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Insulin Responses to Administrations of Amino Acids and Fatty Acids in Healthy Cats
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ABSTRACT. In order to compare the stimulation ability of insulin secretion, we determined changes in plasma glucose and insulin concen-
trations after intravenous administration of various amino acids and essential fatty acids in clinically healthy adult cats.  Plasma glucose
concentrations were within the normal ranges after injection of amino acids and fatty acids.  Plasma insulin concentrations increased rap-
idly 2 to 4 min after injection of arginine, then decreased to the basal levels at 20 min in all five cats.  Insulin peak responses were sig-
nificantly greater in arginine injections than in normal saline (P<0.01).  Areas under the curve (AUC) of plasma insulin concentrations
from 0 to 10 min after injection of arginine were significantly larger than after injection of normal saline (P<0.01) and glucose (P<0.05).
Increases in AUC of plasma insulin concentration from 0 to 60 min were observed after injection of arginine, leucine, alanine, and fat
emulsion.  Arginine had a strong insulinotropic effect, and leucine, alanine, and fatty acids had weak ones.  Besides, valine, methionine,
taurine and glutamine had no stimulant activity of insulin.  Given the risk of glucose toxication and required time for testing, the intra-
venous arginine tolerance test may be useful for estimation of insulin responses in cats.
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Insulin response in cats has been estimated by intrave-
nous glucose tolerance test [1, 3, 16, 17].  High-dose infu-
sion of glucose, however, poses a great risk of developing
glucose toxication in cats with obesity or diabetes mellitus.
Because of the deficit of glucokinase, the glucose clearance
time is longer in cats than in humans [13, 21] and dogs [11,
22].  Therefore, the intravenous glucose burden is hard to
use to estimate insulin secretory property in cats with obe-
sity or diabetes mellitus.

Arginine is also known as one of the nutrients which
stimulates insulin secretion in humans [7, 9, 18], mouse [8,
10] and cattle [24].  Also in cats, arginine induced a secre-
tory response of insulin in perfused pancreas cells [5].  In
cats, insulin and glucagon responses were induced by high-
dose intravenous injection of arginine [12].  In other amino
acids, alanine and leucine reportedly induced insulin secre-
tion in mouse pancreatic -cells [8, 10].  Other than amino
acid, fatty acid induced a secretory response of insulin in
humans [9].  However, insulin secretory stimulation by
amino acids other than arginine and fatty acids has not been
examined in cats.  In consideration of previous studies [2,
9], the glucogenic amino acids (valine, methionine), the
essential amino acid only in cats (taurine) and a non-essen-
tial amino acid playing an important role in the energy
metabolism (glutamine) may have the possibility of stimu-
lating insulin secretion in cats.

To compare the insulin stimulation ability of these amino
acids and fatty acids in healthy cats, we determined changes

in plasma glucose and insulin concentrations after intrave-
nous administrations of various essential and non-essential
amino acids and essential fatty acids.

MATERIALS AND METHODS

Animals: Nine clinically healthy cats (five males and
four females) were used.  They were all mixed-breed, 3 to 7
years old in age, 2.5 to 5.4 kg in body weight, and 5 to 6 in
9-point scale body condition score (BCS) [6].  Animals had
been acclimated to the laboratory before the study, and han-
dled gently to eliminate any discomfort or stress.  The study
was conducted in a manner consistent with the Gifu Univer-
sity Guidelines for Animal Experimentation (Approved No.
08073).

Substances examined: Arginine, alanine, leucine, valine,
methionine, taurine and glutamine were used as amino acids.
A fat emulsion formulation for intravenous injection (20%
Intralipos, Otsuka Pharmaceutical Factory Inc., Tokushima,
Japan) was used as a fatty acid mixture.  The formulation
contains linoleic acid (53%), olenic acid (24%), palmitin
acid (12%), linolenic acid (7%) and stearin acid (4%).
Amino acids were dissolved with distilled water, and fil-
trated by a 0.20 m cellulose acetate filter sterilization sys-
tem (DISMIC-13cp, Advantec, Tokyo, Japan).  Solutions
prepared were administered intravenously to cats for 30 sec.
Doses of amino acids were designed to load up to 0.1 g argi-
nine/kg of body weight on a molar basis according to the
previous study [12].  As the negative and positive controls,
a normal saline (1 ml/kg of body weight) and 50% glucose
solution (1 ml/kg of body weight) were used, respectively.

Blood sampling: Blood samples after injection of normal
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saline and glucose solution were collected in three cats, and
other samples were collected in five cats.  After withdrawal
of food for 12 hr, fasting blood samples were collected from
the jugular or femoral veins with a needle syringe in friendly
cats.  In volatile cats, blood samples were collected via an
intravenous catheter placed more than 12 hr before the toler-
ance test.  The catheter was inserted into the jugular vain
under anesthesia by diazepam (Horizon, Astellas Pharma-
ceutical Inc., Tokyo, Japan) and ketamine hydrochloride
(Ketamine Injection, Fujita Pharmaceutical Inc., Tokyo,
Japan).  Blood collections were carried out immediately
before and 2, 4, 6, 8, 10, 20, 30, 45 and 60 min after injection
of the substance.  Plasmas separated were stored at –20C
until determination.

