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Abstract. Several reports have demonstrated that high-protein diets may have benefi-
cial effects on experimental models of diabetes and have raised the possibility that
branched-chain amino acids could play a role in these protective effects. We investi-
gated the effect of a normoproteic, branched-chain amino acid–enriched diet (experi-
mental diet) on insulin secretion from C57BL/6N mice transferred with splenocytes
from diabetic syngeneic donors. Mice previously fed with the experimental or control
diet received three intraperitoneal injections, every other day, o f 5 × 107 viable mono-
nuclear splenocytes obtained from control or diabetic donors. Results showed that
mice fed with the experimental diet and transferred with “diabetic” splenocytes pre-
sented: i) normoglycemia, and (ii) significantly higher levels in both phases of glu-
cose-induced insulin secretion and normal values of arginine-glucose–induced insu-
lin secretion. To evaluate the in vitro cellular immune aggression, dispersed mouse
islet cells were co-cultured with splenocytes from syngeneic diabetic mice. First,
dispersed islet cells from mice on the experimental or control diet were co-cultured
with splenocytes from control or diabetic mice on a commercial diet. In the presence
of “diabetic” splenocytes, dispersed islet cells from mice on the experimental diet
presented a significantly lower in vitro cellular immune aggression. On the other hand,
“diabetic” splenocytes from mice fed with the experimental diet produced a signifi-
cantly reduced cellular immune aggression on dispersed islet cells. Our results
showed that feeding branched-chain amino acids increased the capacity of b cells to
withstand a functional assault and diminished the extent of in vitro cellular immune
aggression. [P.S.E.B.M. 2000, Vol 224:159–165]

Insulin-dependent diabetes is a disease that reflects a
variety of genetic, environmental, and immunologic fac-
tors (1). Among environmental factors, the diet plays a

critical role (2–5). Previous studies have demonstrated that
high-protein diets may have beneficial effects in reducing

hyperglycemia, polyuria, and glycosuria associated with the
diabetic state induced by a single diabetogenic dose of
streptozotocin (6–8) and increasing insulin secretion in mice
injected with multiple low doses of this drug (9).

In a previous study we reported that mice fed a high-
protein diet and injected with mononuclear splenocytes
from streptozotocin-diabetic syngeneic donors presented
higher levels of stimulated insulin secretion (10). However,
long-term administration of high-protein diets can promote
an impairment in renal function and, in diabetic rats, is
associated with increased glomerular damage (11). Thus,
additional information is needed concerning cellular and
molecular mechanisms by which high-protein diets exert
their protective effects on experimental diabetic syndromes.

Plasma concentrations of most amino acids have been
reported to show relatively small changes in rats fed a high-
protein diet, except for valine, isoleucine, and leucine,

This work was supported by grants from: Fundacio´n A. J. Roemmers, Fondo Cruz del
Sur, and BID 802/OC-AR, FONCyT, PMT-PICT0391 from CONICET.
1 To whom requests for reprints should be addressed at CEDIE, Hospital de Nin˜os R.
Gutierrez, Gallo 1330, (1425) Buenos Aires, Argentina. E-mail: cedie@pccp.com.ar

Received September 15, 1999. [P.S.E.B.M. 2000, Vol 224]
Accepted February 22, 2000.

0037-9727/00/2243-0159$15.00/0
Copyright © 2000 by the Society for Experimental Biology and Medicine

BRANCHED-CHAIN AMINO ACIDS AND INSULIN SECRETION 159



whose concentrations markedly increased (12, 13). This last
observation raises the possibility that branched-chain amino
acids may play a role in the beneficial effects of protein-rich
diets on the evolution of diabetes in animals.

The aim of the present experiments was to investigate
to what extent the administration of a normoproteic,
branched-chain amino acid–enriched diet (BCD) could pro-
tect b cells against the functional impairment of insulin
secretion in mice transferred with splenocytes from synge-
neic diabetic donors. Perifused pancreatic slices stimulated
with glucose or arginine (as a nonglucose secretagog) were
used to evaluate insulin secretion in splenocyte-recipient
mice.

To study the effect of BCD feeding on: i) the ability of
dispersed mouse islet cells (IC) to withstand anin vitro
cellular immune aggression; and ii) the capacity of these
splenocytes to generatein vitro functional aggression on
insulin secretion from IC, these cells were co-cultured with
mononuclear splenocytes from diabetic mice (14, 15).

