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Summary. The development, advantages and disadvantages of using the amino
acid flooding dose technique to determine in vivo rates of protein synthesis are
examined in this review. A discussion of the use of this procedure in animals
greater than 5 kg is included. The flooding dose procedure reduces the disparity
between isotope enrichment in different amino acid precursor pools, which
should theoretically improve the precision and accuracy of protein synthesis
measurements. However, the possibility must be considered that the large doses
of amino acids injected or infused in conjunction with this technique may
influence protein turnover due to attendant metabolic effects. Therefore, a
judicious choice of an amino acid and an evaluation of the experimental parame-
ters involved in this procedure are required to optimize the accuracy of results
obtained.
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Introduction

Many researchers in the past two decades have sought to measure rates of
protein synthesis in various tissues and to elucidate how those rates are influ-
enced by factors such as nutrition (Reeds and Fuller, 1983), age (Attaix et al.,
1988a), environment (Scott et al., 1992), physiological state (Baracos et al., 1991)
and hormones (Early et al., 1990; Preedy and Garlick, 1986). To that end,
methods have been developed to determine rates of protein turnover, and
especially of protein synthesis. Continuous infusion (Garlick et al., 1973; Water-
low, Garlick and Millward, 1978) or flooding dose (Garlick et al., 1980) of a
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tracer amino acid are two of the most widely used techniques for determining
rates of protein synthesis in tissues. In both, a tracer amino acid (labelled with
either a radioactive or stable isotope) is used to monitor the incorporation of
precursor (amino acid) into product (individual or heterogeneous mixtures of
intracellular proteins). Primarily for safety reasons, the use of amino acids
labelled with stable isotopes such as **N and '3C has been gaining popularity
(Millward et al., 1982; Rennie et al., 1982; Yang et al,, 1984; Ford et al., 1985;
Krishnamurti and Schaefer, 1987).

Since its development for work with laboratory animals (McNurlan et al,,
1979; Garlick et al., 1980), the flooding dose technique has been adapted for use
in a variety of species, including small domestic animals (Attaix et al., 1986) and
man (Garlick et al., 1989). However, indiscriminate use of the method without
thoroughly considering its ramifications may be imprudent. Therefore, this
review will focus on the assumptions and limitations involved in the use of the
flooding dose technique, particularly with large animals.

Methodology

The flux through the free amino acid pool includes inputs of amino acids from
digestion and proteolysis and outputs to protein synthesis and cellular oxida-
tion. There is a dynamic turnover of the protein-bound amino acid pool as well
as the free pool (Fig. 1). Output of amino acids to protein synthesis is usually
estimated from the rate of incorporation of a tracer amino acid into cellular
protein.

The flooding dose technique was developed to avoid the necessity of approxi-
mating the specific radioactivity (SRA; or 9, enrichment in the case of stable
isotopes) of the labelled amino acid in the true precursor pool for protein
synthesis, the aminoacyl-tRNA. This is usually estimated from the SRA of the
label in the extracellular (plasma) or the intracellular free amino acid pools. With
the continuous infusion method, dilution of label with unlabelled amino acids
from proteolysis usually results in a lower SRA in the intracellular pool com-
pared with plasma. Controversy therefore exists as to whether the aminoacyl-
tRNA SRA is closer to that of the extracellular or intracellular pool (Airhart et
al., 1974; Khairallah and Mortimore, 1976; Martin et al., 1977; McKee et al.,
1978; Rannels et al., 1982). This disparity between the SRA of different precursor
pools can be seen in results from experiments with large animals, summarized
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in Table 1. The SRA of label in the intracellular pool is shown as a percentage of
the extracellular pool SRA.

With the flooding dose technique, a large amount of unlabelled amino acid
is injected along with the tracer in order to rapidly equilibrate all free amino
acid pools. Theoretically, this results in a convergence of the tracer amino acid
SRA in the extracellular and intracellular free amino acid pools. The actual
extent of flooding in various tissues following administration of an amino acid
flooding dose to subjects weighing over 5 kg is shown in Table 2. If the flooding
dose is sufficient, the SRA of tracer in the precursor pool will not decline
appreciably over the short period in which incorporation of label into protein
is measured (Fig. 2). This simplifies estimation of the fractional synthesis rate
(FSR) of protein in tissue, which is calculated using a two-pool model, according
to the following equation (McNurlan et al., 1979):

ko= Sp/(S4°1)

where kg is the FSR of protein (%/day), Sy is the SRA of the product (protein-
bound amino acid pool), S, is the average SRA of the precursor (free amino acid
or aminoacyl-tRNA pool) between times ¢, and ¢, and ¢ is the actual time of
incorporation in days.

