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A colorimetric method for analysis of ornithine in human serum and crystalline amino acid mixtures
was developed, utilizing simple reagents, equipment, and techniques suitable for smaller clinical
laboratories. Serum samples or amino acid mixtures were incubated with ornithine carbamyl trans-
ferase to quantitatively convert ornithine to citrulline. Urease addition removed interfering substances.
After deproteinization, citrulline was measured by modified diacetyl monoximel/phenazone color for-
mation. Blanks accounted for endogenous citrulline levels and nonspecific interferences. This assay
was used to follow levels of serum ornithine in weight lifters after oral dosing with 40, 100, and 170
mg ornithinelkg body weight. A dose-dependent increase in levels of serum ornithine was found,
leading to a 400% increase in serum levels 90 min after ingestion of 170 mg/kg. The present colorimet-
ric assay compared favorably to other more complex, laborious, and expensive methods, enabling a

wider range of laboratories to study ornithine.
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Introduction

Ornithine, a dispensable amino acid found in negligible
amounts from dietary sources, is involved in the urea
cycle, polyamine synthesis, and arginine metabolism.'
Ornithine can evoke somatotropin release in humans
after intravenous loading,> a finding that has spurred
many weight lifters and dieters to consume amino acid
supplements containing ornithine in an attempt to
stimulate anabolism via release of somatotropin.*’
The recent finding of increased serum somatotropin
levels after ingestion of a range of oral doses of orni-
thine necessitated verification of association of in-
creased serum ornithine levels with increased serum
somatotropin levels.® Also, verification of label claims
of ornithine amounts in dietary supplements was an
additional need. The technique of choice for measur-
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ing ornithine, an amino acid analyzer, was unavailable
because of cost and logistical constraints.

Analysis of ornithine levels in biological samples
usually is accomplished by ion-exchange chromatog-
raphy (amino acid analyzers)”'° or by counting radio-
active products after enzymatic treatments with orni-
thine decarboxylase." For smaller laboratories that do
not possess resources to utilize chromatographic
equipment or radioactive compounds, there are few
options available for estimation of ornithine levels.
Thin-layer chromatographic procedures are laborious
and subject to interferences.’> One colorimetric
method suffers from interferences with lysine.'?™
Other methods require equipment or reagents uncom-
mon to most laboratories.!*1

The assay described in this report combined modi-
fications of several methods for analysis of ornithine
carbamyl transferase (OCT).'*'7?! This assay pos-
sesses sufficient sensitivity and accuracy for determi-
nation of ornithine in samples of human serum or mix-
tures of amino acids. Almost all educational or clinical
laboratories can perform this assay using commer-
cially available reagents and basic equipment.
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Methods and materials
Subjects

Permission to utilize human subjects was granted by
the Human Review Boards of University of Houston
and University of Texas Health Science Center at
Houston. Active, trained weight lifters were recruited
from local gyms. Normal subjects were employees of
Biotics Research Corporation. Three female weight
lifters (ages: 34.3 = 5.1 years; weight: 58.2 + 7.6 kg;
height: 166 = 8 cm; mean = SD) and ten male weight
lifters (ages: 28.1 = 7.0 years; weight: 82.5 * 17.4 kg;
height: 172 = 8 c¢m) were given 40, 100, or 170 mg
ornithine/kg at 8:00 AM after an overnight fast. Serum
was obtained at 0, 45, and 90 min after ingestion of
ornithine and stored frozen at —40°C until assay.®

Ornithine estimation

Serum samples were reacted with excesses of orni-
thine carbamyl transferase (OCT), urease, and car-
bamyl phosphate to convert ornithine quantitatively to
citrulline and to remove urea, which interferes with
later citrulline analysis. Blanks were run for each sam-
ple to account for endogenous levels of citrulline and
other possible interfering substances, as well as non-
specific formation of citrulline. After reaction with en-
zymes, samples were deproteinized with trichloracetic
acid (TCA), and the supernatant analyzed for citrulline
content. A modification of the diacetyl monoxime/
phenazone method described by others'*!?' was
used. Ornithine concentration in samples was deter-
mined from a standard curve of ornithine treated iden-
tically as samples. A standard curve was determined
with each batch.