Determination methods: Plasma glucose concentration
was determined by a hexokinase enzyme method using a
dry-slide technology (Vet Test, Idexx Laboratories Inc.,
Tokyo, Japan).  Plasma insulin concentration was deter-
mined by a sandwich ELISA (Feline Insulin Measurement
Kit, Morinaga Institute of Biological Science Inc., Yoko-
hama, Japan) [15, 26].

Statistics: Differences were evaluated by multiple com-
parison test using Scheffe’s F test (Statcel-The Useful
Addin Forms on Excel.  2nd ed, OMS publishing, Tokyo,
Japan).  A P value below 0.05 was considered statistically
significant.

RESULTS

Figure 1 shows plasma glucose and insulin concentra-
tions after injection of normal saline and 50% glucose solu-
tion.  In saline, plasma glucose concentrations did not
change after injection.  Plasma insulin concentrations
increased slightly to 1.0 or 1.2 ng/ml from 4 to 20 min after
injection in 2 cats (Nos. 1 and 2), and did not alter in another
cat.  After injection of glucose, plasma glucose concentra-
tions increased rapidly, then decreased gradually with time.
Plasma glucose concentrations remained at higher levels of
166 to 229 mg/dl even 60 min after injection.  Plasma insu-
lin concentrations increased gradually to 2.4 to 3.7 ng/ml
until 45 or 60 min after injection.

Figure 2 indicates plasma glucose and insulin responses
after injection of arginin, alanine, leucine, fat emulsion solu-
tions, valine, methionine, taurine and glutamine.  After
injection of arginin, plasma glucose concentrations were
within the normal ranges.  Plasma insulin concentrations
elevated rapidly to higher levels at 2.7 to 7.3 ng/ml until 4
min after injection, then fell to the basal levels 20 min after
injection in all five cats.  After injection of alanine and leu-
cine, plasma glucose concentrations were within the normal
ranges.  Plasma insulin concentrations increased mildly and
at a slow rate.  Also in fat emulsion, plasma glucose concen-
trations were within the normal ranges, and increases in
plasma insulin concentrations were very small.  In valine,

Fig. 1. Plasma glucose and insulin concentrations after injection of saline and glucose.
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methionine, taurine and glutamine, plasma glucose concen-
trations were below 150 mg/dl after injections.  Temporary
mild increases in insulin secretion were observed in one or
two cats after injections of valine (No. 1), methionine (No.
4), taurine (No. 1), and glutamine (Nos. 1 and 5).

Table 1 shows basal plasma insulin concentration (I0),
insulin peak response (IPR), insulin peak time (IPT) and
area under the curve (AUC) of plasma insulin concentra-
tions.  The I0 levels were almost the same in all substances.
The IPR was considerably high in glucose and arginine, and
mildly higher in alanine and leucine.  The IPT was shorter in
arginine than in glucose, alanine, leucine and fat emulsion.
The AUC of plasma insulin concentration from 0 to 10
(AUC0–10) was larger in arginine than normal saline
(P<0.01) and glucose (P<0.05).  The AUC from 0 to 20 min
(AUC0–20) was larger in arginine than normal saline
(P<0.05).  The AUC from 0 to 60 min (AUC0–60) was larger
in glucose than normal saline (P<0.01), because of the later
increase in plasma insulin concentration.  Among amino
acids and fatty acids, AUC0–60 mildly enlarged in arginine,
leucine, alanine, and fat emulsion, but these evidenced no
significant difference.  The AUCs in valine, methionine,
taurine and glutamine were similar to that in saline.

DISCUSSION

Temporary mild increases in insulin secretion were
observed after injection of normal saline, valine, methion-
ine, taurine and glutamine in the present study.  In cats, it is
well known that stress elicits insulin secretion [20].  Alter-
ations in plasma insulin concentrations may be induced by
the stress of retention and needle puncture.  Thus, the alter-
ations may indicate no insulin responses after injection of
these substances.

A representative example of insulin release is thought to
be a mechanism of insulin release against glucose in human
as follows [2, 9]: glucose enters the pancreatic -cells
through the glucose transporter 2.  Then, glucose is trans-
duced to glucose-6-phosphate (G6P) by the rate-controlling
enzyme, glucokinase.  Adenosine triphosphate (ATP) is

produced from G6P by the glycolytic system.  In mitochon-
drias, ATP is also produced by the tricarboxylic acid cycle.
ATP/ADP rate elevates according to the increase in intracel-
lular ATP concentrations.  Next, the ATP-sensitive K+ chan-
nel (KATP channel) closed, thereby inducing depolarization
of the cell membrane.  On depolarization, the voltage-
dependent Ca++ channels (VDCC) open, and Ca++ flows into
the -cells.  Rapid increase of intracellular Ca++ concentra-
tion extricates insulin secretory granules into extracellular
fluid.  In the cat, the deficit of glucokinase involves a longer
glucose clearance time.