Materials and Methods
Animals. Male C57BL/6N inbred mice weighing 19–

22 g were obtained from the Comisio´n Nacional de Energía
Atómica (CNEA) (Buenos Aires, Argentina). Mice were
housed initially in a room with controlled temperature
(23°C) and a fixed 12:12-hr artificial light:dark cycle. Ani-
mals had free access to water and standard laboratory chow
(Cargill, Buenos Aires, Argentina).

The protocols of animal use comply with thePrinciples
of Laboratory Animal Care(NIH Publication No. 85–23,
revised 1985). Studies were conducted in a jurisdiction
where review of the Institution’s Animal Care Commitee
was not required.

Diets. Two different diets were used: i) a home-made
normoproteic, branched-chain amino acid–enriched diet
(BCD) (16) consisting of (w/w): 18.00% casein, 52.42%
corn starch, 8.00% corn oil, 7.00% cellulose, 3.01% valine,
1.97% isoleucine, 4.10% leucine, 0.20% choline chloride,
0.30% DL-methionine (Sigma, St. Louis, MO), 3.50%
salt mixture, and 1.00% vitamin mixture; and ii) a home-
made balanced control diet (CD) composed of (w/w):
20.00% casein, 59.50% corn starch, 8.00% corn oil, 7.00%
cellulose, 0.20% choline chloride, 0.30% DL-methionine,
3.50% salt mixture, and 1.00% vitamin mixture. Both
diets were isocaloric (390 kcal/100 g diet) and available
ad libitum.

Their vitamin content and salt mixture followed the
recommendations of the American Institute of Nutritionad
hoc Committee on Standards for Nutritional Studies (17).
The salt mixture was based on the AIN-76 salt mix (in g/kg
of diet: calcium phosphate dibasic, 17.5; magnesium oxide,
0.84; potassium citrate monohydrate, 7.7; potassium sulfate,
1.82; sodium chloride, 25.9; chromium potassium sulfate,
0.019; cupric carbonate, 0.05; potassium iodate, 0.0003; fer-
ric citrate, 2.1; manganese carbonate, 0.1225; sodium sele-

nite, 0.0003; and zinc carbonate, 0.056). The vitamin mix-
ture was based on the AIN-76a vitamin mix (in mg/kg of
diet: vitamin A palmitate (500,000 UI/g), 8.8; vitamin D3

(400,000 UI/g), 2.75; vitamin E acetate (500 UI/g), 11.0;
menadione sodium bisulfate, 0.8; biotin (1%), 22.0; cyano-
cobalamin (0.1%), 11.0; folic acid, 22.0; niacin, 33.0; cal-
cium pantothenate, 17.6; pyridoxine HCl, 7.7; riboflavin,
6.6; and thiamin HCl, 6.6).

Experimental Designs. Effect of BCD on insulin
secretion from mice injected with mononuclear spleno-
cytes (MS) from control or diabetic syngeneic donor
mice. Recipient syngeneic mice received BCD or CD dur-
ing 15 days before being transferred with mononuclear sple-
nocytes (MS). Mice fed with commercial chow were used as
MS donors. The animals were injected intraperitoneally (ip)
with either multiple low doses of streptozotocin (SZ) (40
mg/kg) (Sigma Chemical Co., St. Louis, MO) dissolved in
citrate buffer (0.1M trisodium citrate, 0.1M citric acid, pH
4.5) or citrate buffer during 5 consecutive days. The mice
were sacrificed by cervical dislocation 15 days after the last
injection, and MS were aseptically isolated by shredding the
spleens with a steel wire mesh followed by two washes in
sterile 154 mM NaCl solution (18, 19). The viability of MS
was 95–98%, assayed by the Trypan blue exclusion test
(20).

Recipient syngeneic mice previously adapted for 15
days to BCD or CD received three injections, every other
day, of 5 × 107 viable MS (ip in 0.2 ml of sterile 154 mM
NaCl solution) obtained from SZ-injected donors (diab.MS)
or from citrate buffer–injected donors (ctr.MS). Recipient
mice were maintained on their diets for another 15 days and
sacrificed by cervical dislocation. The pancreas was quickly
removed from each and processed for perifusion as de-
scribed below. Blood samples from nonfasted mice were
obtained by retroorbital sinus puncture. All experiments
were carried out between 10AM and 12 noon.