Following the flooding dose injection, groups of animals are sacrificed at
specific times post-injection to determine the SRA of the tracer in the precursor
and product pools. Over the experimental period, the SRA of the protein-bound
amino acid will rise in a linear fashion (Attaix et al., 1986). The slope is dependent
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Fig. 2. Time courses for free and protein-bound valine specific radioactivities in tissues of
one-week-old lambs after a flooding dose injection of 12.8 mmol of [ *H] valine/5 kg body
wt. The arrow indicates the injected specific radioactivity. Free valine specific radioactivity
was measured in the plasma (o), the tensor fasciae latac muscle (¢) and the jejunum (a).
Protein-bound valine specific radioactivity is shown for the tensor fasciae latae muscle (e)
and the jejunum (m). Each point is the mean value for 3 to 9 lambs. (From Attaix et al., 1986)
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on the FSR of protein in the tissue. For example, intestinal tissue, which has a
rapid turnover rate, will have a steeper slope than muscle, which has a slow
turnover rate.

Under ideal circumstances, it should be possible to extrapolate the SRA of
tracer in the extracellular and intracellular free amino acid pools back to that
of the injection, and to extrapolate the SRA of tracer in the protein-bound amino
acid pool back to zero. However, this is usually not the case in actual experi-
ments, possibly due to a lag in the equilibration of the precursor pools. Recent
experiments with rabbit cardiac muscle have shown that following a flooding
dose of leucine, there may be a delay in the equilibration of leucyl-tRNA, but
not intracellular free leucine, with the plasma free leucine pool (Robinson and
Samarel, 1990). This delay in equilibration brings into question a fundamental
assumption of the flooding dose technique, which is that immediate equilibration
occurs between all free amino acid pools and the aminoacyl-tRNA pool, thus
removing doubt about the SRA of the precursor pool. Few experiments compare
the SRA of the putative precursor pool(s) to that of the aminoacyl-tRNA, mainly
due to technical difficulties. Specifically, the tissue concentration of aminoacyl-
tRNA is low (Airhart et al., 1974; Samarel, 1991) and its half-life is only a few
seconds (Airhart et al., 1974; Martin et al., 1977), requiring rapid freezing and/or
homogenization of tissues.

In experiments where the SRA of an aminoacyl-tRNA was determined, it
was usually found to be intermediate to those of the extracellular and intra-
cellular free amino acid pools following a single injection (Airhart et al., 1974;
Khairallah et al., 1977; Martin et al., 1977; Ferrara et al., 1977, Lundholm
et al., 1991), perfusion (Khairallah and Mortimore, 1976; McKee et al., 1978,
Watkins and Rannels, 1980) or a primed continuous infusion of tracer (Watt et
al., 1991). However, Everett et al. (1981) showed that the SRA of all three pools
were equal in rat heart tissue following a 1 hour continuous infusion of leucine
and Parmacek et al. (1986) demonstrated that the SRA of rabbit heart tRNA
equalled that of plasma following a 2 hour continuous infusion of leucine.
Possibly, cardiac tissue equilibrates more rapidly in vivo than other tissues.

Various interpretations of the disparity between the SRA of the aminoacyl-
tRNA and the intracellular and extracellular free amino acid pools have been
expounded. Khairallah and Mortimore (1976) suggested that the intracellular
pool is compartmentalized, and proposed a model for the compartmentation of
intracellular valine in perfused rat liver comprising three pools. The first pool,
identified as a small precursor pool, exchanges with both the extracellular pool
and a second large intracellular pool. A third pool, derived from proteolysis,
feeds into the second pool but does not mix with it. This model accounts for
their observation that the rise in the intracellular valine SRA is slower than that
of the aminoacyl-tRNA.

Alternatively, tRNA may be charged from both the extracellular and intra-
cellular free amino acid pools. Based on results from rat liver protein synthesis
in vivo, Airhart et al. (1974) advanced a model for tRNA charging from a labile
valine pool within the plasma membrane. Both the extracellular and intracellular
pools contribute to the membrane pool, resulting in a valyl-tRNA with a SRA
intermediate to the two.
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A third model, proposed by Khairallah et al. (1977), incorporates features of
both mentioned above. Instead of tRNA charging from a small intracellular pool
near transportation sites, they postulated that the precursor pool was located
in the plasma membrane. Consequently, only amino acids en route through the
membrane, regardless of direction of flow, could be activated by aminoacyl-
tRNA synthetases. The membrane pool could exchange with the extracellular
pool and a large intracellular pool. This model also permits estimation of the
protein degradation rate, by assuming that amino acids released by degradation
feed directly into the large intracellular pool.

