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Abstract— Constant infusion is a method used for measuring protein synthesis rate in living object which uses low
concentration of amino acid tracers. Flooding dose method is another technique used to measure the rate of protein synthesis which
uses labelled amino acid together with large amount of unlabelled amino acid. The latter method was firstly developed to solve the
problem in determination of precursor pool arise from constant infusion method. The objective of this writing is to compare the results
from several researches on measuring protein synthesis rate using flooding dose and constant infusion methods and to obtain the
criteria or prerequisite on the type of sample and tracer for each method. The measurements of protein synthesis rate using both
methods are presented and results from both methods are compared. Both methods are eligible for measuring protein synthesis rate as
long as the true precursor can be measured. The uncertainties in determining the precursor in constant infusion method and the effect
of flooding on the stimulation of protein are the limitation on using the two methods. Bolus injection which imitates the flooding dose
method but using smaller dose of tracer can be a good alternative in measuring protein synthesis rate.
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I. INTRODUCTION

Proteins are synthesized by incorporating amino acids in
special order which is determined by the genes. This order
will determine the structure and the function of the proteins.
Proteins are constantly being synthesized and broken down.
Assessing the rate of protein synthesis is important in many
ways. The rate of protein synthesis, together with the rate of
protein breakdown, gives information about growth or
recovery of tissue mass after disease or injury. Understanding
protein synthesis will help people to minimise muscle wasting,
slow the rate of ageing, quicken wound healing, minimise the
impact of trauma, etc. There are some proteins which seem to
have effect on the increase of protein synthesis rate which
allows us to formulate diet for specific cases.

Protein synthesis is usually assumed as a zero order
process which can be calculated in terms of a fractional
synthetic rate (FSR). FSR of protein is the proportion of the
total protein pool which is added per unit of time [1]. When a
particular amino acid tracer is used, FSR of protein usually be
expressed in amounts of amino acid incorporated to the
protein per tissue mass per unit of time. Therefore, to
calculate the rate of protein synthesis researchers need to
measure the amount of protein-bound amino acid and the
amount of precursor (amino acid) for protein synthesis.

The measurement of protein-bound amino acid is quite
straight forward. On the other hand the measurement of
precursor amino acid presents a practical problem. The true
precursor pool for protein synthesis is aminoacyl t-RNA [2].
However, the measurement of this molecule is difficult
because it is present in low concentration within tissues [3]

and performs high turnover [2]. Instead, free amino acid in
the tissue fluid (intracellular) or free amino acid in the plasma
(extracellular) is measured. These intra or extracellular free
amino acid is used as precursor pool of protein synthesis with
assumption that the enrichment of these precursors are at
equilibrium with enrichment of aminoacyl tRNA as the true
precursor [2].

There are two methods which widely used to measure the
rate of protein synthesis: flooding dose method and constant
infusion or trace dose method. These methods differ in the
approach of measuring the precursor pool. Constant infusion
method uses trace dose of amino acid tracer which is
constantly infused to the tissue or cells for several hours [4-
11]. The plateau level of precursor is normally achieved after
few hours of infusion. On the other hand, in flooding dose
method, measurement of amino acid precursor is performed by
flooding the tissue or cells with labelled amino acid together
with abundant unlabelled amino acid [12-19]. The plateau
level of precursor normally achieve soon after flooding. The
discrepancies of FSR of proteins measured using these two
methods show that there might be some condition to be
understood before performing the experiment using either
method. There are several factors that may lead to these
discrepancies including types of sample, isotopes, and type of
amino acid tracer. The objective of this writing is to compare
the results from several researches on measuring protein
synthesis rate using constant infusion and flooding dose
methods.