Perifusion of pancreatic slices.The technique de-
scribed by Burret al. (21) was used with slight modifica-
tions (22). Krebs-Ringer-bicarbonate buffer was used as the
perifusion buffer and was supplemented with 1% (w/v) bo-
vine albumin fraction V (Sigma, St. Louis, MO) and 3.3
mM glucose. The pH of the buffer, kept under constant 95%
O2, 5% CO2 gassing was 7.38–7.40. The whole pancreas of
a single mouse was cut in small slices; half was perifused
using 16.5 mM glucose as a stimulus, and the other half
stimulated with 20 mM arginine-5 mM glucose. Samples
were collected, after an initial 15-min recuperation period,
on 0.25M EDTA in tubes kept at 4°C, and immediately
frozen at –20°C. Samples from min 1 and 2 were used for
baseline determinations. Stimulus was added to the perifu-
sion buffer between min 3–40. Perifusion flux was 1.8–2.2
ml/min.

Effect of BCD on in vitro cellular immune aggres-
sion. The cellular immune aggression was evaluated study-
ing insulin secretion by dispersed mouse islet cells (IC)
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co-cultured with MS from control or diabetic syngeneic
mice.

Effect of BCD feeding on the ability of IC to withstand
an in vitro cellular immune aggression.Mice were fed for
15 days with BCD or CD, sacrificed by cervical dislocation,
and their IC isolated and co-cultured with MS from control
or diabetic mice as described below. MS were obtained
from singeneic mice (fed a commercial laboratory chow)
injected either with multiple low doses of SZ (diab.MS) or
with citrate buffer alone (ctr.MS). Spleens from diabetic or
control mice were pooled to obtain diab.MS or ctr.MS, re-
spectively. IC were isolated from each single pancreas
(from BCD- or CD-fed mice) and co-cultured with diab.MS
or ctr.MS.

Effect of BCD feeding on the capacity of MS to inhibit
insulin secretion from IC. IC were isolated from normal
mice fed a commercial mice chow and pooled for co-culture
with MS. The MS were isolated from mice previously fed
BCD or CD for 15 days, injected with multiple low doses of
SZ or buffer, and fed an additional 15-day period with their
previous diet. Therefore, mice were sacrificed, and MS were
isolated from each single spleen.

Evaluation of cellular immune aggression. Isola-
tion of IC. Islets of Langerhans were obtained from the
pancreas of collagenase-treated (Sigma, St. Louis, MO)
mice by the method of Lacy and Kostianovsky (23). To
obtain islet-cell suspensions, freshly isolated islets were
subjected to EDTA and trypsin (Sigma) as described by
Ono et al. (24). IC were suspended in basal Minimal Es-
sential Medium (MEM) (Gibco, Paisley, UK) with Eagle
salts supplemented with 10% (v/v) fetal calf serum, 2 mM
glutamine, 1 mM sodium piruvate, 0.814 mg/l nonessential
amino acids (Gibco, Paisley, UK), 100 U/ml penicillin, and
100mg/ml streptomycin. Cell viability was estimated by the
Trypan blue exclusion test (20), and only cell suspensions
having at least 90% viable cells were employed.

IC stimulation. The IC suspension was placed in 96-
well Falcon microtest plates (Becton Dickinson, Oxnard,
CA) at 5 × 103 cells/100ml per well, with the addition of 4
× 105 MS from either control or diabetic mice (in 100ml),
or basal medium (100ml), and incubated for 18 hr (14, 15).
Ten wells were used for each determination. At the end of
this period, wells were carefully washed, and the superna-
tant was collected to assess prestimulatory insulin release.
The medium was replaced with 200ml of basal medium
(glucose 5.5 mM) or 200 ml stimulatory medium (glucose
16.5 mM plus theophylline 5.5 mM). Five wells were used
for each basal or stimulatory medium. MS remained with
cells during both basal and stimulatory periods. Superna-
tants were withdrawn after 5 min and rapidly frozen for
insulin determinations. Islet cell function was expressed as
the net insulin secretion (mU/5000 cells) during a 5-min
incubation in the presence of basal or stimulatory medium
(15). Net basal secretion was given for the 5-min period in
basal medium minus prestimulatory secretion, whereas net

stimulated secretion was also given for the same 5-min pe-
riod in stimulatory medium minus prestimulatory secretion.