Another possibility is that tRNA itself may be compartmentalized between
the cytosol and organelles such as the mitochondria and nuclei (Martin et
al,, 1977, Samarel, 1991). There may be a pool of tRNA charged from the
extracellular pool and another charged from one or more intracellular pools
(Airhart et al., 1974).

Several authors have theorized that whether tRNA was charged from a
compartmentalized intracellular pool or from both the intracellular and ex-
tracellular pools, differences in SRA between them could be overcome by ex-
panding the free amino acid pool with a large dose of unlabelled amino acid.
Experimental results from perfusions of liver (Mortimore et al,, 1972), heart
(McKee et al.,, 1978), and lung (Watkins and Rannels, 1980) which showed that
raising the perfusate amino acid concentration resulted in an equilibration of
the extracellular, intracellular, and tRNA SRA support this hypothesis.

Selection of an amino acid
Metabolic effects of amino acids

The criteria for choosing an amino acid tracer for protein turnover studies have
been reviewed by Waterlow, Garlick and Millward (1978). Briefly, these criteria
include the requirements that (1) the tracer amino acid is essential; (2) the
metabolism of the amino acid is relatively uncomplicated without reversible
biochemical reactions that would confound the measurement of isotope enrich-
ment; (3) neither the amino acid tracee itself nor its metabolic by-products should
affect protein turnover; and (4) the tracer should be simple to analyze, have a
small pool size, be inexpensive and readily available. We suggest that an addi-
tional requirement should be included when the flooding dose technique is used.
Namely, that pharmacological levels of an amino acid tracee should not produce
any metabolic effects that could alter protein synthesis or degradation. Evidence
presented in the previous section suggests that either an injection (seconds to
minutes) or an infusion (hours) of an amino acid flooding dose is successful in
reducing the disparity in tracer SRA or enrichment between different precursor
pools. Undoubtedly, this has been an important factor in the extensive adoption
of the flooding dose technique to measure the FSR of protein.

Four amino acids have been widely used with the flooding dose technique,
including leucine (Schaefer et al., 1986; Okita et al., 1988; Dorup and Clausen,
1989; Early et al., 1989; Garlick et al., 1989; Irvine et al., 1990), valine (Attaix
et al., 1986; Attaix et al., 1988a, 1988b; Sayegh and Lajtha, 1989) and tyrosine
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(Morgan et al., 1989; Funabiki et al., 1990). Phenylalanine appears to be by
far the most popular choice, especially in small animals (Holt et al., 1990;
MacLennan and Edwards, 1990; Muramatsu et al., 1990; Preedy and Peters,
1989, 1990; Preedy et al., 1990a, 1990b). Phenylalanine was chosen for many of
these experiments due to its essential biochemical requirement in mammals, its
reasonably uncomplicated, non-reversible metabolism, its comparatively low
expense, and its ease of analytical quantification.

Elevating concentrations of various amino acids in the body fluid compart-
ment, including those mentioned above, can jeopardize metabolic homeostasis.
For example, with inborn errors of metabolism such as phenylketonuria and
maple sugar disease, plasma concentrations of phenylalanine and leucine, re-
spectively, are raised by degrees of magnitude (Rodwell et al., 1985). Other amino
acids are reported to regulate metabolic events such as protein metabolism,
including glutamine (MacLennan et al., 1988; Hammarqvist et al., 1989; Mill-
ward, 1990; Vinnars et al., 1990; Wu and Thompson, 1990) and tryptophane
(Thibault and Roberge, 1987; Thibault and Roberge, 1988; Lin et al., 1988).