II. MATERIAL AND METHODS

This writing is based on the information from references in
the sciencedirect.com using keywords prosein synthesis rate
using constant infusion and flooding dose. In general the
measurement of protein synthesis rate need:

A. Isotopes

The isotopes which have been used in this experiment are
’H,0, L-[U-"*C] proline, L-[1-"*C] valine, *C- valine, L-*H-
leucine, [*Hs]leucine, L-[1-"C]leucine, ['’N]glycine, L-
[ring’H,]tyrosine, ['*N]-tyrosine, '‘C-tyrosine, *H-tyrosine, L-
[*Hs] phenylalanine, L-phenyl(2,3-*H)alanine, *H
phenylalanine, '*C phenylalanine, L-'°N-phenylalanine, and
L-[ring-"*C¢]-phenylalanine

B. Subjects

Varies of subjects have been included in the study: rats,
fish, dog, caco-2 cells, healthy human, young human, elderly,
cancer patients, and COPD patients.

C. Study Protocols

The study protocols strongly depend on the treatment
applied and focus of the research. For example in the study of

muscle protein synthesis, the muscle biopsy is taken while the
study of plasma protein synthesis, the blood sample is taken.
However, the general protocol for flooding dose method and
constant infusion method are shown in Figure 1 and 2 below.

D. Sample Processing and Analysis

The samples are immediately processed or frozen to stop
or at least to minimise the changes that might occur in the
samples.  The isotopic enrichment of free amino acid
precursor can be done using GC-MS or by spectrofotometry.
Separate protocol is needed for every type of amino acid
analysis. Protein-bound amino acid enrichment is done by
similar methods to free amino acid precursor. This can be
done with or without previously being hydrolised into its
amino acids units. In constant infusion method, the amino
acid precursor mostly is considered to be in the tissue fluid,
while in flooding dose the precursor can be taken from either
blood sample or tissue fluid. The calculation of protein
fractional synthesis rate (FSR) is shown in eq.(1).

Infusion of amino acid tracer

T=0 t=1h t=2h t=3h t=4h t=n hours
Blood sampling X X X X
Tissue sampling X
Animal killing X
Fig 1. General study design for constant infusion method.
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Fig. 2. General study design for flooding dose method



FSR (%/day) =
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Ey; is Enrichment of protein-bound amino acid at t;

Ey, is Enrichment of protein-bound amino acid at t,

Ey, - Ep; denotes the amount of amino acid that accumulates
in the protein during the course of an experiment.

E, is the average of enrichment of free amino acid precursor
from t;to t.

t;and t; are time (in hours).

In constant infusion method, this can be seen clearly from
which the samples are taken. In flooding dose, t; is the
injection time while t, is the time when protein sample is taken
to be immediately processed or the time when the sample is
frozen.

III. RESULT AND DISCUSSION

The determination of in vivo synthesis of protein is safely
possible, even in human, using infusion of amino acid tracer
labelled with stable isotopes. In animal or culture cell, the
determination of in vivo synthesis can be performed using
amino acid tracer labelled with radioactive. The use of
radioactive or stable isotopes labelling is intended to trace the
appearance of amino acid in the product (protein). The
measurement of the appearance of the trace in the product can
be performed at the end of experiment. As protein is being
synthesized and degraded constantly in living cells, the
measurement must not be taken in a long time as the protein
might have undergone degradation and the amino acid turn
back to the precursor pool. Furthermore, the amino acid in
the tissue being studied must not have pathway other than
being incorporated to the new protein.

There is one experiment using constant infusion method
which have a very long term infusion up to 16 hours [7]
during which proteolysis already occurred and underestimate
the rate of protein synthesis. Many experiments using
constant infusion method used period of infusion of 4 to 6
hours and plateau levels were achieved at the end of the
infusion. Everett et al. [4] showed that the equilibrium
between intracellular compartment and plasma was achieved
only in 2 hours after constant infusion (Figure 3). As seen in
Figure 3 below, the enrichment of tissue free pool was
approximately 80% that of plasma. This showed that although
plateau in the plasma enrichment has been achieved, the value
for tissue free pool is still lower than that of plasma. This lead
to uncertainties associated with the assignment of the
enrichment of the true precursor pool when experiment is
performed using constant infusion method.

