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Philip J. Migliore, M.D.
Research Director
The Moran Foundation
Department of Pathology
Baylor College of Medicine
One Baylor Plazs
Houston, Texas 77030

Dear Dr. Migliore:

Enclosed please find the updated annusal report and request for continued
support for our project "Applications of HPLC Amino Acid Determinations™.
As you suggested, the proposal is submitted as a continuation of last
year's vork rather than a new project. | would like to thank you and the
research committee members for your patience and constructive

comments during the evolution of this proposal.
If | can be of any further assistance, please feel free to contact me.

Sincerely gouré,

J\.);Q Goodman, M.D.
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TITLE: APPLICATIONS OF HPLC AMING ACID DETERMINATIONS
Annual Report Update and Request for Continued Support

INVESTIGATORS: Principal Investigator: Clay Goodman

Co-investigators: Ching-nan Qu

Claudia S. Robertson

Over the past year, we have used Moran Foundation funds for the
measurement of serum amino acids in head injuried patients using high
pressure liquid chromatography with post-column ninhydrin derivatization.
This technique permits accurate detection of some 40 serum constituents
inciuding essential and nonessential amina acids. Here we report the
results of our studies of systemic and cerebral amina acid metabolism in
12 head injuried patients in the first & days following injury. A
consistent pattern of metabolic derangements occurs raising the
passibility of therapeutic benefit fram early nutritional support in such
patients. Additionsl studies of the amino acid aiterations and the effects
of intervention on metabolic patterns and clinical outcome form the basis
of our request for continued support.

METHODS

Our preliminary study contained 12 patients in coma from head injury
in the absence of other serious injury (Table 1). All patients were treated
in the Neurosurgical Intensive Care Unit at Ben Taub General Hospital
under the direction of an internist with training in critical care (C.SR.)
with neurosurgical interventions being under the direction of other
Neurosurgery Department faculty and house officers. Management
emphasized early evécuation of intracranial hematomas, monitoring of

intracranial pressure with treatment of pressures exceeding 20 mmHg,
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controlled ventilation, and avoidance of secondary injury of the brain.
Routine medications included morphine, phenytoin, and antibictics in
penetrating injuries. Intracranis] hypertension was treated with
hyperventilation, mennitol, and barbiturates. Corticosteroids were not
routinely administered. As dictated by standard neurosurgical care, all
patients received S& dextrose in 1/2 normal saline as their anly calaric
source for the first 3 days after admission. On day 4 alimentation
commenced, enterally if bowel sounds were present or parenterally if
ileus persisted. The feeding goal was 3500 kcal/day with 20 gm
nitrogen/day. |
Cerebral blood flow (CBF) using the Kety-Schinidt technique with
nitrous oxide as the diffusable indicator, and cerebral amino acid, glucase,
axygen, and lactate AV differences were measured at least daily for the
first 5 deys following injury. The cerebral metabolic rate (CMR) of each
substrate of interest was computed by multiplying the arterial-jugular
venaus difference of the substrate by the CBF. Systemic metaboic rates
were camputed using cardiac output measured hy thermodilution
multiplied by arterial and mixed venous differences of metabolites. Daily
urinary nitrogen loss yras measured using the chemiluminescence
technique {(Antek Instruments, Houston, Tx). Additionally, serum
catecholamines were measured by HPLC with electrachemical detection.
Pickering Laboratories of Mountain View, California, was the source
of columns and reagents for a post-column ninhydrin derivatization
method of measuring amino acids in physiological fluids. Chromatographic
conditions included a 3mm X 250mm 10uM liihium cation exchange column
at 42°C with a guard column and a three component Tithium salt mobile
phase {flow rate 0.3 ml/min) gradient with an elution and regeneration

cycle of 210 minutes (figure 1). Following separation, the amino acids
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were mixed with ninhydrin (flow rate 0.3 m1/min) at & mixing tee and
subsequently reacted for 100 seconds at 120°C in a Pickering CRX390 post
column reactor resulting in chromophores monitored at 546 nmina 12yl
cell {figure 2). Aninjection of standard and & serum sample on the system
in its current configuration sre shown (figures 3 & 4). Sample preparation
invalved simple deproteinization followed by autoinjection of @ 20 i
sample. We injected 20 standards and 112 serum samples with good
preservation of constituent resolution and pesk areas.
RESULTS

