-
fects (F3g. 2). Cox regression demonstrated a significant
interaction between birth weight and treatment in deter-
mining LOS. Because of this, we examined the effect of
GLN, controlling for birth weight groups, < 800 and = 800
g, as this was the general midpoint of the group (Table

The four weight subgroups were similar at baseline,

~vnnnt #hnt in +lhn P CAN A traatment aroun the Oﬁw of
subjects tended to be male (7 152, p = .09), twrol‘fﬂ' whom

were triplets. Each of the other three subgroups had nearly
twice as many females as males. However, there were no
outcome differences between sexes in the group as a

whole, excenr fOr atrend towar d greater weight gain per
day in males (16.4 os 13.9 g/d, p = .09).

The = 800g Cohort

In the = 800-g cohort, there were no statistically signifi-
cant differences in plasma GLN, glutamate, or BUN (Table
IV). During TPN (but not fo%&nwm, the GLN-
supplemented group had more with positive blood
cultures (G o5 0, # = .01) and a higher percentage of post-

ﬁveg;lunaunerweighﬁngby&xenmnberofaﬂmdms
e . _ NN Tenmanw -‘5‘\1..1@ u-en
nwlned«f;»r ’ﬁ;'s}st BWH, the differences wetxh;isx\o 1o o

statistically significant (Table IV). Among infants = 500'g
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with positive cultures, there was no difference in the num-
ber with central vs peripheral lines. Finally, males in this
cohort had a significantly greater average weight gain than
females (17.3 vs 12.3 g/d, p = .05). They also tended to gain
more weight than males in the < 800-g group (17.3 us 15.2
g/d, NS).

The c 800-g Cohort

Serum GLN was higher in the GLN-supplemented group
(400 »s 225 pmol/L, p = .05), but there were no differences
between the treatment and control groups in serum
glutamate or ammonia (Table 1V). The frequency of -
evated BUN levels was higher during TPN, but the differ-
ence was not statistically significant The GLN-supple-
mented group had fewer days on TPN (13vs 21 days, P =
.02) and correspondingly shorter time to full feeds from
the start of enteral feeding (8 us 14 days,p = .03), and spent
less time on ventilator (38 vs 47 days, $ =.04). During the

GLUTAMINE-SUPPLEMENTED INFANTS e

third week of TPN, the GLN-supplemented grounhad a
significantly higher lymphocyte count vs controls (2.9 ts

15.8, p =.04). Length of stay was also shorter it the gypple-
mented group (73 #s 90 days), although this difference did
not reach statistical significance.

OISCUSS10N

Inutero, the fetus derives a large amount of GLN from
the placenta and from amniotic fluid, the latter of whichis
thought to contribute up to one fifth of-the total protein
load. After birth, the amino acids in greatest concentra-
tionsin mother’smilk are glutamine, glutamate, and tau-
rine.* Studies in fetal sheep have revealed that glutamine
is ‘quantitatively the mgjor transported gluconeogenic
amino acid™® and our rates of delivery are below the rates
of transfer measured in these studies. Therefore, it isonly
in the artificial setting of a hospital when the baby takes
nothing by mouth that GLN is withdrawn from the infant
because it is not provided in standard TPN or in usua in-
fant formulas. We therefore started our dose-response

TaLE 1T study providing a solution that contained 15% of amino
Craracteristics of study groups _ &cids as glutamine, and with no evidence of short-term
Control GLN* _ toxicity we increased the dose to 20%. A small number of
n ht (@ 600222165 811222175 infants were studied at the 25% level, but no clear advan-
Birth weight (g
Gestational age (weeka) 261 %22 tages were observed.
A (5-minute) 62215 422, .
ngg?lf/laclg)re i 7/15 12710  Safety of GLN Administration
IEJ}E{}',,a/g.e,(dayS) 4'1;133 3'75201'8 GLN appeared to be well tolerated in this study popula-
Birth number 12+04 14+07 tions, as indicated by the Wi@hin-normal levels of pI asma
# single births 15/22 16/22 ammonia and glutamate and improved GLN levelsin both
# twins 5722 4122 weight classes. Among infants = 800 g, the plasma
D.;itvr;ple(txsmc) o122 2 glutamate levelswere higher in the GLN group, but these
Baseline differences were also seen in this group at baseline (Table
Plasma glutamine {umol/L) 363*139 334 2169 IV). In the< 800-g group, plasma glutamate Was slightly
Plasma glutamate (umol/L) 1592132 18; x %10 higher (177 vs 142 pmoV/L, NS), but not significantly. More-
E'S‘f\'l“{" A& {umel/L) crie, 1004 OVer, theinfants showed no developmental disorders to
L L= = indicate any neurotoxic effects of GLN or glutamate. These
No differences between groups findings are similarto those of a GLN dose-response study
Tasre I ’
Qlinical outcomes of two groups
Coentral Glutamine »
n 22 22 NS
Ventilator days (LOS) 85+23 81 +17 NS
Length of stay: BWH 74 = 30 e+ NS
Length of stay: total 92 £ 25 88221 NS
TPN days 1610 1426 NS
Day of 1st enters! feeds 65+66 56+3.1 NS
Time to full feeds (from 1st day of entera! feeding) 10.7=74 83250 NS
Frequency of Jow WBC count (no. of patients, TPN) 6/22 222 NS
Frequency of low WBC counts, (no. of patients, LOS) 7122 8/35 NS
WBC level, (TPN) (10° celis/L) 207112 201121 NS
Frequency of high WBC count (no. of patients, TPN) 14/22 ‘ g‘s
Plasma glutamine (umol/L) . 295 = 125 439 = 221 o
Plasma glutamate (amol/L) 152= 44 188 = 50 e
Plasms ammonia (pmol/L) 4=1 §=2 =
BUN (mmol/L) (during TPN) G442 8224
High BUN (no. of patieats, TPN) 8717 . 12117 )‘?‘S
Weight gain per day (kg) 1505 15025 b
Frequency of positive caltures (0. of patieats, TPN) . 722 e

8721
!M of m‘ﬁw cultures (no. of w 1LOS) 1/21* 9/22
‘The only difference between males and females was that on average, mdu_l:'adhighuweightgﬁnpudu(l&(nw.}-

females). TPN refers to the time period Gn days)
*n = 2] as 1 infant had no cultures tested.

during which TPN was administered
stay at BWH (except for total, which indudes time spent in a transfer hospital whenever

in the BWH NICU; LOS refers to the total length of
applicable).
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P. 2 The per centage of infants hospitalized over rimefor infantsin the
control (n = 22) os GLN-treated Fn =22) groups. At earlier weeks of hos-
pitat Stay, thepercentage of infantsin rheNICU was approximately the
same for both groups. However, at later weeks, mor e control infants
remained in theNICU; at 80 days, eg, < 25% of the infants in the GLN-
supplemented group remained hospitalized, compared with > 40% of the
control infants. Cox promotional hazard regression r evested that length
of sray was determined by a significantinteraction between birth weight
and the treatment received (p < .03). Therefore, subgroups of twobirth
weight cohorts (<800 and z 800 g) wer e created to control for the ef-
fects of birth weight On this response.
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in healthy adults® where increasing loads of GLN did not
result in clinical toxicity or abnormal glutamate levels, but
there was a nonsignificant increase in glutamate in pro-
portion to the GLN dose.