In the present study, insulin secretions increased signifi-
cantly after injection of arginine, and mildly after injection
of alanine, leucine and fat mixture emulsion.  The effect of
arginine in insulin secretion differs from that of glucose.
The mechanism of insulin stimulation by arginine was
thought to depolarize the -cell membrane, because of its
transport in the cell in a positively-charged form [4].  The
depolarization in turn activates VDCC, and Ca++ influx
ensues.  Therefore, arginine was thought to be able to
secrete a large amount of insulin in a short period of time.
The mechanism of insulin secretion by alanine is probably
due to the cotransport of alanine with Na+ in the pancreatic
-cells [19].  The small depolarization of cell membranes
augments slightly the Ca++ influx, while the increase in
intracellular Na+ influences Ca++ handling [10].  Leucine
largely enters the -cells through a Na+-independent trans-
port system, and is well metabolized.  According to the
depolarization of cell membranes, Ca++ flowed into the -
cells [10].  Moreover, the insulin-releasing action of fatty
acids reportedly depends more on the esterification or the
oxidation of fatty acids [14, 25], though the precise mecha-
nism has been unclear.

In cats, insulin secretions were stimulated after injection
of some amino acids and fatty acids.  There is a possibility
that a large amount of alanine or leucine secretes more insu-
lin.  However, solubilities of alanine and leucine in water are
15.8 g/100 ml and 2.38 g/100 ml at 20, much lower than that
of glucose (91 g/100 ml at 25C).  Consequently, the injec-
tion of these amino acids in a higher dose in a short time is

Table 1. Insulin responses to intravenous amino acid and fatty acid administrations in cats

I0 IPR IPT AUC0–10 AUC0–20 AUC0–60Substance n
(ng/ml) (ng/ml) (min) (ng/ml/10 min) (ng/ml/20 min) (ng/ml/60 min)

Saline 3 0.4  0.2 0.8  0.5 – 6.5  2.4 12.5  4.3 32.5  15.9
Glucose 3 0.3  0.2 3.0  0.7 50.0  8.7 11.0  4.9 27.7  10.5 129.7  34.3a)

Arginine 5 0.6  0.3 4.2  2.0a) 2.8  1.1 30.5  16.7a,c) 42.2  22.4b) 59.2  24.7
Alanine 5 0.5  0.3 1.5  0.6 17.0  19.5 10.0  3.1 18.9  6.7 52.9  35.5
Leucine 5 0.5  0.3 1.4  0.6 27.8  25.8 6.8  2.6 14.5  5.8 53.9  25.2
Fat emulsion 5 0.4  0.1 0.9  0.4 22.6  13.6 5.0  2.2 11.7  5.7 37.1  19.7
Valine 5 0.7  0.4 0.8  0.3 – 4.8  1.7 9.8  3.3 32.8  13.3
Methionine 5 0.4  0.2 0.8  0.5 – 4.8  1.8 9.1  3.3 25.1  8.5
Taurine 5 0.5  0.4 0.8  0.6 – 4.9  2.7 9.0  4.8 24.4  16.1
Glutamine 5 0.4  0.3 0.8  0.3 – 3.1  1.2 7.5  2.5 26.5  9.9

Data are expressed as mean  SD; n: number of cats; I0: basal plasma insulin concentration; IPR: insulin peak response; IPT: insulin peak
time; hyphen indicates no clear peak time. AUC: area under the curve of insulin. a) and b) indicates a significant difference from the data of
saline (P<0.01 and P<0.05, respectively). c) indicates a significant difference from the data of glucose (P<0.05).
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Fig. 2. Plasma glucose and insulin concentrations after injection of arginine, alanine, leucine, fat emulsion,
valine, methionine, taurine and glutamine.
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not possible.
Among arginine, alanine, leucine and fatty acids, the

insulinotropic effect of arginine was strongest.  The effects
of alanine, leucine and fatty acids were low and differed in
individuals.  Although we have not tested insulin responses
by all amino acids, we consider that arginine is a useful sub-
stance for clinical application in cats, because the arginine
injection does not induce hyperglycemia, the testing time
was short (20 min) from the concentration curve, and the
10% solution (Arginine Injection, Ajinomoto Pharma.  Co.,
Ltd., Tokyo, Japan) is available in the human medical mar-
ket for the growth hormone stimulation test in Japan [23].

Insulin secretions were stimulated after injection of argi-
nine, alanine, leucine and fatty acids, however, the effects of
alanine, leucine and fatty acids were mild and differed in
individuals.  Arginine has the strongest insulinotropic effect
among these substances.  Although additional research is
warranted on diseased cats, intravenous arginine tolerance
tests may be useful clinically for estimation of insulin
responses in cats.
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