The use of branched-chain amino acids (BCAA), especially leucine, for
estimating protein synthesis is controversial because they can have substantial
effects on protein turnover (Young et al., 1989; Mitch and Clark, 1984; Morgan
and Chua, 1984; Harper et al., 1984). Reported effects include altering muscle
tissue sensitivity to insulin (Garlick and Grant, 1988), improving nitrogen bal-
ance (Hasselgren et al., 1988; Okita et al., 1988), increasing the FSR of protein
in tissue, and reducing protein degradation (Smith, 1985; Trenkle, 1986; Garlick
et al., 1988; Smith et al., 1992). On the other hand, several studies have failed to
demonstrate a stimulation of protein synthesis by BCAA (McNurlan et al., 1982,
1991; Gibson et al., 1985; Morrison et al.,, 1988; Hammarqvist et al., 1988).
Inconsistent metabolic effects have been reported for leucine, including changes
in plasma concentrations of amino acids (Schaefer et al., 1986; Papet et al., 1988a,
1989), but not in concentrations of metabolites such as glucose, glucagon, and
cortisol (Attaix et al., 1987; Papet et al., 1988b, 1989) nor in baseline physiological
parameters (Schaefer et al., 1986). Leucine is also reported to either increase
(McNurlan et al,, 1982; Lobley et al., 1990a) or not affect (Attaix et al., 1987,
Papet et al., 1989) insulin levels. Differences in nutritional state and tissue
responsiveness to amino acid concentrations likely account for some of these
discrepancies (Schaefer et al.,, 1986). In addition, species differences in tissue
sensitivity to BCAA may account for some of these apparent contradictions
(Early et al., 1989).

Misgivings about the possible effects of a leucine flooding dose on protein
turnover likely led to its replacement by phenylalanine (McNurlan et al., 1979;
Garlick et al., 1980). The use of phenylalanine in the flooding dose technique has
been widely adopted for several species, including large animals such as sheep
(Southorn et al., 1991). However, a phenylalanine flooding dose can have meta-
bolic effects during or shortly following an injection. In rats, these effects in-
cluded reduced plasma sodium and calcium concentrations and elevated crea-
tine kinase concentrations by 10 minutes post-injection (Preedy et al., 1990a). In
sheep, elevated plasma insulin levels were observed immediately following a
flooding injection of phenylalanine (Lobley et al., 1990a; Southorn et al., 1991).
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It could be argued that these effects may either directly or indirectly alter protein
turnover.

Valine was chosen by Attaix et al. (1986, 1987) for use of the flooding dose
technique in lambs due to its lack of attendant metabolic effects. Lobley et al.
(1990a) have also suggested valine as the preferable amino acid for flooding doses
in sheep since it does not affect insulin secretion. However, recent work in our
lab with sheep showed that a flooding infusion of valine (4 g/hour for 8 hours)
eventually brought about changes in plasma aminograms (Schaefer et al., 1991).
Plasma concentrations of threonine, phenylalanine, tryptophane and lysine were
reduced while those of histidine and isoleucine were elevated.

Even though amino acid flooding injections and infusions have been shown
to have metabolic effects, it is possible that, given the short time over which they

Table 1. A comparison of tissue intracellular and extracellalar (plasma) presursor pool
specific activity using the continuous infusion method in animals having a body mass greater

than 5 kg
Isotope
Method Reference Species and mass  Isotope  Tissue  enrichment®
Continuous  Lobley et al. cattle 3H tyr muscle 89%
infusion {1980) 236-628 kg *Hleu liver 35%
(8 h) GIT 49%
Continuous  Early et al. cattle H phe  muscle 24%,
infusion (1990) 273 kg 4 h) liver 23%
rumen 11%
heart 549
Continuous Scott calves H phe  muscle 69-77%
infusion (1991) ~65kg (8 h) liver 54-60%
rumen 54-56%
heart 69-82%;
Continuous  Davis et al. lambs *H leu muscle 28-73%
infusion (1981) 16 kg (7 h) liver 15-399;
rumen 14-18%
heart 36619
Continuous  Schaefer et al. sheep *H leu muscle 70%
infusion (1986) 58 kg (8 h) liver 27%
rumen 50%
heart 80%
Continuous  Baracos et al. goats *H phe  muscle 62%,
infusion (1991) 51-53 kg (8 h) liver 40%,
rumen 59%
heart 629
Primed Smith et al. man 13Cval  muscle ~75%
continuous (1992) 69 kg (6 h)
infusion

! Data either reported in or calculated from the above studies is expressed as the intra-
cellular free amino acid specific activity as a percentage of the extracellular (plasma) free
amino acid activity for control animals.
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are administered (from minutes to hours), protein synthesis will not be affected.
However, it is also conceivable that amino acid flooding, if continued for
sufficient time and at a sufficient concentration, would have some metabolic
effects including alterations in protein turnover.