There was, however, a greater number of GLN-supple-
mented infants with at least one episode of high (> 8.9
ramol/L) BUN during TPN in both weight classes (Table
IV), although this difference was not significant Because
of the slight elevation in BUN of the GLN-supplemented
group that was observed as the GLN dose was increased,
the 20% GLN supplementation appears to be appropri-
ate. We further analyzed the total nitrogen intake and
N-kilocalorie ratios of the two groups in each weight
class. There were no significant differences in these
indices either by week (week I through 4 of TPN) or
averaged over the days of TPN (data not shown). In the
2800-g infants, the only differences seen were in week
1 for total nitrogen (controls: 0.372 #kg per day vs GLN-
supplemented 0.804 g/kg per day, # <.02), and this re-
flected a higher overall intake of total protein for week 1.
There were no significant differences in N-kcal ratiosin
either weight class.

Efficacy of GLN Administration
Among subjects= 800 g, a greater number of GLN-

TasLE IV
Two wright dasses
<B00g . =800g
c GLN » c GLN ?
n 11 13 1l »
Birth weight (g) 684 = 62 691+ 76 NS 917 * 134 985 =119 NS
Gestational age (weeks) 251 =19 255=>14 NS 26621 27.0=L0 NS
Apgar score (5-minute) S8=214 5.7x21 NS 6.6=L6 7.3*L2 NS
Sex (M/F) 3/8 §/8 NS 477 72 09
Entry age (days) 42= 42 38=x09 3.720.7 4.02 LO NS
IVH (+/-) 3/8 1/12 NS 0/11 0/10 NS
Birth number 12% 0.4 12*04 NS 1305 16 =09 NS
# single births 9/11 10/13 NS 6/11 6/9 NS
# twins 2/11 3/13 NS 3/11 1/10 NS
#triplets 0/11 0/13 Ns 0/11 2/10 NS
E%ery mode (vaginal or c-section) 6/5 4/9 3/8 8 NS
ine
plasma glutamine (pmol /L) 825 =143 855 > 198 NS 401 = 133 288 £ 112 NS
Plasma glutamate (umol/L) 212> 123 186 = 122 NS 85 = 110 168 =116 Ns
Plasmsa ammonia (umol/L) 8x6 6x2 NS §=x1 §=1 NS
BUN (mmol/L) 76=2L4 82+18 NS §7+29 54+901 NS
Outcome” :
Veatilator days (total) 4= 8= 14 04 23217 T 20217 NS
Length of stay, BWH (days) 80 =21 73223 NS 58 = 31 64 =36 NS
Length of stay, total (days) 104 £ 19 98218 NS ™26 78+21 NS
TPN days 21=11 183+5 02 114 147 NS
Day of first enteral feeds 929 6x3 NS 4=1 5§23 NS
Time to full feeds 4=9 8§x4 03 8=z 96 . NS
Plasma glutamine (umol/L) 226 =82 400 = 287 05 875 =121 499 = 198 NS
Plasma glutamate (jumol/L) 142248 177+ 656 NS 166 + 36 2102 31 NS
Plasms ammonis (umol/L) 4232 5x2 NS 62 5x2 NS
BUN (mmol/L) (during TPN) 68 =47 528 NS 87237 82220 NS
Frequency of high BUN (no. of patients, TPN) 8/10 7/10 NS /7 87 NS
Frequency of positive cultures (no. of patients, TPN) 4/11 8/18 NS 0/10% 8/9 01
of positive cultures (no. of patients, LOS) 5/11 5/18 NS 8/10t 5/9 NS
% Positive cultures (TPN) 17238 18+ %0 NS 00 39 =49 02
% Positive cultures (LOS) 14 =20 16+ 30 NS 6=x9 26 = 36 NS
Values are means = SD. .

differences controlling for birth weight class, ANOVA for means (LSD); Fisher's exact test for frequencies.

YBetween-group
1One infant had no cultures tested, therefore n = 10,
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supplementedimfants had positive Mood cultures during
TPN(5us0, p=.01), but not for BWHlength of slay (dus 3,
NS); this was the only difference of note in these infants.
His finding is inconsistent with other studies of GLN
supplementation in humans..z This difference may have
been an artifact of the small sample size; it underscores
the need for larger clinical trials in this area

In the very-low-birth-weight (c 600 g) cohort, GLN-
supplemented TPN was associated with shorter time to
full feeds, fewer days on TPN, reduced LOS in the neona-
tal intensive care unit, fewer infants with episodes of low
WBC, earlier initiation of enteral feeding, and fewer days
on the ventilator. Reduced length of stay with GLN supple-
mentation has been reported in two other recent clinical
trials”® and may have been attributable to improved nutri-
tional status,? enhanced bowel mucosal development,®
and rormalization Of body water.?'#4 The decrease in days
on TPN along with earlier enteral feeding may have con-
tributed to improved intestinal cell maturation and nutri-
ent absorption in the treated infants. This might have led
to the observed earlier discharge from the NICU. Ber seth
and Nordyke* reported that in this high-risk population,
early provision of enteral nutrients.was associated with
earlier maturation of intestinal motor activity. In addition,
higher lymphocyte counts were noted during week 3 in
the GLN-supplemented, < 800-g infants. This is consistent
with the recent report of Ziegler et al*® who found a sig-
nificant increase in lymphocytes in recovered bone mar -
row transplant patients who received GLN.

Conditional Essentiality of GLN

It is not clear whether the 2 800-g group may have had
a larger treatment effect if the gender distribution of in-
fants had been more similar. The fact that the < 800-g
infants showed a discernible treatment effect may be
an illustration of the “conditional essentiality” of GLN,*®
whereby the physiologic stressors on the extremely-low-
birth-weight infants may have generated an even greater
need for exogenous GLN.

Study Limitations

Because of the relatively small sample size of this pilot
study, differences may have been undetectable statistically,
although some of these differences maybe clinically sig-
nificant. The size of these infants also made it difficult to
obtain blood samples in sufficient quantities for a more
detailed metabolism study. In addition, the decision to ini-
tiate enteral feedings is made subjectively by the staff
rather than on the basis of definitive criteria. Other pos-
sible confounding variables include varying discharge cri-
teria for transfer hospitals and multiple unknown mater-
nal risk factors. Despite these limitation% this study
provides evidence that GLN supplementation appears to
be safe in this population of premature infants throughout
their stay in the NICU. Nevertheless% the full impact of a
neonatal intention cannot be fully assumed untit a much
longer period of time has* le, until the children
have reached school age(as in studies of iron deficiency
anemia, etc). Therefore, a lar ger study with long-term fol-
Jow-up would be required to unequivocally determine the
safety of this treatment.