The systemic hypermetabolic respanse of these 12 patients was
typical of the head-injury pattern and is shawn in detail in Tables 2 and 3.
Systemic oxygen consumption was elevated, as was cardiac output, and
urinary nitrogen losses averaged 14.8 gm/day. Sgstemi'c oxygen
consumption and cardiac output were maximal on day 1; the oxygen
consumption declined toward normal over the 5 doy study interval whereas
the cardiac output remained high. The patients were moderately
hyperglycemic and arterial lactates were elevated, with the highest levels
being on the first day and declining thereafter. The arterial branched
chain amino acids {leucine, isoleucine, valine) yere decreased with lowest
levels occurring on day 2. Arginine, threonine, and serine were also
decreased, whereas methionine, tyrosine, glutamic acid, teurine, and
phenylalanine were elevated. Catecholamines were elevated throughout.

Studies of the cerebral metabalic response disclased that cerebral
blood flow was elevated relative to the pﬁtients' pCO,, but that cerebral
utilization of oxygen and glucose were consistently reduced. Cerebral

lactate production was increased, being maximal on day 1 and decreasing

tovard normal by day 5.

fn uninjured persons, the brain is normally in net positive amino scid
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balence, but in our study we found that the uptake of amino acids by the
injured brain varied with time following injury. On day 1 after injury,
there was significant cerebral uptake of all amino acids except threonine
which reached its arterial nadir on day 1 in contrast to most of the ather
amino acids which reached their lowest arterial concentrations an day 2.
On day 2 when most amino acid concentrations reached their lowest
levels, none showed significant net uptake by the brain; and there was net
loss of aspartic acid, glycine, and tyrosine. Following day 2, there was &
gradual restoration of normal positive balance. Each patient followed the
same evolution of brain exchange of amino acids; that is, of uptake on day
1, no uptake or even loss on day 2, followed by return of aminc acid uptake.
The time course of the resumption of uptake was variable, and was
independent of cerebral blood fiow, and cerebral metabolism of oxygen,
glucose, and lactate. Although the groups &re small, there wereno
siginificant differences in the amino acid patterns of the patients who had
good neurological recovery from those who had poor outcome. In fact the
only parameter yhich influenced by uptake of amina acids by the brain was
the arterial concentrations of the amino acids. |

DISCUSSION & PROPOSAL

Following isolated severe head injury, the systemic metabolic
response is similar to that seen in severe multi-organ injury, sepsis, and
burns. Early comprehensive nutritional support of such critically ill
patients has & demonstrable beneficial impact on mortality, wound
healing, and immunocompetence. Standard neurosurgical practice,
however, has dictated minimal nutritional support during the first days
following injury due to fears of fluid loading from nutritional support
adversely impeacting intracranial pressure. We have shawn, however, that

immediately following injury, the brain is in net negative amino acid
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palance, and that there is a shift toward anaerobic glucose utilization
with increased lactate production. {t is possible that measures taken to
provide the brain with amino acids during this period or to blunt the
systemic reduction in amino acids might have favoreble effects on
outcome on neurological injury. Of course, the leskage of amino acids and
shift to anaecbic glucaose use might reflect the dying metabolism of
irreversibly damaged brain tissue for which our therapeutic measures
would be of no value. We prefer the more optimistic hypothesis that
manipulation of the systemic metabolic environment can affect cerebral
metabalism, and that provision of substrates required for the repéir af
injury may favorably influence outcome.