Enzymatic reaction procedure

Two glass, 13 x 100 mm test tubes were labeled for
each sample (Blank and Test). To each Blank tube,
0.6 ml of triethanolamine (TEA) buffer (0.4 M TEA,
pH 7.7) was added. To each Test tube, 0.5 ml of TEA
buffer was added. To each Blank and Test tube, 0.1
ml carbamyl phosphate solution (50 mm dilithium car-
bamyl phosphate in TEA buffer, prepared fresh before
each use), and 0.1 ml urease solution (100 U/ml in
TEA buffer, stored in refrigerator) were added. To
each Test tube, 0.1 ml of OCT solution (20 U OCT/
ml in TEA buffer, stored in refrigerator) was added.
A timer was started and 0.2 ml of sample or standard
was added to appropriate Blank and Test tubes. Tube
contents were mixed and placed in a 37° C water bath
for 20 min. After 20 min, 1.0 ml of cold 10% TCA (wt/
vol) was added to each Blank and Test tube in the
same order that samples were added. Each tube was
centrifuged (approximately 1000 x g for 10 min) to
pellet the resulting precipitate. After centrifugation,
TCA supernatants may be stored before subsequent
citrulline assay.

Citrulline assay

A modification of several methods was used to esti-
mate citrulline (and thus ornithine) levels in TCA
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supernatants.'>'""® Diacetyl monoxime (0.4% in 7.5%
sodium chloride) was stored in a dark bottle at room
temperature and was stable for six months. Acidic
phenazone/ferric ammonium sulfate solution was
prepared by combining 0.37 g phenazone, 0.25 g
FeNH/(SO,), - 12H,0, 25 ml concentrated sulfuric
acid, and 25 ml of 85% phosphoric acid, and with care-
ful addition of water for a final volume of 100 ml. Ini-
tially, this solution may be cloudy, but this has no
effect on the outcome of assays.

To 16 x 125 mm glass screw-top tubes, 0.5 ml of
TCA supernatant was added. Color reagent was pre-
pared fresh for each batch of determinations and used
immediately. Color reagent was prepared by mixing
one volume of diacetyl monoxime solution with 2 vol-
umes of acidic phenazone/ferric ammonium sulfate so-
lution in a dark bottle. A timer was set for 15 min, then
3.0 ml of color reagent was added to a tube, loosely
covered, then placed immediately in a boiling water
bath. The process was repeated for the next tube, and
so on for each tube. The bath was covered when all
samples were emplaced. After 15 min, the bath was
uncovered, then the first tube put into the bath was
removed and placed in an ice-water bath in the same
sequence they were added. When all tubes were
placed in the ice bath, the first tube was removed and
placed in a room temperature water bath, followed by
sequential addition of the remainder of tubes. In this
manner, each tube had equivalent exposure to heat
and light. One must be sure to perform different
batches of citrulline assays under the same lighting
conditions for least between-batch variation. Ab-
sorbance at 464 nm was measured for each tube in the
same sequence as before, with distilled water as zero.
Covered cuvettes were preferred because the color
reagant is highly acidic and corrosive to spectropho-
tometers.

Standard curve and reagents

TEA, dilithium carbamyl phosphate, OCT, urease,
L-citrulline, phenazone (antipyrine), and diacetyl mon-
oxime were obtained from Sigma Chemical Company
(St. Louis, MO). r-ornithine hydrochloride was ob-
tained from Tanabe Company (Tokyo, Japan). All
other chemicals used were of analytical reagent grade.
Mixtures of free amino acids were prepared and sup-
plied by Biotics Research Corporation.

