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ABSTRACT

AIM: To compare the effects of chronic supplementation
with [-camitine {LCT) and dl-carnitine (DLC) on am-
monia toxicity and hepatic metabolism. METHODS:
Three groups of male adult rats were stdied: 1) supple-
mented with LCT (1.2 mmol-kg™'-d™'}, 2) supple-
mented with DLC (1.2 mmel+kg~!-d"?), and 3) con-
trol group (COG) not supplemented. RESULTS: The
{reatment with LCT decreased the toxicity to ammonia.
However, the supplementation with DLC did not show
any significant effect. In contrast, the effects of the
supplementation with LCT and DLC on hepatic
metabolism were quite similar, ie, both groups showed:
{a) intensified ammonia uptake and decreased urea pro-
duction from ammonia; (b) increased glucose and urea
production from L-glutamine (5 mmol/L). CONCLU-
SION: The results suggested that LCT supplementation
might protect against ammonia toxicity by extra-hepatic
mechanisms.

INTRODUCTION

There is a large and accumulating body of evidence
indicating that orally administered {-camitine (LCT) have
beneficial effects in patients with I-carnitine deficiency,
renal disorders requiring hemodialysis and certain types of
hypoglycemia. Furthermore, experimental evidence in
animal, models indicates that /-camitine prevents hyper-
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lipidemia"?, ethanol-induced fatty liver'®), hepatotoxici-
ty®), hepatic steatosis'’, and ammonia intoxication!®) .

However, there are only few studies comparing the
effects of I- and di-isomers. For example, [-camiline
increases and dl-camitine decreases exercise tolerance in
patients with impaired exercise tolerance!® . In contrast,
favorable results employing di-camitine ( DLC) were
found during the treatment of infant hypoglycaemia and
diphtheria'™

The comparative effects of both carnitine isomers on
the liver capacity and ammonia detoxification, however,
still remains to be investigated. In fact, it is well known
that /-camitine reduces ammonia toxicity and increases
urea production'®~'2) but there is no report regarding the
effect of di-camitine.

Thus, the present study was carried out 0 compare
the effects of a chronic supplementation of /-camitine and
a- racemic mixture of [- and d-carnitine on ammonia toxi-
city and liver metabolism.

MATERIALS AND METHODS

Animals and experimental procedure Wistar
rats ( Rattus norvegicus) weighing 5 180—220 g, were
maintained in individual cages under controlled environ-
mental conditions (temperature 23 € £2 T, 12 h light-
dark cycle). The animals had free access to water and
standard laboratory diet ( Nuvital® ). LCT and DLC
were dissolved in the drinking water. The rats were di-
vided into 3 groups. The control (COG) group received
water with no additions.  The experimental groups re-

ceived water containing LCT (1.2 mmol-kg™'-d™") or

DLC (1.2 mmol+kg~'+d"") during 7 d. The ingestion
of water and food was also evaluated during the treat-
ment. The dose employed was equivalent to that given
as diet supplementation of LCT and DLC in hu-
(8,13

Induction of ammonia intoxication Acute in-

mans
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toxication to ammonia was induced by ip injection of am-
monium acetate agueous solution {14 mmol - kg™').
The time elapsed to the occurrence of the first convul-
sion, and the percentage of rats with convulsions and the
percentage of deaths were determined.

Liver perfusion The experiments were performed
at 8:00 am. Livers from 24 h-fasted rats were perfused
in sifu as previously described™. On the day of the
experiment, the rats were anaesthetized by ip injection of
pentobarbital sodium (35 mg-kg~!).  After laparotomy,
blood was coliected from vena cava and the separated
serum was used for determination of free I-camnitine('>
and glucose!'®). The livers were perfused using Krebs
Henseleit bicarbonate buffer (KHB), pH 7.4, saturated
with 2 mixture of 0,-C0, (95 % -5 % ). The perfu-
sion fluid was pumped through a temperature controlled
(37 T) membrane oxygenator prior to entering the liver
via portal vein. The perfusion was performed i an open
system with no recirculation of the perfusate. A constant
flow rate in each individual experiment wis adjusted ac-
cording to the liver weight (4 mL-g~" of tissue fresh
weight per min) .