GLUTAMINE-SUPPLEMENTED INFANTS 79

Conclusions

GLN supplementation may reduce the length of stay in
the hospital and promote enteral nutrition in these neo-
nates. This preliminary study should serve= the basis for
alarger multi-ingtitutional, randomized, prospective, clini-
cal trial of GLN supplementation to facilitate appropriate
evaluation of GLN in neonates as well as of the multiple
variables present in this patient population.
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L-Glutamine Supplementation in Home Total Parenteral Nutrition
Patients: Stability, Safety, and Effects on Intestinal Absorption
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ABSTRACT. A study was conducted to determine safety and
efficacy Of L-glutamine when added to total parenteral nutrition
(TPN) solutions of patients receiving TPN in the home. Stability
studies were fii performed on various concentrations of
Lglutamine in TPN solutions mixed by the Pharmix method.
These showed that glutamine was stable in home TPN solutions
for at least 22 days. The daily home TPN solutions of seven
stable patients were then supplemented with glutamine at a
dose of 0.285 g/kg of body weight for 4 weeks. The
glutamine-TPN solutions were prepared weekly. Five patients
received the full 4 weeks of glutamine-TPN. In two patients,
administration of glutamine-TPNmixtures was stopped at the
end of week 2 and week 3 because of elevations in liver
enzymes. A third patient’s liver enzymesrose at the end of
week 4. These abnormalities subsided after discontinuation

of the glutamine-TPN solution. Plasma levels of glutamine
increased during the first 3 weeks of supplementation but
these increases were not statistically significant D-Xylose
absorption studies performed before and after the administra-
tion of glutamine-TPN did not reveal any improvement in
small-bowe! absorptive eapacity. In conclusion, stable gl-
tarnine-TPN solutions for use by home TPN patients can be
formulated. However, supplementation of home TPN solutions
at this dose was associated with apparent hepatic toxicity
and did not demonstrate a beneficial effect on intestinal
absorptive capacity as measured by D-xylose absorption
Therefore, on the basis of this study, routine supplementation
of home TPN solution with glutamine cannot be recommended
(Journal of Farenteral and Enteral Nutrition 18268-273, 1994)

Patients with various forms of gastrointestinal failure of adenosine triphosphate. purines, and pyrimidines.?

require Jongterm home parenteral nutrition Qver the
past 3 decades, extensive research resulted in a
nutritionally and metabolically adequate total parenteral
nutrition (TPN) formula that includes glucose, lipids,
amino acids, minerals, vitamins, and trace elements.
Commercial amino acid solutions for use in TPN
include the essential amino acids tryptophan, leucine,
isoleucine, threonine, histidine, lysine, valine, methion-
ine, and phenylalanine and the nonessential amino
acids serine, alanine, tyrosine, arginine, glycine, and
proline, Glutamine is a nonessential amino acid that
has not been a component of TPN amino acid solutions,
mainly because of problems arising from the difficulty
of getting glutamine into solution, its lack of stability
in TPN solutions, and the fact that it is nonessential
Glutamine is, however, the most abundant amino acid
in the body. It makes up approximately 60% of the
free amino acids found intracellularly in skeletal
muscle! |t has several important functions: |t carries
amino nitrogen from peripheral tissuesto the splanch-
nic area; itis a major factor inrenal acid-base
regulation; and it donates nitrogen for the formation
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Correspondence and reprint requests: M. Shike, MD, Memorial Sloan-Ket-
tering Cancer Center, 1275 York Avenue, New York, NY 10021

There is a positive correlation between the concentra-
tion of glutamine and the rate of muscle protein
synthesis. Glutamine is a major fuel source for rapidly
dividing cells such as enterocytes, fibroblasts, colono-
cytes, and reticulocytes. It is therefore the preferred
fuel for the small-bowel mucosa

It has been suggested that, under stress, glutamine
may act more as an essential amino acid. Studies
have documented decrease in glutamine pools during
catabolic illness or stress? Patientsreceiving glutamine
after an operation have beerr shown to have a
decreased catabolic effect.* Those patients had im-
roved nitrogen balance, muscle protein synthesis,
and intracellular muscle glutamine levels compared
with a group receiving TPN without glutamine.

There has been interest in adding glutamine to TPN
because it may be conditionally essential during
periods of stress. To date, reported studies In humans
have described mixing glutamine-TPN solutions on a
frequent basis tO keep the mixtures stable** These
studies in humans were performed on hospitalized
patients. \We have undertaken a study to determine
whether glutamine can remain stable in a TPN solution
for prolonged periods to allow at-home use by patients
receiving TPN. We also evaluated the clinical safety
of these solutions and their potential effects on
Intestinal absorption.
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MATERIALS AND METHODS ammonia, glutamic acid, pH, amino acids, stenlity,

An Investigational New Drug application was filed ~ Particulate matter, clectrolyle concentrations, color,

withthe Food and Drug Administration for the usc of ~dextrose concentration, visual appearance, and bag

glutamine in TPN solutions. The study protocol was weight were quantitated in triplicate for each formula
approved by the Investigational Review Board at ©Ondays O, 8'_ :,I-51 and 22. i

Memorial Sloan-Kettering Cancer Center. Patients were The solubility of g]ugam;ne in solute-laden sg)lutio-ns

recruited from our home TPN population. All patients has been problematic in the Past- The Pharmix®

gave informed consent before joining the study. compounding process was used becauseit allows
complete solubilization and solute uniformity in the

Patients preparation_ of the enriched parenteral solutions. This
_ o . . ) compounding process allows the glutamine to be
Patients were eligible if they received TPN in the golubilized first, before it is combined with any other
home for at least 5 nights a week and fulfilled the components. In this method, the sterile water for
following criteria: age >18 years, no requirements for injection is added to a stainless steel mixing tank in
insulin, serum bilirubin level <15 mg/dL, serum gyfficient quantity to fulfill the total prescription volume.
creatinine level <1.8 mg/dL, and no chemotherapy Or The glutamine iS solubilized in the sterile water for
radiation therapy in the preceding 6 months. Seven injection before adding any additional nutrient compo-
home TPN patients (three women, four men) were nents. Once the glutamine is in solution, all other
studied. Their ages ranged from 38 to 81 yeas, and components are added in a systematic way to insure
their weights ranged from 45 to 76 kg (Table D). Al complete dissolution. The pH of the compounded
patients had been receiving home TPN for at least I solution is adjusted with either glacial acetic acid or
year (average 8.4 years), and all were clinically stable.  phosphoric acid in quantities sufficient to maintain a
Petients were removed from the study if they had an  pH range between 5 and 7. The refractive index of the
elevation in LFT results of 2 times the baseling; an  compounded solution is also tested to ensure complete
elevation in ammonia, blood urea nitrogen, creatinine, golubilization.
or glucose of 1.5 times the baseline; or any new physical This process also involves a cold sterilization technique

or mental status change. of two membrane filters. This ensures that the glutamine
. S is not exposed to a heated process that can catalyze
Glutamine-TPN Mixture product degradation and promote the generation of