L-ornithine hydrochloride was dissolved in TEA
buffer at concentrations ranging from 0-2965 nmol/ml
to determine the range of concentrations for linearity
of the standard curve. Since this assay was employed
to measure serum levels of ornithine after oral loading,
a standard curve with concentrations ranging from
0-1000 nmol/ml was routinely performed. Otherwise,
a standard curve ranging from 0-200 nmol/ml would
suffice for ornithine determinations in normal serum
samples. Standards were processed identically as sam-
ples. Two dietary supplement products containing
mixtures of free amino acids, including known
amounts of both citrulline and ornithine, were used as
controls. Products were dissolved at concentrations of
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1.500 T Y 1.0 mg/ml in TEA buffer (ornithine control) or 10%
TCA (citrulline control).
Statistical analysis utilized Student’s 7 test or analy-
1.250 sis of variance (ANOVA).
g 1.000 - Results
g Assay characteristics
Tg Under the specified assay conditions, concentrations
3 0.750 of 18-2700 nmol/ml of ornithine produced a linear
5 standard curve (Figure 1). Two amino acid mixtures
2 0.500 N used as controls for the citrulline assay contained 21.2
‘ and 14.6 nmol/ml of citrulline, respectively. Assayed
values for citrulline were 22.5 (106%) and 14.5 (99.6%)
nmol/ml. These two mixtures also contained ornithine
0250 at concentrations of 66 and 454 nmol/ml, respectively.
Assayed values for ornithine were 56.5 and 396 nmol/
1 1 ml (85.5 and 87.2%, respectively) of actual values. Or-
0 500 1000 1500 2000 2500 3000 nithine at concentrations up to 600,000 nmol/ml in
Ornithine ( nmol/mi ) 10% TCA did not produce color in the citrulline assay.
Figure 1 Standard curve for determination of linearity of colori- Recovery of L-ornithine added to a human serum
metric assay for ornithine. Ornithine hydrochloride was dissolved sample was 98.1% (n = 10) at a concentration of 892
in triethanolamine buffgr at concentrations ranging f(om 0-2965 nmol/ml. Interassay coefficients of variation (CV) for
nmol/ml and reacted with carbamyl-phosphate, ornithine carbam- . .-
yltransferase, and urease. After addition of 10% trichloracetic acid rephcate analyses of ornithine (n = 10) of normal (156
and centrifugation, diacetyl monoxime/phenazone color reagent *+ 8.4 nmol/ml) and elevated (315 = 17 nmol/ml)
was added to the clear supernatant and boiled. Absorbance at 464 pooled serum controls were both 5.4%. Intra-assay
nm was determined. Simple linear regression analysis yielded the CV for replicate analyses (n = 10) of two different

equation Y = 0.025 + 0.490X. For analysis of serum ornithine
levels after oral loading with ornithine, a standard curve ranging
from 0—1000 nmol/ml was employed routinely. For determination of L. .
serum ornithine levels in normal human serum samples, a standard Levels of ornithine in human serum
curve ranging from 0—200 nmol/ml would suffice.

serum samples were 5.1 and 4.0%.

Table | exhibits serum levels of ornithine in normal
subjects and weight lifters. Figure 2 shows the levels
of ornithine found in weight lifters before and after
oral dosing with 40, 100, or 170 mg/kg of L-ornithine

Table 1 Comparative values for human serum levels of ornithine by different assay methods

Number of Serum
Methods of subjects ornithine

Subjects analysis (female + male) (nmol/ml = SD) Reference
Weight lifters? Colorimetric 3+ 10 125 + 33 —>
Female weight lifters® Colorimetric 3 106 + 22 —b
Male weight lifters? Colorimetric 10 132 + 18 —b
Normal adults® Colorimetric 3 92 + 8.9 —b
Normal adults Enzymatic 3+ 10 76 = 11 11
Normal adults Amino acid analyzer® 8 100 + 12 18
Normal adults Amino acid analyzer 2+5 85 + 27 20
Normal adults Amino acid analyzer 5 77 = 28 5
Normal females Amino acid analyzer 7 61 = 6.6 19
Normal females Amino acid analyzer 35 60 = 17 5
Normal females Amino acid analyzer 101 54 + 18 21
Normal males Amino acid analyzer 12 75 + 6.6 19
Normal males Amino acid analyzer 37 85 + 24 5
Normal males Amino acid analyzer 90 65 = 18 21