To that end, we propose continuing our studies as ocutlined abave to
gather more data about the systemic and cerebral metabalic response in
head injury in the context of earlier enteral and parenteral nutritional
support in the environment of the intensive care unit where ang adverse
effects of such interventions on intracranial pressure can be maonitored
and carrected. Continued Moran Foundation support for the amino acid
analysis component of the project would be most helpful.

We have demonstrated that this method of amino acid analysis can be
- implemented in a clinical laboratory with gradient high pressure liquid
chromatographic capability. The pre-mixed reagents are reasonably
inexpensive further facilitating service laboratory implementation. A
drawback of the method is the analysis time of 210 minutes which limits
the total number of samples which can be processed to about 7/day. We
propose reducinvg this analysis time to 120 minutes by using a shorter
cation exchange column with smaller particle size packing material
(Pickering Laboratories High Speed Amino Acid Analysis Lithium Column,

3mm % 150mm, 7uM). Some resolution of closely eluting amino acids may
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he lost employing the faster analysis time, but we hope to manipulate
chromatographic conditions to offset this loss.

Samples will consist of plasma spiked with amino acid standards, as
wéH as plasma from head injuried hypercatabolic comatose patients with
and without early hyperalimentation. The samples from head injuried
patients will be obtained in the course of an ongaing project investigating
systemic metabolic responses to injury (no additional blood drawing will
be required and this ongoing project is sanctioned by institutional human

investigation committees).

Budget Requirements: The following reagents, supplies, and equipment

vwill be needed for this project:

Lithium Column, 3mm X 230mm, 10uM $1100.00
Lithium Column, 3mm X 150mm, 7uM (x2)  $2600.00
Lithium Guard Columns {2) | $360.00
Lithium Eluent, 2.75 pH (2 cases) $176.00
Lithium Eluent, 7.50 pH {2 cases) $176.00
Lithium Column Regenerant {x2) $30.00
Ninhydrin reagent (2 cases) $400.00
Sample preparation reagents $50.00
Calibration standard reagents $37.00
Miscellaneogus HPLC components $400.00
ISCO UA-5 Absorbance Detector & Cell $2800.00
TOTAL $68129.00

The Tong and short columns, guard columns, eluent solutions, ninhydrin,
sample preparation reagents, and standards are disposables essential for

the execution of this project and cost & total of $4929.00. The mobile
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phase is quite acidic through much of the analysis necessitating frequent
seal replacement and plumbing repairs; hence, $400.00 is budgeted far
miscellaneous HPLC components so that these repairs can be perfarmed.
The UA-5 detector is equipped with a 0.12 ul flow cell in contrast to the
detector currently in use which has a 12 yl flow cell. The reduced cell
volume may reduce band broadening in the detector permitting good

resolution despite rapid column transit with the high speed column.
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Tahle 2. Cerebral and Systemic Metabolism.

Day After Inmjury
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DEPARTMENT OF PATHOLOGY
BAYLOR COLLEGE OF MEDICINE
TEXAS MEDICAL CENTER
HOUSTON, TEXAS 77030

June 5, 1986

Clay Goodman, M.D.

Assistant Professor of Pathology
Department of Pathology

Baylor College of Medicine
Houston, Texas 77030

Dear Dr. Goodman,

Following review of the latest revision of the addendum to your study,
""Clinical Application of Rapid Amino Acid Analysis" (1-85-0013), the Scien-
tific Advisory Committee has unanimously recommended that additional funds,
amounting to $5,304.00, be made available to allow you to continue your
studies. Requests for use of these funds should continue to be made through
Mr. Wes Moreland in the Department of Pathology office (X 4661). We
appreciate your patience and willingness to work with us during the past
few months during the review process. As a reminder, annual progress
reports are due by December 1 of each year.

Sincerely yours,

Philip J. Miglio:l, M.D.

Research Director
The Moran Foundation

¢: Jack L. Titus, M.D., Ph.D.
Mr. John Moran
Gregory Buffone, Ph.D.
Matthew Noall, Ph.D.
David Yawn, M.D.
Mr. Wes Moreland

PJM/ms