Stability studies of glutamineTPN solutions were Potential toxic by-products.
performed before the solutions were administered to . . .
patients. Glutamine was mixed in TPN solutions in Glutamine-TPN Administration
concentrations of 1and 1.5% wtvol, and solutionswere Glutamine was added to TPN solutions at a dose of
kept at 4*C for 22 days (Table ). The composition (.285 g/kg of body weight. Therefore, a typical 70-kg
of the mixtures was calculated to give a wide range of patient received 20 g of glutamine per day over a lo-hour
concentrations of amino acids, glucose, electrolytes, and  to 12-hour infusion (Table II). Our regular home TPN
trace elements in an effort to duplicate the various formula typically includes amino acids in the amount
formulas prescribed to home TPN patients. Glutamine,

Tasie]

Fatient characteristics
Age Weight Time on .

Patient Sex %) &) ™™ ) Diagnosis

1 M Bl 64 5 - Inflammatory enteropathy

2 M 45 7a 1 Testicular cancer; 8/p small-bowel resection and radiation

S M 64 76 13 Intestinal pseudo-obstruction

4 F 71 49 4 Colon cancer s/p small-bowel and right-colon resection

6 F 81 62 13 Uterine cancer s/p small-bowel resection and radiation

6 M 42 k] 16 Crohn's disease 8/p small-bowel resection

7 F 38 46 6 Malrotation s/p small-bowel resection
‘TPN, total parenteral nutrition; s/p, status post.

Tamell
Composition of ghdaminesxpplemented TPN solutions ssed in the stabilily study
Forraula A B [ +] D

Glutamine (%) 10 15 41 15
Amino adds (%)* 10 0 60 60
Dextrose (%) 60 &0 20.0 0.0
Electrolytes (mEq/L) ° ] t t
Trace elements 0 0 % $
* Exclusive of glutamine.

1 Electrolytes (mEq/L): potassium, 114; sodium, 143; magnesium, 17; calcium, 7; chlorine, 144; phosphate, 21 mmol/L.
twdmmmea(mmmeMmlmaaﬂmmm R
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of 1 @/kg of bodv weight The glutamine wits cansid cred
part of the total amino acid dose. The remainder Of the
glutamine-TPN solution was bhased on the regular TPN
formula of each individual patient These formulas
contain amino acids, dextrose, electrolytes, trace ele-
ments, and water. Vitamins are added on a daily basis,
and the lipid iS given separately. No three-in-cmc solutions
were used. These formulas had been used for at least
6 months before the study. On the first day of the
study, the glutamine-TPN formula was administered in
the Day Hospital to each patient so that unexpected
clinical responses could be monitored. Subsequently,
patients used self-administered glutamine-TPN solutions
at home for the duration of the study.

D-Xylose Absorption Test

A p-xylose absorption test was performed at baseline
and at the end of the study. Patients were given 25 g
of p-xylose orally. They had serum p-xylose levels
determined at O, 1, 2, 3, and 5 hours after drinking the
p-xylose solution. They also were asked to empty their
bladders at baseline, and a 5-hour urine collection for
measurement of p-xylose was obtained.

Monitoring

Blood tests including complete cell count, venous
ammonia concentration, serum glutamic oxaloacetic
transaminase concentration% serum glutamic pyruvate
transaminase concentration, alkaline phosphatase con-
centration, lactic acid dehydrogenase concentration,
bilirubin level, blood urea nitrogen level, creatinine level,
and glucose level were performed. Plasma amino acid
profiles were also obtained.

wlol 18, No. 3

Analyses of plasma amind acids were performed as
follows: Blood sampies were collected in tubes contain-
ing 15% ethylenediaminetetraacetate and kept on ice.
Plasma was separated by centrifugation and stored at
—70°C. Amino acids were separated as follows: 400 pL
of plasma was mixed with 400 pL of Seraprep (Pickering
Laboratories, Mountain View, CA) containing 250 ymol
of i-norleucine (Sigma, St Louis, MO) per liter as an
internal standard The resulting deproteinized plasma
was then centrifuged, and the supernatant amino acids
were Separated by high-performance liquid chromatog-
raphy (Perkin Elmer, Plainfield, NJ) with alithium cation
exchange column. Individual amino acids were identified
and quantified by postcolumn derivitization With ninhy-
dnn (Pickering Laboratories). The response factor for
calculation of glutamine concentration was determined
from an external glutamine standard formulated from a
1:1 mixture of 250 pmol of pure crystalline L-glutamine
(Gibeo, Grand Island, NY) per liter in water and Seraprep.
Response factors for other amino acids were determined
from commercially available amino aad standard solu-
tion (Amino Acid Calibration Standard, Pickering Labo-
ratories).

The blood tests, including amino acid profiles, were
done at baseline and at weekly intervals for the 4 weeks
of administration of glutamine-TPN and for 2 weeks
thereafter, when patients were receiving their regular
TPN without glutamine. Patients were called every other
day and were asked about any new physical or mental

symptoms.
RESULTS

Stability of Glutamine-TPN Solutions

The stability studies on the four glutamine-TPN
formulas indicated that the glutamine concentration

Tasce I
Glxtamine, amino acids, and calories in individual daily TPN solutions

. Glutamine Amino acids Total alories
Patient P B tivitds ‘,m@m (mmhgu:lmwuhm

T 13 383 2340

2 2 0 . 6 513 2388

3 218 64-0 2674

4 144 26.1 2261

5 14.0 66.6 1779

6 214 540 . 2314

7 130 320 1846
TPN, total parenteral nutrition.

Tane IV
Stability data for formula D ot day 0, 8, 15, and 22
) Dars Dy 15 ) ‘Peroens change at
pH 630 631 630 (1) o2
Dextrase (%) 100.00 9271 =729
color (Klett units) 26.00 2566 2066 25.66 -131
Particulate matter PASS PASS PASS PASS
Ammonium (ppm) <15 <16 <15 »a
Glutamic acid Neg Neg Reg Neg
Bag welght (% loss) Il‘c».oo —0.0 —0.09
Pyrogen ASS -
Sterility PASS - - © PASS - —
- 'JUN 101998
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remained within United States Pharmacopeia guidelines
when solutions were kept at 1°C for up Lo 22 days (Tables
IV and V). Dextrose and electrolyte levels remained within
United States Phanmacopeia limits. No significant increase-s
In glutamic acid Or ammonia concentration were detected.
The other amino acids in the solution also remained stable.
Sterility and pyrogen assays were negative for ali samples
Color, pH, visual appearance, and bag weight all remained
within acceptable limits.