2 Two or three separate samples from each subject, collected one week apart, were assayed, for a total of 36 determinations.

® This study.

¢ Nire total determinations were measured.

¢ Twenty-seven total determinations were measured.

¢ One male, one female, and a serum pool from eight normal males were assayed thrice each for a total of nine determinations.
"'Significantly different from weight lifters by Student's two-tailed t test (t = 2.993, P < 0.005).

9 jon-exchange chromatography as described in references 7-10, 22-25.
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Figure 2 Changes in levels of ornithine (mean = Standard Devia-
tion) in serum of twelve weight lifters (three females, nine males)
after oral doses of 40 (A), 100 (B), or 170 (C) mg ornithine/kg body
weight. Serum changes in levels of ornithine were significantly
different from starting values at 45 and 90 min for each dose by
ANOVA (P > 0.001).

hydrochloride. A dose-dependent increase in serum
ornithine levels was found.

Discussion

Analysis of powdered amino acid mixtures with low
(1.1% wt/wt) or high (7.7% wt/wt) ornithine contents
indicated that 85-87% of ornithine was converted to
citrulline by the enzymatic half of the assay. Low re-
covery of ornithine from free amino acid products may
be due to inefficient enzymatic conversion of ornithine
to citrulline, or to incomplete mixing of the product
itself. Since ornithine standards and serum samples
were treated identically, possible incomplete conver-
sion of ornithine to citrulline would not affect results.

The second half of the assay (citrulline estimation)
showed complete recovery of citrulline (99-106%), as
shown by powdered amino acid samples containing
citrulline calculated from a genuine citrulline standard
curve.

Compared to other methods, the present
assay yields similar results for normal adults (Table
1). Cost restraints prevented analysis of replicate sam-
ples by other methods; therefore, historical controls
are compared. Weight lifters exhibited significantly
higher levels of serum ornithine than normal adults (¢
= 2.993, P < 0.005). Similar to trends seen by others
in normal subjects, a trend for lower levels in females
was also seen for weight lifters, although the differ-
ence was not significant (r = 1.000, P > 0.20) (Ta-
ble I).

Possible explanations for the apparent elevated
level of ornithine in weight lifters include consumption
of high-protein diets, consumption of amino acid sup-
plements containing ornithine, an enhanced flux of the
urea cycle (or other metabolic pathways requiring or-

9.15,22-25
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nithine), or liver damage allowing urea cycle compo-
nents to appear in the bloodstream.

Dietary sources of ornithine are negligible at best,
since ornithine is not incorporated into proteins. Thus,
even if weight lifters consume 100-200 g of protein
daily, this amount of protein contains negligible
amounts of ornithine. It remains a possibility that ex-
cess availability of amino acids to organs may lead to
higher than normal levels of ornithine synthesis.

Only two subjects regularly consumed large
amounts of ornithine daily (750 mg). Both were fe-
male, and exhibited values slightly lower than the
mean for other subjects. Five other subjects consumed
amino acid supplements supplying less than 500 mg of
ornithine daily. Their values of serum ornithine were
not different from the other eight subjects that did not
consume supplemental ornithine. Thus, ingestion of
ornithine from dietary supplements did not account for
high levels of serum ornithine in our study population.