Results of the cellular immune aggression test (net
stimulated secretion) were reproducible with a 3.89% inter-
assay and 4.20% intra-assay coefficient of variation (CV),
for both ctr.MS or diab.MS.

Analytical Methods. Serum glucose levels from
nonfasted mice were determined using Glicemia Enzimatica
Kit (Wiener Lab, Buenos Aires, Argentina). Insulin was
determined in perifusion samples and in supernatants from
IC-MS cultures by the method of Herbertet al. (25). Pork
monoiodine125I-insulin was obtained from CENEXA (Fac-
ultad de Medicina, Universidad Nacional de La Plata, Ar-
gentina). Rat standard insulin was obtained from Novo Re-
search Laboratories (Bagsvaerd, Denmark). Guinea piganti-
porcine insulin antiserum was sufficiently nonspecific as to
allow pork-labeled insulin to be displaced by mouse insulin.

Insulin assay sensitivity was 0.5mU/ml; intra-assay CV
was 8.7%, 6.2%, and 5.1% for 1–5, 5–10, and 10–50mU
insulin/ml determination ranges, respectively; interassay
CV were 6.6%, 5.0%, and 5.2% for the given ranges.

Statistical Analysis. To evaluate insulin secretion
from perifused pancreatic slices, we integrated the areas
under the stimulated-insulin secretion curves: the first se-
cretory peak was integrated between min 3–7 and the sec-
ond peak between min 9–40 of perifusion.

Results were expressed as mean ± SEM. Statistical sig-
nificance was determined by ANOVA.

When significance was found, Scheffe’spost hoccom-
parisons were made;P < 0.05 was accepted as statistically
significant.

Results
BCD and Insulin Secretion in Mice Transferred

with MS from Diabetic or Control Donor Mice. Be-
fore the transfer procedure, mice fed during 15 days with the
BCD or the CD presented similar weight gains (mean ±
SEM) (BCD: 0.27 ± 0.03 g/day,n 4 15; CD: 0.28 ± 0.04
g/day,n 4 12). Pretransfer serum glucose levels were also
similar for both groups (Table I).

Transfer of diab.MS caused a significant increase in
serum glucose levels in the CD-fed recipient mice, but not
in BCD-fed mice (Table I).

Basal insulin secretion from perifused pancreatic slices
was similar in mice fed either the BCD or the CD and
transferred with ctr.MS (BCD: 48.17 ± 3.43, CD: 48.17 ±
4.72 mU/min/100 mg wet tissue,n 4 6 in both cases) or
diab.MS (BCD: 50.44 ± 3.67, CD: 50.67 ± 2.27mU/min/
100 mg wt,n 4 9 and 6, respectively,P:NS).

Transfer of diab.MS caused significant diminutions in
the first and second phases of glucose-stimulated insulin
secretion from recipient mice fed the BCD or the CD when
compared with ctr.MS-recipient mice (Fig. 1). However, the
insulin secretory levels reached in BCD-fed mice trans-
ferred with diab.MS were significantly higher compared
with those observed in mice fed CD.
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When perifused pancreatic slices were stimulated with
arginine-glucose, the transfer of diab.MS caused an impair-
ment in the first insulin secretory peak only in the CD-fed
recipient mice whereas the second secretory peak was not
affected (Fig. 2).

Effect of BCD on In Vitro Cellular Immune Ag-
gression. Effect of BCD feeding on the ability of IC to
withstand an in vitro cellular immune aggression. IC
(without MS) from CD- or BCD-fed mice present similar
values of insulin secretion when preincubated 18 hr (IC
from CD-fed mice: 2.12 ± 0.01, and IC from BCD-fed mice:
2.12 ± 0.01mU/18 hr/5000 cells,n 4 10 andn 4 12;
P:NS), or incubated 5 min either in basal conditions (IC
from CD-fed mice: 2.21 ± 0.13, and IC from BCD-fed mice:

2.13 ± 0.11mU/5 min/5000 cells,n 4 10 and 12) or in
stimulatory conditions (IC from CD-fed mice: 24.59 ± 0.33,
IC from BCD-fed mice: 24.54 ± 0.31mU/5 min/5000 cells,
n 4 10 and 12, respectively).