Oultpatient Outcome With Glutamine-TPN

Five patients received glutamine-TPN for the entire
4-week study. in the two other patients, glutamine-TPN
administration was discontinued because of elevation
of liver function test (LFT) results at the end of weeks
2 and 3. One of the five patients who completed the
4 weeks of supplementation was noted to have elevated
LFT results at the end of week 4. All patients in the
study had stable LFT results for the year before the
study. The specific changes in liver enzymes in the
three patients are listed in Table VI. Patients who
developed an increase in LFT results of 2 times baseline
were removed from the study. Ammonialevels did not
increase significantly in any patients. The liver enzyme
abnormalities had returned to baseline by 2 weeks after
discontinuation of the glutamine-TPN formula None of
the patients who developed increased LFT results had
any complaints referable to the liver. Because all values
returned to baseline rapidly, no ultrasound, computed
tomography scan, or liver biopsy was performed. Patients
developed no physical or mental status complaints. Of
note, anecdotally, three patients described a sense of
increased well-being While receiving the glutamine-sup-
plemented TPN solution

Plasma Amino Acid Levels

The plasma glutamine levels before glutamine supple-
mentation and at weekly intervals after beginning
supplementation are presented in Figure L At baselineg,
the mean level was 560 * 60 pmolL. This was
statistically similar to levels of 634 + 31 pmolL and
627 * 28 umoVL reported previously in healthy controls
The mean level rose to 655 £ 46 pmol/L after 1 week

LGLUTAMINE SUPPLEMERTATION 271

of glutamine suppiemen tation, but then a gradual decline
began. After 4 weeks of glutamine supplementation, the
mean plasma glutamine level declined 1o the presupple-
mentation level. Two weeks after discontinuation of
glutamine, the level had decreased L0453 = 82 pmoV/L.
A Wilcoxon matched pairs test was performed, compar-
ing each mean plasma glutamine level obtained with
the levels for every week (eg, baseline compared with
values at week |, week 2, week 3, week 4, and
posttreatment weeks 1 and 2). There was no statistically
significant change noted despite the trend toward an
early increase followed by a subsequent decrease in
plasma levels. M ean plasmalevels of taurine, tyrosine,
methionine, asparagine, aspartate, histidine, alanine,
glycine, glutamate, and serine did not change significantly
compared with baseline values. The mean plasma levels
of tryptophan and phenylalanine increased significantly
from baseline to week 1. Valine and isoleucine levels
increased significantly from week 2 to week 3 and from
baseline to week 1 postsupplementation, respectively.
Lysine and leucine values decreased significantly from
baseline to week 3 and from week 1 to week 2
postsupplementation, respectively.

D-Xylose Absorption Tests

p-Xylose absorption tests were performed in six of the
seven patients. Patient 3, with pseudo-obstruction did not
undergo this test because he could not tolerate drinking
the solution He was also the patient who received only
3 weeks Of glutamine. All patients began with markedly
abnormal p-xylose absorption There was no evidence of
any significant improvement in intestinal absorption of
p-xylose after 4 weeks of glutamineTPN in five patients
or after 2 weeks of glutamine in one patient (Fig. 2).
Blood levels of p-xylase at hours1and 5 did not increase
after glutamine supplementation, nor was there any increase
in Shour urinary excretion of p-xylose.

DISCUSSION

This study demonstrates the feasibility of administering
a TPN solution containing glutamine to home TPN
patients The Pharmix method was used to mix the TPN
solutions.” When TPN solutions were supplemented with
glutamine, they remained stable in solution for at least

TABLEV
Amino acid stability data for formula D atday 0.8.15. and 22

Percent
9 o
Amino acids (%) Day0 Dey8 Day 15 Day 22 %ﬁ;‘;
Glutamine (=1.11%) 100.00 10543 10L14 $3.02 (NS) 96s3
Alanine 100.00 106.54 9298 $3.13 (NS) 9223
Arginine 100.00 10250 9121 9260 (NS) 9171
Glycine 100.00 105.50 81 9249 (NS) 9281
Histidine 100.0D 10595 95.60 616 (NS) 96.36
Isoleucine 100.00 10865 90.90 96.11 (NS) %]
Leucine 100.00 10458 $3.16 9631 (NS) 9528
Lysine 100.00 11612 90.50 90.87 (NS) oL76
Phenylalanine 100.00 10707 $0.91 9414 (NS) 90.73
Proline 100.00 104.61 $0.40 8267 (NS) oL00
Serine 100.00 108.11 90.84 95.25 (NS) 9405
Threonine 100.00 10518 9438 92.86 (NS) 9348
Valine 100.00 11224 %.61 9884 (NS) 9368
RS, not significant. There was no Statistically significant decrease n any amino"ad concentration over the test period.
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22 days Because of this stability, the bags containing
the glutamine-TPN solutions could be delivered to the
patienis’ homes on a weekly basis, and daily compound-
ing of the solutions was unnecessary.

Animals receiving long-terrmn TPN may develop intes-
tins.i mucosal atrophy, particularly if they have no oral
intake. It has been posh-dated that this atrophy is caused
or worsened by the lack of glutamine ® Grant and Snyder®
found that rats given glutamine-TPN would maintain
mucosal weight in the stomach and colon but not the
small bowel. O'Dwyer et a.i"reported that rats receiving
glutamine had increased intestinal weight, DNA content,
and intestinal villous height.

intestinal willous height u"las not measured in our
study. However, the p-xylose absorption studies in our
patients did notindicatcany improvement in small-in-
testinal absorption after 4 weeks of glutamine supple-
mentation. The p-xylose absorption test is the standard
clinical test for eval uating the absorptive capacity of
the small-bowel mucosa. However, it has some limita-
ions. It measures Xylose absorption specifically and
does not measure other types of nutrient absorption. It
is aso not sensitive enough to pick up subtle changes
in absorptive capacity.

A possible explanation for lack of improvement in
absorption is that our patients may have aready achieved

TaBLE V]
Specific liver enzyme changes in three patients
I Highest 2 Weeks
Baseline v after study
Bitirubin NL = 0.6-1.2 0.7 0.7 02
Alkaline phosphatase NL = 38-126 175 206 208
AST NL = 540 3a 126 36
LOH NL = 313-618 520 946 276
Ammonia NL = 18-54 . 44 52 Nor done
ALT NL =5-40 16 41 24
Patient 6
Bilirubin NL = 0.8-1.2 0.3 0.5 03
Alkaline phosphatase NL = 30-100 151 226 152
ASTNL = 540 4a 175 22
LDH NL = .3$180 189 191 126
Ammonia NL = 18-54 63 41 202
ALTNL = 540 58 (] 33
Patient 3
Bilirubin NL = 0-1.0 08 14 0.7
Alkalinephosphatase NL =30-88 113 189 131
ASTNL = 10-37 24 272 21
LOHNL = 30200 o o %
= o0- 171
Armnonia NL -13-64 90 35?77 lgg

NL, Normal laboratory value; AST, serum glutamic oxaloacetic transamiinase; LDH, lactic acid dehydrogensse; ALT, serum glutamic pyruvate

transaminase.
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maximal smal I-bowel adaptation, inasmuch as they had
intestinal failure and hadbeen receiving TPN and oral
feedings for long periods.It is also conceivable that it
wakes alonger period of administration of glutamine to
improve small-bowel function. Whether glutamine given
during the early stages after resection of the small bowel
wouldresult in an accelerated rate of improvement in
absorption cannot be determined from this study.