Ammonia is produced primarily by fast twitch mus-
cle fibers during intense exercise.*® Our subjects rou-
tinely engaged in exhaustive resistance training, which
recruits mostly fast twitch muscle fibers.? It is possi-
ble that weight lifters may adapt to exercise-induced,
elevated ammonia levels by increasing the capacity of
the urea cycle, much like antioxidant enzyme levels
increase in response to the free radical burden of exer-
cise.’® Increased capacity of the urea cycle may ac-
count for increased serum levels of ornithine at rest.

Liver damage was not apparent in any subject, as
exhibited by normal values for indicators of liver func-
tion for each subject after analysis by multi-channel
blood chemistry profiles. Thus, an explanation for in-
creased serum ornithine levels in weight lifters awaits
further study.

In detailed comparisons to other methods of orni-
thine analysis in human serum, the present assay of-
fers several advantages. First, no expensive equip-
ment or reagents, other than a spectrophotometer, are
required, unlike ion-exchange chromatography by
amino acid analyzers.”'?*> Second, the present
assay makes use of commercially obtainable enzymes,
unlike another enzymatic method that coupled orni-
thine aminotransferase (EC 2.6.1.13) and delta-I-
pyrroline-5-carboxylate reductase (EC 1.5.1.2), which
have no commercial sources.'” Third, the present
assay appears free from major interferences from ly-
sine found in biological samples that confuse colori-
metric assays with Chinard’s ninhydrin reagent.'*"
Fourth, under the conditions of the assay for citrulline
described in this paper, we did not find an extreme
dependence on heat and lighting conditions as noted
by other investigators.?' Rather, we found that color
development was stable for one hour when exposed
to normal room lighting conditions, similar to other
investigators.” It may be necessary for each labora-
tory to evaluate the effect of their lighting conditions
on the citrulline colorimetric portion of this assay. Fi-
nally, when compared to the only previous report us-
ing OCT coupled with citrulline analysis for estimation
of ornithine,' the present assay did not exhibit high



blanks. The previous report employed liver acetone
powders for an OCT source, leading to unacceptably
high blanks.!* We avoided this problem by using puri-
fied enzymes and urease to reduce blank levels to min-
imal values.

Thus, the assay described in this paper is a unique
method for ornithine determination in human serum
suitable for smaller laboratories that do not possess
expensive equipment or that do not have budgets
allowing payment for outside testing (i.e., educational
and clinical laboratories).

Abbreviations

OCT ornithine carbamyl transferase (EC 2.1.3.3)
TEA triethanolamine

TCA trichloracetic acid

CV coefficient of variation

Acknowledgments

The authors wish to thank James M. Pivarnik of the
University of Houston, Houston, TX, for anthropo-
metric measurements of subjects, and the staff of Biot-
ics Research Corporation, Houston, TX, for support.

References

1 Devlin, T.M. (1986). Textbook of Biochemistry with Clinical
Correlations. 2nd ed., p. 461, John Wiley & Sons, New York

2 Evain-Brion, D., Donnadieu, M., Roger, M., and Job, J.C.
(1982). Simultaneous study of somatotrophic and cortico-
trophic pituitary secretions during ornithine infusion test. Clin.
Endocrinol. 17, 119-122

3  Gourmelen, M., Donnadieu, M., Schimpff, R.M., Lestradet,
H., and Girard, F. (1972). Effect of ornithine hydrochloride
on the plasma level of human growth hormone. Annales d'En-
docrinologie 33, 526-528

4 Macintyre, J.G. (1987). Growth hormone and athletes. Sports
Med. 4, 129-142

S Elam, R.P. (1988). Morphological changes in adult males from
resistance exercise and amino acid supplementation. J. Sports
Med. 28, 35-39.

6  Bucci, L.R., Hickson, J.H., Pivarnik, J.M., Wolinsky, 1., and
McMahon, J.C. (1990). Ornithine ingestion and growth hor-
mone release in bodybuilders. Nutr. Res. 10, 239-246

7  Moore, S. and Stein, W.H. (1951). J. Biol. Chem. 192, 663-681

8 Spackman, D.H., Stein, W., and Moore S. (1958). Automatic

Colorimetric ornithine assay for human serum: Bucci et al.