Insulin secretion shows similar values when IC from
CD- or BCD-fed mice were co-cultured with ctr.MS or
diab.MS both in the prestimulatory period of 18 hr (IC from
CD-fed mice: with ctr.MS: 2.15 ± 0.01, with diab.MS: 2.13
± 0.01; IC from BCD-fed mice: with ctr.MS: 2.14 ± 0.01,
with diab.MS: 2.12 ± 0.01mU/18 hr/5000 cells,n 4 5, 5,
6, and 6) or in basal conditions (IC from CD-fed mice: with
ctr.MS: 2.26 ± 0.07, with diab.MS: 2.23 ± 0.07; IC from
BCD-fed mice: with ctr.MS: 2.15 ± 0.08, with diab.MS:
2.28 ± 0.24mU/5 min/5000 cells,n 4 5, 5, 6, and 6,
respectively).

When IC from CD- or BCD-fed mice were incubated
with diab.MS under stimulatory conditions, a diminished
insulin secretion was observed, compared with IC incubated
with ctr.MS. However, this diminution was significantly
less severe for IC from BCD-fed mice (Fig. 3).

Effect of BCD feeding on the capacity of MS to
inhibit insulin secretion from IC. Insulin secretion pre-
sented similar values when IC from mice fed a commercial
chow were preincubated 18 hrs, or incubated 5 min in basal
conditions with ctr.MS or diab.MS (data not shown).

When IC were incubated under stimulatory conditions
with diab.MS from CD- or BCD-fed mice, there was a
decrease in insulin secretion. However, this decrement was
significantly less severe when MS came from BCD-fed
mice (Fig. 4).

Discussion
A growing body of recent evidence indicates that high-

protein diets may have beneficial effects on streptozotocin-

Table I. Serum Glucose Levels in Mice Transferred
with ctr.MS or diab.MS

Serum glucose (mg %)

CD-fed mice BCD-fed mice

Pretransfer 177.9 ± 4.1 175.5 ± 4.6
n = 12 n = 15

Transferred with ctr.MS 181.8 ± 4.7 185.5 ± 6.2
n = 6 n = 6

Transferred with diab.MS 274.0 ± 12.9a,b 175.3 ± 7.8
n = 6 n = 9

Note. Nonfasted serum glucose levels (in mg %) from mice fed con-
trol diet (CD) or normoproteic, branched-chain amino acids–enriched
diet (BCD) and transferred with “diabetic” or control mononuclear
splenocytes (diab.MS or ctr.MS). Pretransfer values correspond to
animals fed during 15 days with one of the two diets and before being
injected with mononuclear splenocytes from syngeneic donors.
a P < 0.01 versus mice transferred with ctr.MS and fed the CD.
b P < 0.01 versus mice transferred with diab.MS and fed the BCD.
Results are expressed as mean ± SEM.

Figure 1. (A) First and (B) second phases of glucose-stimulated
insulin secretion (expressed as areas under insulin secretion peaks)
in perifused pancreatic slices from recipient mice fed CD h, or BCD
j, transferred with “diabetic” (diab.MS) or control MS (ctr.MS). Re-
sults are expressed as mean ± SEM. *P < 0.01 vs mice transferred
with ctr.MS and fed the same type of diet. #P < 0.01 vs mice fed CD
and transferred with diab.MS. **P < 0.05 vs mice fed CD and trans-
ferred with diab.MS.

Figure 2. (A) First and (B) second phases of arginine-glucose-
stimulated insulin secretion (expressed as areas under insulin se-
cretion peaks) in perifused pancreatic slices from recipient mice fed
CD h, or BCD j, and injected with “diabetic” MS (diab.MS) or con-
trol MS (ctr.MS). Results are expressed as mean ± SEM. *P < 0.01
vs mice fed CD and injected with ctr.MS. #P < 0.05 vs mice fed CD
and injected with diab.MS.
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induced diabetes in rats and mice (6, 7, 9). Yet, long-term
administration of high-protein diets have been associated
with increased renal injury in diabetic rats (11). Previous
studies with animals on protein-rich regimens have shown
that plasma levels of branched-chain amino acids were in-
creased (12, 13). Eiziriket al. (16) reported that the amount
of branched-chain amino acids supplied by BCD was suf-
ficient to produce plasma branched-chain amino acid levels
similar to those observed in animals on a high-protein diet.