Although our patients had been receiving home TPN
for an average of 8 years, their plasma glutamine levels
were comparable to those of normal healthy people.
Glutamine supplementation did not result in any
sustained increase in serum glutamine levels.

It has been suggested that glutamine supplementation
can prevent bacterial translocation from the intestinal
tract and thus reduce the rate of sepsis. Alverdy" found
that chemotherapy-treated rats given TPN without
glutamine had a 100% mortality rate and upon necropsy
had higher percentages of positive cultures from
mesenteric |[ymph nodes, liver, spleen, and blood. Burke
etal'' found a statistically significant difference in the
rate of bacterial translocation in both enterally fed and
glutamine-TPN-fed rats compared with rats fed TPN
alone. These studies suggested that parenteral glutamine
supplementation in animals might help protect them
from bacterial translocation. Our study did not evaluate
rates of infections because it was performed in a stable,
small population for a relatively short period.

Recently, Ziegler et al® reported a reduction in the
infection rate in bone marrow transplant patients whose
TPN was supplemented with glutamine at 0.57 g/kg of
body weight. They also noted an improvement in nitrogen
balance and a decrease in the length of hospital stay.
These patients were acutely ill after radiation, chemo-
therapy, and bone marrow transplantation.

Our patients received onfy half the above dose. They
received 0.285 g of glutamine per kilogram of body
weight in their TPN. They received this lower dose
because their TPN infusion lasted only 10 to 12 hours
instead of the 24-hour period used in inpatient studies.
Because glutamine-TPN had not been previously given
in an outpatient setting, we chose to use a rate that
had previously been ahown to be safe. The question
arises whether the results would have been different if
a larger dose had been used

The only apparent aide effect from glutamine supple-
mentation was an increase in liver enzymes, which
resolved upon cessation of the glutamine supplementa-
tion in affected patients It is of concern that three of
our patients developed this elevation in liver enzymes
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A previous study reported a slight rise in alkaline
phosphatase an d bilirubin levels during the I-month
adnumstmnon of glutamine-TPN to bone marrow transplant
patients® Transaminase levels were Not mentioned in that
report. Transaminase level increases were the most
impressive laboratory value change in our population.

In summary, this study showed that a stable
glutamine-TPN solution can be made for the home
setting. However, it does not give evidence that glutamine
supplementation causes improvement in small-bowel
absorption in stable home TPN patients who are taking
food orally. Evaluation of other potential benefits in
this patient population such as a decrease in sepsis rate
requires a larger number of patients and a much longer
study. The potential liver. toxicity from glutamine
supplementation has to be kept in mind if such studies
are undertake
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The stability of L-glutamine in total parenteral
nutrition solutions
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ABSTRACT—An assessment was made over a period of 14 days of the rate of glutamine
degradation in different intravenous solution: kept at 22-24°C, 4°C, —20°C and —80°C. At room
temperature (22-24°C} degradation rates in mixed parenteral nutrition solutions and amino-
acid/dextrose solutions ranged from 0.7-0.9%/day, in Perifusin 0.6 %/day, and in dextrose alone
as low as 0.15"Alday. At 4°C, glutamine degradation was <0.1-0.2%/day in all solutions
examined, at —20°C it was minima (<0.04%/day} and at —80°C, it was undetectable.

Glutamine degradation was found to be associated with the formation of equimolar quantities
of ammonia. No glutamate formation was detected.

It is concluded that it is possible to store glutamine in parenteral nutrition solutions kept at 4°C,
with about 2% loss over a period of 14 days. The degradation is sufficiently slow to consider the

use of intravenous glutamine in nutritional therapy.

In production

All the currently available commercial amino-acid
solutions that are used in total parenteral nutrition
(TPN) lack free glutamine. This is largely because
of fears about the instability of glutamine and
possible toxicity of some of its degradation pro-
ducts (pyroglutamic aad and ammonia).
However, there is surprisingly little information
about the stability of glutamine, and some of the
work with parenteral nutrition solutionsis confus-
ing. For example, in one preliminary report it was
suggested that the rate of degradation of glutamine
in the presence of other nutrients is as low as
O. 1%/day at room temperature (1). In another
preliminary communication the rate of glutamine
degradation in a parenteral nutrition solution was
reported to be higher, but less than S%/day (2).
However, other workers have reported the rate of
glutamine degradation in buffers, kept at room
temperature and a pH similar to that of parenteral
nutrition solutions, is even higher at about 10—
20%/day (3,4, 5).

If free glutamine is t0 be induded in parenteral
nutrition solutions as an alternative to the use of
glutamine containing dipeptides (6), it is essential
to haveinformation about its stability arid the type
of degradation products that are formed during

storage. In previous studies we have found that the
stability of glutamine in solution depends not onfy
on temperatur~ and pH, but also on the composi-
tion and mol ity of other constituentsin the
solutions (7, 8, {t became obvious that there was a
risk in attempting to predict the rate of degra-
dation of glutamine in one solution as a result of
observations made on another solution. It also
became clear that the stability and products of
glutamine degradation should be assessed in a
variety of parented nutrition solutions. This
study aimed to obain such information at various
temperatures, including those that arc likely to
exist during storage or administration of the
intravenous solutions.

Methods

L-glutamine (Degussa, Frankfurt, Germany) was
added to the solutions to form afinal concentration
of about 1% (w/v) (720mmolll). The composition of
the various intravenous solutionsis indicated in
Table 1.