22

23

24

25

26

recording apparatus for use in the chromatography of amino
acids. Anal. Chem. 30, 1190-1206

Dotchev, D., Hungerland, H., and Liappis, N. (1972). Die
freien Aminosauren im Blutserum bei der Endemischen (Bal-
kan) Nephropathie. Klin. Wschr. 50, 614-620

Armstrong, M.D. and Stave U. (1973). A study of plasma free
amino acid levels. 1. Study of factors affecting validity of
amino acid analyses. Metabolism 22, 549-560

Clark, J.L. (1976). Ornithine decarboxylase assay using ion-
exchange paper. Anal. Biochem. 74, 329-336

Kirchner, J.G.(1978). Thin-Laver Chromatography, 2nd ed.,
p. 440, John Wiley & Sons, New York

Chinard, F.P. (1951). Photometric estimation of proline and
ornithine. J. Biol. Chem. 199, 91-95

Gopalakrishna, R. and Nagarajan, B. (1980). A modified
method for estimation of ornithine in biological samples. Anal.
Biochem. 101, 472475

Matsuzawa, T., Ito, M., and Ishiguro, I. (1980). Enzymatic
assays of L-ornithine and L-delta-1-pyrroline-5-carboxylate in
tissues, and ornithine-load test in human subjects. Anal. Bio-
chem. 106, 1-6

Gale, E.F. (1965). L-amino acids. L-lysine, L-arginine, L-orni-
thine, L-tyrosine, L-histidine, L~glutamic acid, L-aspartic acid.
In Methods of Enzymatic Analysis (H.U. Bergmeyer, ed.),
vol. 2, p. 373, Academic Press, New York

Enzyme Activity Assay, Ornithine Carbamyl Transferase,
(1983). Sigma Chemical Company, St. Louis, MO

Jones, M.E. (1962). Ornithine Transcarbamylase. In Methods
in Enzymology (S.P. Colowick and N.O. Kaplan, eds.), vol.
S, p. 910, Academic Press, New York

Ceriotti. G. and Gazzaniga, A. (1967). Accelerated micro and
ultramicro procedure for ornithine carbamyltransferase (OCT)
determination. Clin. Chim. Acta 16, 436—439

Snodgrass, P.J. and Parry, D.J. (1969). The kinetics of orni-
thine carbamoyltransferase. J. Lab. Clin. Med. 73, 940-950
Pastra-Landis, S.C., Foote, J.. and Kantrowitz, E.R. (1981).
An improved colorimetric assay for aspartate and ornithine
transcarbamylases. Anal. Biochem. 118, 358-363

Gerok, W. (1960). Quantitative Bestimmung der freien und
gebunden Aminosauren in Blutserum durch Elutionschroma-
tographie an lonenaustauscheren. Klin. Wschr. 38, 1212-1217
Oepen, H. and Oepen, 1. (1965). Geschechts-spezifische kon-
zentrationsunterschiede der serum-amino sauren. Klin.
Wschr. 43, 211-216

Breuer, J., Kaese, G., and Breuer, H. (1968). Saulenchroma-
tographische Bestimmung von Aminosauren im Serum von
Normalpersonen sowie magenresezierten und gastrektomier-
ten Patienten vor und nach einer Probliemahlzeit. Z. Klin.
Chem. 6, 298-306

Armstrong, M.D. and Stave, U. (1973). A study of plasma free
amino acid levels, 1I. Normal values for children and adults.
Metabolism 22, 561-569

Banister. E.W., Rajendra, W., and Mutch, B.J.C. (1985). Am-
monia as an indicator of exercise stress. Implications of recent
findings to sports medicine. Sports Med. 2, 34-46

J. Nutr. Biochem., 1991, vol. 2, July 367