It has been reported that rats adapted 15 days to BCD,
and injected with a single diabetogenic dose of streptozoto-
cin, showed a significant reduction in the severity of diabe-
tes, suggesting that the increased supply of branched-chain
amino acids is responsible, at least partly, for the previously
reported beneficial effects of high-protein diets in strepto-
zotocin-induced diabetes (16).

Eizirik et al. have suggested that high-protein diets and
BCD can exert these beneficial effects by an initial protec-

tion against the diabetogenic action of streptozotocin at the
time of exposure (7, 13, 16). Isolated mouse pancreatic
islets (pre-incubated with a mixture of branched-chain
amino acids) exposedin vitro to streptozotocin showed a
smaller decrease in islet number, an increased total islet
DNA content, and a higher insulin release (26).

In the present work we investigated the effect of a
normoproteic, branched-chain amino acid–enriched diet
(BCD) administration on the MS transfer from diabetic
mice to syngeneic recipients (18), an experimental model of
diabetes without the toxic action of streptozotocin. Arataet
al. (19) showed that when 5 × 107 MS from diabetic donors
were injected into syngeneic healthy mice, the recipient
animals did not present basal hyperglycemia but had abnor-
mal intraperitoneal glucose tolerance and a diminished glu-
cose-induced insulin secretion. Also, “diabetic” MS were
preferentially trapped by the recipient’s pancreas, and both
donor and recipient T lymphocytes played an important part
in the transfer-related alterations (19).

In a previous study, we showed that a high-protein diet
has protective and restorative effects on the insulin secretion
patterns from this experimental model where immune ag-
gression (and not a direct toxic effect of streptozotocin) was
present, since recipient mice fed this diet and injected with
MS from syngeneic diabetic donors showed partial restora-
tion of stimulated insulin secretion (10).

In this study we used three injections of “diabetic” MS
to enhance the immune aggression in recipient mice. Our
results indicated that mice fed CD and injected three times
with 5 × 107 diab.MS responded with hyperglycemia and
significant diminutions in glucose-induced and arginine-
induced insulin secretion. However, when recipient mice
were fed the BCD, they responded with normoglycemia,
higher levels in glucose-stimulated insulin secretion, and a
normal response to arginine.

The BCD has a somewhat higher total nitrogen content
compared with the CD. Because branched-chain amino
acids are metabolized and the resulting nitrogen enters
the nonspecific nitrogen pool, the possibility cannot be
ruled out that in addition to the specific effects, these amino
acids could also have nonspecific effectsvia contributing
nitrogen.

Both BCD and CD were casein-based diets since the
source of dietary protein can be a major component in the
modulating effect of diet upon autoimmune diabetes as de-
scribed in the BioBreeding (BB) rat and non-obese diabetic
(NOD) mouse (2, 4, 5, 27).

In our experimental conditions, our results showed, in
agreement with Harperet al. (28), that the supplementation
of a normoproteic diet with the three branched-chain amino
acids did not induce any demonstrable deleterious effects,
and that quantities of many amino acids that cause growth
depressions in animals fed a low-protein diet may be quite
well tolerated by animals fed a diet adequate in protein. The
National Academy of Science’s report on maximum pos-
sible weight gain in 26 inbred male mouse strains indicated

Figure 3. Net stimulated insulin secretion of IC from CD- or BCD-fed
mice, cultured with ctr.MS or diab.MS. *P < 0.01 vs IC cultured with
ctr.MS. #P < 0.01 vs IC from CD-fed mice cultured with diab.MS.

Figure 4. Net stimulated insulin secretion from IC cultured with
ctr.MS or diab.MS obtained from mice fed CD or BCD. *P < 0.01 vs
IC cultured with ctr.MS from CD- or BCD-fed mice, respectively. #P
< 0.01 vs IC cultured with diab.MS from CD-fed mice.
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that, at a starting weight of 21 g, the average weight gain
from age 6–8 weeks was 0.22 g/day (29). This value is com-
parable to our weight gains from CD- and BCD-fed mice.

Since the effects of the BCD on the diabetic state in-
duced by the transfer of diab.MS can be exerted on the
immune system or on theb cells, we tested the effect of the
BCD on i) the capacity of MS to inhibit insulin secretion
from IC and ii) the capacity of IC to withstand a functional
aggression.