An mixtures were prepared in standard sized
total parenteral nutrition (TPN) bags under strict
aseptic conditions. The solutions contained elec-
trolytes (except vatnin/dextrose) and micronu-
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Table 1 Detafled composition Of each type Of solution/mixture USEd to assess the stabitit y Of glutamine g i
>
Synthamin/ 2 .
Amlnoplex (A)t/ Aminoplex (B)t/ Eloamin (A)tt/ Eloamin (B}t t/  Synthaminttt/ dextrose/  Vamin®/ Z },
Constituents dextrose dextrose dextrose dextrose dextrose lipid dextrose Perilusin®* :; Py
Glutamine (mmot) 74 66 74 68 74 68 74 % 5 oo
K (mmol1) 46.6 432 46.2 42s 32,5 26 30 7
Na (mmol) 49.1 45,3 49.2 45.3 3s 28 40 2
Nitrogen (g/1) 7.11 8.5 6.8 8.1 6.4 5,12 9 5.4 e ]
Carboydrate (keal) 577.2 532 5517 529.1 563 450.4 460 - =
Fet (keal) - - - 400 3 =~
Phosphate (mmol1) 173 16.0 17.2 1s.9 15.0 12 >
, Mg (mmol) 45 4d A0 17 2.5 2 5 é '
a (mmolt) 67.3 62.5 67.6 62.6 35 28 - 9 1
f Ca  (mmoli) i% 2.7 2.9 2.6 - - j
Acetate (mmol) . 13 7.8 103 62.5 50 10 !
Trace elements®** Elotrace B Elotrace B Elotrace B Elotrace B Additrace Additrace - i
Vitaming**** MVC9 +1 MVCI + 3 MVC9 43 MVC9+3 Multibionta Multibionta - i
{

s - eme m me -

Th

866 2L NP

t Qelstlich Sons |_td, Cheater, UK

#1 Leopold Pharma, Om, AmtrllIOxlord Nutrition. Oxford, UK

$1¢ Baxter, E lm.

o Merc%? Alton"Hunu. l‘j‘,{]dlesex. UK

ampoule of trace elements, present in ~2.3 L solutions (Elotrace B, Leopold Pharma, Graz, Austria’Oxford Nutrition, Oxford, UK: Addnracc Xabi, UK)

«“"* { ampoule of multivaming present In 2.5L solutions (MVC Lyphomed, Chicago, USA/Oxford Nutrition Lid UK; Muktibionta, Merck, U



trients (Table 1). The L-glutamine was first
dissolved in sterile doubly distilled water for
injection B.P. (2.5% w/v or 173mmol/l), paSSed
through a 0.2 wm filter 1o remove particulate
matter, and then added to the above intravenous
solutions/mixtures (Table 1), and dextrose solu-
tions alone to achieve afinal dextrose concentra-
tion of 5-25% w/v. AS a control the same
intravenous solutions/mixtures were prepared
without the addition of glutamine. As further
controls, ammonia (as ammonium chloride, Ana-
lar, British Drug House, Poole, Dorset, UK),
L-glutamate and L-pyroglutamate (Sigma, Dor-
set, UK) were added separately to the same
solutions (without glutamine)io obtain final con-
centrations of 10, 10 and 40mmol/l respectively.
Portions of these solutions were sampled at the
same intervals (see below) asthe above solutions
and analysed to assess therecovery and possible
interconversion of glutamate, glutamine, pyroglu-
tamate and ammonia. .

Aliquots (20ml) of each solutions were removed
from the TPN bags and kept in sterile glass vials at
room temperature (22-24°C), 4°C, and —80°C (all
except mixed bag containing lipid). The

* ” Synthamin containing solutions were also stored at

—20°C. The TPN bags (Ultrastab, Oxford Nutri-
tion, Oxford), which are impermeable tO gases
such as oxygen were also kept at room
temperature, and the contents sampled at inter-
vals. Duplicate samples from al the solutions were
taken at day O (shortly after addition of gluta-
mine), day 7 and day 14. In some cases (dextrose
only solutions and all Synthamin containing solu-
tions), additiona measurements were made on
days 3 and 30. The pH of each solution (see Table

Table 2 Degradation rates {%/day) of

CLINICAL NUTRITION t95

2) was measured at room temperature before,
during and & the end of the test period.

Glutamine (9), glutamate (10), and ammonia
(Roche, urea UV method, Kit No:0711144) were
measured in duplicate using standard enzymatic
techniques adapted for use on the Cobas Fara
{Roche) centrifugal autoanalyser. The ‘al in one
mixture which included the lipid emulsion (stored
only at 22-24°C and 4°C) was filtered through a
0.2um filter prior to analysis in order to remove
the lipid.

Calculations

Degradation rates (see Table 2) were derived from
(8) the sequential decline in glutamine concentra-
tions, and (b) a combination of initial glutamine
concentration and appearance of ammonia (the
degradation of glutamine was found to be asso-
ciated With the formation of equimolar quantities
of ammonia; see(7) and results of this paper). The
second method was used partly because no dil-
utions were necessary prior to analysis, and partly
because it is able to detect small changes in
concentrations more accurately than the first
method (the initial ammonia concentration was
close to zero -cf. glutamine concentration). Both
methods of calculation took inte consideration the
initial concentrations of ammonia and glutamate,
and the amounts formed over the test period in
control solutions that did not have additions of
L-glutamate or ammonia.

The degradation rate K (%/day) was derived by
plotting the log of glutamine concentration (as %
of original) against time (days). K is the antilog of
the gradient thus formed.

utamine in various $olutions/mixtures at different

temperatures using the glutamine method (A) and the ammonia method (B)t

Temperature
2-2¢°C 4£C -80°C
Solution tf pH A B A B A B
Synthamin/Dextrose 58 0.89 0.90 0.10 0.10 un wn
Syathamin/Dextrose/Lipid 58 o - 020 - - -
Aminoplex A/Dextrose 59 0.67 0.68 020 0.10 [ ] w
Aminoplex B/Dextrose 6.0 0.67 0. Q. 8 le% = wn
Eloamin A/Dextrose 58 075 0.65 0 . v wn
Eloamin B/Dextrose 58 o0m0m . 0.14 . wn
Vamin/Dextrose 56 0.65 0.13 0.18 0.13 - [}
Perifusin 6.7 03 0.8 0.10 0.08 - [
Dextrose 15% 42 0.17 0.14 0.10 0.09 .. un
1 See text for detalls of method A and B
11 For detalled composition sce Table 1
un = ondetectable
~
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Fig. 1. the degradation Of L-glutamine (GLN) ¢ 22-24°Cina
dextrose solution 15% wiv (*) and in 8 Synthamin/dextrose
mixture (*).see Table 1[Or detailed composition. Results o ¢
plotted 0N a semilogarithmic safe (y axis only).

Results

The intrabatch coefficient of variation for the
measurement of glutamine, glutamate and
ammonia were 1.1%, 0.6% and 0.5%,
respectively. The corresponding values for inter-
batch variation were 1.7%, 0.8% and 0.7%.
Measurement of these metabolites in duplicate
samples gave virtually identical results, and there-
fore, only themean results are given below.

Rates Of glutamine degradation calculated by
the two methods agreed closely with each other
(Table 2) because, as expected (7), anmonia
appeared in the solution at an approximately
equimolar rate as the 10ss of glutamine (Fig. 2).