Choice of an amino acid

In view of the foregoing discussion, the optimal choice of an amino acid tracer
and tracee for use in a flooding dose procedure is not immediately evident.
Metabolic effects notwithstanding, the ability of the amino acid to reduce the
disparity in precursor pool enrichment should be a primary consideration, and
should be validated with a comparison of the enrichment in the intracellular and
extracellular pools to that of the tRNA pool. Obled et al. (1989) compared the
rates of whole body protein synthesis in rats obtained with flooding doses and
continuous infusions of five amino acids. When threonine and lysine were used,
the flooding dose technique was found to yield estimates of whole body rates of
protein synthesis similar to those obtained with the continuous infusion method.
However, when leucine was used, values obtained with the flooding dose tech-
nique were intermediate to the minimum and maximum estimates calculated
from the SRA of the extracellular and intracellular free amino acid pools,
respectively, following a continuous infusion. They hypothesized that the rela-
tionship between the SRA of the tRNA pool and the intracellular and ex-
tracellular free amino acid pools will vary depending on the amino acid used,
mainly because of the size of the intracellular pool and the heterogeneity of
intracellular protein.

Use of the flooding dose technique in mammals larger than 5 kg

Attaix and co-workers (Attaix et al., 1986, 1988a, 1988b; Attaix and Arnal, 1987)
have used the flooding dose technique to determine the FSR of protein in tissues
from lambs weighing up to 21 kg. However, certain factors may preclude its use
in larger subjects. A serious concern is the volume of injectate administered. For
small laboratory animals, most researchers follow the guidelines set out by
McNurlan et al. (1979) and Garlick et al. (1980) regarding the amino acid dose,
i.e., about 10 pCi and 100 umol/100 g body weight for leucine and 50 uCi and
150 umol/100 g body weight for phenylalanine in a volume of 1 ml. If these doses
are extrapolated to a 70 kg subject, 7 mCi and 70 mmol of leucine in a volume
of 700 ml or 35 mCi and 105 mmol of phenylalanine in a volume of 700 ml would
be required in an injection.

Studies with subjects weighing more than 20 kg have generally used
doses and volumes less than those extrapolated above. For studies with
humans, Garlick et al. (1989) used a flooding dose of 26.7 mmol (3.5 g) of
[1-13C]leucine/70 kg in a volume of 175 ml and injected it over 4 minutes. Using
a similar technique to study protein synthesis in humans with cancer, Heys et
al. (1991) used a flooding dose of 24.4 mmol (3.2 g) of [1-*C]leucine/70 kg in a
volume of 200 ml, which was injected over 10 minutes. For lambs averaging
about 21 kg, Attaix et al. (1988a; 1989) used a dose equivalent to 62 mmol and
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Table 2. A comparison of tissue intracellular and extracellular (plasma) presursor pool
specific activity using a flooding dose method in animals having a body mass greater than

5kg
Species Isotope
Method Reference and mass Isotope Tissue  enrichment’
Flooding  Attaix et al. lamb 3H val muscle >89%
dose (1986) Skg 12.8 mmol/5 kg liver >81Y9,
(0.4 min) jejunum >77%
Flooding  Schaefer et al. sheep ’H leu muscle 93%
dose (1986) 58 kg 22.8 mmol/h liver 95%
(8 h) rumen 809,
heart 1009,
Flooding  Attaix et al. lambs *H val pancreas > 67%2
dose (1989) 21 kg 12.8 mmol/5 kg%7®
(2.8 min)
Flooding  Lobley et al. lambs 13C leu muscle 100%;
dose (1990b) 45 kg 0.85 mmol/kg
(10 min)
Flooding  Southorn et al. lambs *H phe liver 75%
dose (1991) 33 kg 1.5 mmol/kg small 75%
(12 min) intestine
Flooding  Garlick et al. man 3Cleu
dose (1989) 67-88 kg 0.38 mmol/kg muscle >90%
(4 min)
Flooding  Smith et al. man HCleu muscle ~78%
dose (1992) 69 kg 0.38 mmol/kg
(10 min)

! Data either reported in or calculated from the above studies is expressed as the intra-
cellular free amino acid specific activity as a percentage of the extracellular (plasma) free
amino acid activity for control animals.

> Tissue homogenate specific activity is expressed as a percentage of the injected specific
activity. This value is the lowest percentage observed in sixteen tissues, including the viscera

(gastrointestinal tract, liver), skin, skeletal muscles and the viscera-free carcass (D. Attaix,
personal communication).