We used the term immune aggression to indicate that
splenocytes from diabetic donors are able to diminish insu-
lin secretion from dispersed islet cells.

Data from previous studies showed that peripheral
blood mononuclear cells from newly diagnosed insulin-
dependent diabetic patients developedin vitro cellular im-
mune aggression (CIA) toward pancreaticb cells (30). Fur-
thermore we used CIA together with insulin autoantibodies
as well as HLA antigens and residual C-peptide to deter-
mine whether an immune mechanism could be operating in
type 2 diabetic patients with secondary failure to oral hy-
poglycemic agents (15). Also, splenocytes from mice ren-
dered diabetic by multiple low-dose streptozotocin treat-
ment were found to inhibit insulin secretion from dispersed
rat islet cells (31).

The inhibitory effects of mononuclear cells appear to be
specific for pancreaticb cells since no cytotoxicity is ob-
served against fibroblasts; furthermore, secretion of gluca-
gon and somatostatin remain unaffected (32). Such inhibi-
tion of insulin secretion is not altered by insulin treatment or
the presence of antibody, complement, or aggregated IgG
(33). Cytoadherence of diabetic lymphocytes is increased in
two xenogeneic species (rat and hamster), but not in seven
noninsulin-secreting cell lines (33, 34).

Our data showed that IC co-cultured with diab.MS
from CD-fed mice produced a significant diminution in
stimulated insulin secretion. However, when diab.MS were
obtained from BCD-fed mice, the cellular immune aggres-
sion was significantly lower (IC released higher levels of
insulin). These results indicated that, under our experimen-
tal conditions, immune cells from BCD-fed animals had a
reduced aggressive capacity.

It has been reported that an excess of dietary leucine in
rats diminished the production of rosette-forming cells in
lymph nodes and spleen (35) and that the addition of leucine
in the diet of growing lambs reduced antibody production
and lymphocyte blastogenesis (36). Furthermore, adminis-
tration of branched-chain amino acids decreased the sever-
ity of the diabetic state induced in mice by the encephalo-
myocarditis (EMC) virus, producing lower glucose levels
and islet lymphocytic infiltration (37).

Dietary constituents can influence immune reactivity
both in the BB rat and the NOD mouse (2, 4, 5, 27, 38). In
the BB rat, the administration of a hydrolyzed casein-based
diet prevented the hyperexpression of MHC class I mol-
ecules onb cells (39), and the islets of Langerhans showed
fewer infiltrating cells and a Th2 cytokine pattern (5).

Our results also showed that when IC from BCD-fed
mice were co-cultured with diab.MS, the reduction in stimu-
lated insulin secretion was attenuated. Thesein vitro results
correlate to ourin vivo situation, since mice fed BCD and
transferred with diabetic splenocytes presented normogly-
cemia, higher levels in both phases of glucose induced-
insulin secretion and normal response to arginine-glucose.
These results suggest an increased capacity ofb cells to
withstand a functional assault bothin vitro and in vivo.

The addition of leucine in long-term isolated islet cul-
tures was reported to exert a beneficial effect on cell func-
tion, especially insulin biosynthesis (40) and to increase
NADPH:NADP and NADH:NAD ratios in islets, augment-
ing the defense mechanism against oxidative damage (41).

The possible extrapancreatic effects of branched-chain
amino acids must also be considered. In skeletal muscle,
these amino acids serve as energy substrate and possess
special anticatabolic effects stimulating protein synthesis
and reducing protein breakdown (42).

In conclusion, our results indicated that the effective
dietary prevention in the diabetic state induced by three
injections of diab.MS may be due to a reduced functional
damage ofb cells. The diet may also participate as an
important factor determining the recovery and regeneration
of the b cells.

Immunity or autoimmunity inflammation has been
modulated successfully by varying the amount and quality
of dietary constituents. Animal studies proved that dietary
factors contribute to the prevention of type 1 diabetes (2),
and this could provide useful approaches to analogous stud-
ies in humans. The possibility that human type 1 diabetes
might be prevented by certain dietary constituents early in
life is an attractive concept. However, presently, the knowl-
edge is only partially developed and will require more in-
vestigation before such recommendations can be made with
some hope of success.
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