The degradation rate of glutamine was highest
at 22-24 “C(0.6-0.9%/day), five-fold lower at 4°C
(0.1-0.2%/day) and undetectable at -WC. In the
TPN samples stored at —20°C (Synthamin/
dextrose), degradation was minimal (<0.04%/
day) over a period of 14 days (results not shown in
Table 2). In dextrose solution (5-25% w/v 188
938kcal/l) at 22-24°C the degradation rate ranged
from 0.10-0.20%/day, the lowest degradation rate
corresponding to the highest dextrose concentrea-
tion. In dextrose 15% w/v (563 keal) the rate of
degradation was -0.15%/day (Fig. 1). Therefore,
the presence of additional constituents in TPN
solutions (Table 1) enhances glutamine degra-
dation (Table 2). -

The initial concentrations of ammonia in tbe
amino-add containing solutions were less than
0.25mmol/1 and remained close to this value in the
control samples or those to which glutamate or.

pyroglutamate was added ?4-day_ period at room
temperature). In the control experiments in which
ammonia and glutamate were added to the various
solutions, both metabolizes were completely
recovered at the end of the study. Furthermore, in
the control experiment in which pyroglutamic acid
was added to the intravenous solutions, no
ammonia, glutamate or glutamine appeared.

The pH of any solution didaot change by more
than 0.2pH units during the study period. Initial
ammonia values were close to zero in the amino-
acid containing solution/mixture (<0.25 mmol/l
and did not rise above 0.5Smmol1in any of the
control samples). Glutamine degradation rates in
samples stored in gas impermeable bags, were
virtually identical to those stored in glass vials
(room temperature).

Discussion

The recognition of the potential importance of
glutamine in the metabolism of various cells and
tissues (2, 11-16), has led to attempts to administer
it asa component of parenteral nutrition solutions.
The use of soluble and stable glutamine containing
dipeptides, which are readily hydrolyses within

GLUTAMNE
( AS % OF NITIAL GLN )
» "
g 8

3

-
L

AMMONIA
( A8 % OF NITIAL OLN)
LJ

o

0 1
TME N DAYS

Fig. 2. Graph showing the equimolar formation of ammonia
from the dcgradation of L-glutamine (GLN) in

(A)dextrose at 4°C (%) and at 22-24°C (%) (see Table 1 for
detailed composition). Upper graph shows results derived by
measuring glutamine slone. Lower graph shows results derived
from repeated measurements of ammoais, and initial gluta-
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the body to yield free amino-acids, provides one
way or achieving thisaim (6). Another, more
€conomic option, isto administer free glutamine,
but (his option depends on the stability and
possible toxicity of glutamine and its degradation
products.

Since heating for even short periods of time may
cause substantial degradation of glutamine (3, 8),
heat sterilisation was avoided in this study. Instead
(he glutamine solution was aseptically prepared
and filtered through a 0.2@ filter prior to mixing
it with the other nutrients.

In this study there was close agreement between
the rate of loss of glutamine and the rate of
appearance Of ammonia, which incresses confi-

lence in the results. The formation of ammonia
occurs irrespective of whether glutamine degrades
to glutamate or pyroglutamate. Since no gluta-
mate Was formed it iS presumed that glutamine
degrades quantitatively to pyroglutamate.

The rate of glutamine degradation in typical
parenteral nutrition solutions (0.8%/day at room
temperature, or 0,1-0. 15%/day at 4" C) was found
to be slower than that reported in severa other
solutions (3, 4, 5) e.g. in buffers maintained at
similar pH and temperature as the parenteral
solutions. The rate of glutamine degradation in the
commonly used intravenous solutions is suffi-
ciently slow to consider the possible clinical use of
such solutions as a viable option (although the
degradation Of glutamine in atypical TPN solu-
tions incfuding those with unusual mineral concen-
trations requires investigation).

There are at least four ways in which this option
may be achieved. One is to prepare a fresh
glutamine solution and mix it with other nutrients
on the day of administration. This reduces to a
minimum the time over which glutamine can
degrade. Second, since the degradation of gluta-
mine at 4°C is several-fold less than at room
temperature, storage of such solutions at 4*C is
demonstrably associated with the loss of only
about 2% glutamine over a period of 14 days.
Third, it may be possible to prepare, store and/or
administer glutamine solutions containing
dextrose alone, which slows glutamine degra-
dation even further (Fig. 1, Table 1). Fourth, it
may be possible to freeze a solution of glutamine in
water, dextrose, or TPN solution (e.g. =20°C -
-WC) and thaw it for infusion or for mixing with
other nutrients on the day of requirement. The
evidence suggests that over a period of at least 2-4
weeks there js minimal or undetectable degra-
dation of glutamine in intravenous solutions stored

CLINICAL NUTRITION 197

between —20°C and ~80°C (this work and (7,8) ).
In addition glutamine dots not appear to affect the
stability or size of the lipid par-ticks in ‘all in one
mixture’ (8).

It should be emphasised that the use of gluta-
mine in TPN solutions in clinical practice should
take into account not only the stability of gluta-
mine (and formation of degradation products) but
also the possible toxicity effects of such infusions,
which might vary in different circumstances. In
one recent study in which glutamine containing
solutions were administered in healthy subjects
(17), no toxicity effects were identified and no
significant measurements in ammonia concentra-
tions were noted.

The increase in ammonia concentration in TPN
solutions kept at room temperature (0.5 mmoV/L/
day in solutions containing about 70mmol gluta-
mine/L) is small and not likely to be an important
clinical problem. The body handles up to about 1
mole Of ammonia per day (14gN), which is used to
form urea. Furthermore, administration of an oral
bolus dose of about 7g (-131 mmol) ammonium
chloride (i.e. 0.1g/kg in a 70kg man), which is used
clinicaly as a diagnostic test for rena tubular
acidosis, provides 20-30-fold more ammonia than
aTPN solution containing a total of as much as
Smmol ammonia. Although the latter delivers
ammoniadirectly into the systemic circulation, it is
administered very slowly (frequently over 24 h -
cf. bolus dose of ammonium chloride).

Alleged toxicity Of pyroglutamic aad (also
known as S-oxoproline, 2-pyrrolidone-5-corbox-
ylic sad) requires further investigation, but it is
unlikely to cause symptoms if given in small
amounts. This is partly because tissues are
normally exposed to small concentrations of pyro-
glutamic aad (18), (it is also a normal constituent
of mammalian protein/polypeptides, and an inter-
mediate in the gamma-glutamyl cycle (19,20), and
partly because of recent studies in normal subjects
involving administration Of TPN solutions contain-
ing glutamine have not been associated with
detectable toxic effects (17). Furthermore protein
hydrolysates such as ‘“Aminosol’ (a casein hydroly-
sate), which was &t one time used routinely in
TPN, contained substantial amounts of pyrogluta-
mic acid (4% of total N, corresponding to 34 mmol
g?rogluwnic acid per 12g NJ21]). Again, toxicity

fectsdue to pyroglutamic acid/or ammonia were
apprently not identified.

In summary this study suggests that it should be
possibleto prepare, store and administer gluta-
mine in parenteral nutrition solutions, with little

1JUN 10 19%9
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degradative loss, but administration of such solu-
tions in clinical practice requires further evalu-
ation of their benefits and possible toxicity.
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