13 mCi of [ *H] valine/70 kg in a volume of 84 ml, which took about 2.8 minutes
to inject. For slightly heavier lambs (33 kg), Southorn et al. (1991) used a dose
comparable to 105 mmol and 2.3 mCi of [ *H]phenylalanine/70 kg in a volume
of 300 ml (B. G. Southorn, personal communication), and injected it over 12
minutes. With these sizable volumes, it is impossible to instantaneously inject
the tracer. This results in uncertainty about the definition of zero time and,
consequently, calculation of a positive intercept for the protein-bound tracer
SRA. Attaix et al. (1986) addressed this problem by subtracting the protein-
bound SRA at zero time from each experimental time point. To avoid many of
these complications associated with injecting large volumes of tracee, Schaefer
et al. (1986) elected to use an amino acid flooding infusion rather than a flooding
injection in mature sheep (57 kg). An infusion of 22.8 mmol of leucine/hour
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was optimal with respect to reducing the disparity between intracellular and
extracellular (plasma) precursor pool amino acid SRA in liver, skeletal muscle
and heart, but not rumen, tissues.

The solubility of the amino acid chosen also plays a role in determining the
injection volume. For example, an amino acid with a low solubility will require
a larger injection volume, which will in turn prolong the injection. Valine, which
has a solubility of 83.4 g/l at 0°C, is about four times more soluble than leucine
and phenylalanine.

A further consideration with use of the flooding dose technique in large
subjects is the protracted sampling time. With large domestic animals in particu-
lar, it is difficult to humanely sacrifice them and sample tissues quickly. Any
delay in the time between slaughter and freezing the tissues can result in an
erroneous calculation of the FSR of protein. Accurate calculation of protein
synthesis depends on maintenance of a plateau SRA in the precursor pool. If
tissue sampling takes too long and the precursor SRA drops, the FSR of protein
will be overestimated. Baracos et al. (1991) addressed this problem following a
continuous infusion of phenylalanine in goats by rapidly removing whole limbs
from anesthetized animals and immediately freezing them in liquid nitrogen.

In addition to the theoretical reasons discussed above, use of the flooding
dose technique in large animals may be precluded by the practical aspect of cost.
The amount of label that is required to adequately flood all tissue pools may be
prohibitively expensive. In addition, except for studies with humans, subjects are
usually sacrificed at short intervals. This is extremely costly for experiments with
large domestic animals because the commercial value of the carcass cannot be
recovered.

Conclusions

The amino acid flooding dose technique for measuring protein synthesis reduces
the disparity among isotope enrichment in the precursor pools. Theoretically,
this should allow a more precise and accurate estimation of tissue protein
synthesis rates and thus be a valuable tool to biological sciences. However,
controversy continues to surround the use of this technique. First is the debate
whether or not the large dose of unlabelled tracee amino acid employed in this
procedure can directly or indirectly affect protein turnover (see McNurlan et al.,
1991 vs. Smith et al., 1992). Second is the question whether there is even evidence
to confirm that the tracer isotope enrichment in the intracellular and extra-
cellular free amino acid pools actually equals that of tRNA (see Watt et al., 1991).
Finally, no consensus exists regarding the choice of an optimal amino acid
tracer-tracee. Currently, empirical evidence suggests that with smaller mammals
(< 5 kg) an intraperitoneal injection of phenylalanine (40 xCi and 150 gmol/100
g body weight) is the most accepted flooding dose method for estimating rates
of protein synthesis. Certainly, intraperitoneal injections overcome the need to
restrain or immobilize an animal, which is advantageous since restraint in itself
is reputed to alter protein synthetic rates (Preedy and Garlick, 1984). Alterna-
tively, with larger animals (> 5 kg), one logical conclusion from the foregoing
discussion would be that a valine infusion in the order of 600—700 pmol/hour/kg,
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given over minutes or hours with sufficient label consistent with the sensitivity
of available analytical techniques, would be a reasonable experimental guideline.

In terms of methodological approaches to measuring protein synthesis, there
have been few developments in recent years that have been as interesting
to follow as the literature relating to the use of amino acid flooding doses. It
must be kept in mind, however, that the use of the flooding dose technique in
general, and its use with large animals in particular, is still a comparatively
novel technique, despite over ten years of application. Further validation of this
procedure will depend on research aimed specifically at assessing the disparity
among precursor pool isotope enrichment compared to that of the tRNA bench-
mark.
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