The flooding dose method aims to equalize the isotopic
enrichment in all free amino acid pools, thus simplifying the
measurement of precursor enrichment [20]. In this technique,
true constancy of enrichment over a short period of
measurement is not achieved but it is relatively easy to make
estimates the rate of change of the enrichment in the free pool
from plasma measurement [1]. As shown in Figure 4 and 5
below, the enrichment of intracellular free pool (imitating the
tissue free pool) and extracellular free pool (imitating the

plasma free pool) reached plateau only after 30 minutes of
flooding.
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Fig. 3. Specific radioactivity of tyrosine in arterial plasma (A),

venous plasma (e) and tissue free pool (m) during constant infusion
in the dog [4]
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Fig.4. Time course of the change in specific activity of intracellular
free phenylalanine in Caco-2 cells after flooding with
[ring2,4°H]phenylalanine; values came from a single measurement
[21]
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Fig. 5. Time course of the change in specific activity of extracellular
free phenylalanine in Caco-2 cells after flooding with
[ring2,4°H]phenylalanine; values came from a single measurement
[21]

The comparison of FSR of protein measured using
flooding dose method and constant infusion method is found
to be difficult to make. This is due to the limitation on finding
the reference on measuring FSR of protein on exactly the
same sample and amino acid tracer but using different method.
As shown in Table 1 below, experiment on measuring FSR of



TABLE I
FSR OF PROTEIN FROM SEVERAL SAMPLES MEASURED USING FLOODING DOSE AND CONSTANT INFUSION

Method Sample Tracer FSR (%/day) Reference
CI Fish muscle “C L tyrosine 0.6-18 [5]
FD Cat fish muscle °H alanine 0.96 [17]
FD Toadfish muscle e phenylalanine 0.2-0.23 [12]
CI Human skeletal muscle ’H; phenylalanine 2.64 —2.88 [9]
CI Human skeletal muscle [ring-"*Cg]-phenylalanine 1.92 [11]
CI Human skeletal muscle L-[ring-sz]-phenylalanine 1.58 [22]
FD Human enterocyte BC-valine 10.9+8.1 [15]
CI Human enterocyte phenylalanine 50-100 [23]

CI : Constant Infusion; FD : Flooding Dose

protein in human skeletal muscle all were performed using
constant infusion method. None is found to be performed
using flooding dose method. Furthermore, experiments on
measuring FSR of protein in human enterocytes were found to
be performed using both methods but using different tracer.
The best comparison can be made if the type of the sample as
well as the amino acid tracer is the same. In the present time,
this is only available on experiment done by Jahoor et al [24].
Similar experiment was done by Tuvdendorj et al [22] who
performed bolus injection, a protocol similar to flooding dose
but using smaller dose.

Jahoor et al. [24] initially showed that different isotopes of
leucine as tracers gave almost identical value on the FSR of
protein. The experiment on flooding dose and constant
infusion method hence could be performed using different
isotope of the same amino acid tracer. The FSR of protein
measured using flooding dose method gave markedly greater
value than that when using constant infusion method. In
contrast, the flooding of unlabelled amino acid at a time
during experiment using constant infusion method showed to
decrease the FSR of protein. This showed that constant
infusion method is not valid when a large amino acid (in case
of muscle the amino acid is leucine) is used in the experiment.

Stimulation of synthesis from flooding dose method seems
to occur only when using essential amino acid [1]. When the
use of amino acid essential can not be avoided, a bolus
injection which uses smaller dose than flooding dose method,
is a good choice. Tuvdendorj et al. [22] showed that FSR of
muscle protein synthesis in human using bolus injection and
constant infusion method gave almost identical results.

IV. CONCLUSION

Flooding dose and constant infusion methods are eligible
for measuring protein synthesis. However, the use of many
type of amino acid tracer on different types of samples in
many experiments leads to inability to compare the FSR of
protein using both methods. To our best knowledge, there is
only one experiment which compares the two methods. In this

experiment, flooding dose method gave markedly higher value
of FSR of protein than constant infusion method. The
uncertainties in determining the precursor in constant infusion
method and the effect of flooding on the stimulation of protein
are the limitation on using the two methods. Bolus injection
which imitates the flooding dose in the approach to measure
the precursor enrichment but using smaller dose of tracer can
be a good alternative in measuring protein synthesis rate.
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