Determination of anmonia uptake and urea
production from NH,CI in isolated perfused liver
The ammonia uptake was measured by the difference be-
tween the concentration of ammonia in the KHB and the
corresponding concentration in the effluent perfusate dur-
ing the period of NH,CI infusion. Urea"” production
was estimated in the KHB by the difference between the
concentration of urea after and before NH,Cl infusion.

Urea was determined with the aid of urease. The
ammonia resulting from enzymatic hydrolysis of urea re-
acts with phencl and hypochlorite to give a blue dye in-
dophenol , which is proportional to urea concentration and
can be measured at 600 nm.

Determination of urea and glucose produc-
tion from L-glutamine in isolated perfused liver
After a pre-perfusion of the liver with KHB for 10 min,
L-gluiamine (5 mmol/L) was infused for 30 — 50 min
followed by a period of post-infusion {10 — 20 min} to
allow the retum to the basal levels. Samples of the ef-
fluent perfusion fluid were collected at 2-min intervals and
analyzed for glucose'® and ureal'” content. All results
were expressed as pmol-min ™'+ g™ tissue fresh weight.
Thus, urea and glucose production was measured as the
difference between rates of urea and glucose released after
and before L-glatamine infusion.

Determination of urea and glucose produc-
tion from L-glutamine in isolated hepatocytes

Liver perfusion was employed to isolale hepatocytes as
described above. The technique described by Berry &
Friend™® was used with some modifications’’”). Hepa-
tocytes (2 x 10°/L) with viability between 95 % —
100 % were incubated ( KHB saturated with 95 % — 5 %
1 0y-COp mixture, at 37 C, under constant agitation) for
one hour in the absence {control)} or presence of L-glu-
tamine 5 mmol/L.  After this period, the samples were
centrifuged and the soluble fraction collected for determi-
nation of glucose’'® and urea). The difference be-
tween the concentration of urea and glucose in the control
flasks and the flasks incubated with L-glutamine repre-
sented the amount of production.

Statistical analysis The results, including the
areas under the curves ( AUC), were analyzed by
ANOVA or unpaired ¢-test, using the Graph-Pad Prism-
version 2.0 program. The results are presented as ¥ *
s. A95 % level of confidence { P <0.05) was accept-

ed for all comparisons.

RESULTS

The treatment with {-carnitine or Jl-camitine did not
affect glycemia, food ingestion, and water consumption
{data not shown).

The efficacy of the supplementation imposed to the
rats was verified by the increased ( P <0.03) blood free
!-camnitine showed by LCT and DLC group when com-
pared with COG group (Tab 1).

Tab 1. Blood concentration of free carnitine [pmol/L)
after 1 week of supplementation with 1,2 mmol-kg~'-d~!
of I-carnitine (LCT), di-carnitine (DLC), and control

group (COG). n=5. =2xs. "<0.05 vs COG group.
coG LCT DLC
Free carmitine 17.5x1.1  23.4+2.3"* 21.8:3.0°

As shown by Tab 2, the LCT group presented lower
degree of convulsions and death than COG group after ip
injection of ammonium acetate (14 mmol kg™'). Itis
noteworthy that the df-camitine supplementation did not
show protection against ammonia toxicity .

The effects of supplementation with /- and dl-cami-
tine on the liver capacity to uptake ammonia and produce
urea were investigated. The ammonia uptake at NH,Cl
0.25 mmol/L. {Fig 1A) was similar in all groups.
Differently, the LCT and DLC groups showed higher
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Tab 2. Toxicity to ammonium acetate in 24 h-fasted rats.
The rats were supplemented during 7 d with 1.2 pmmeol -
kg~1-d~" of I-camnitine {LCT), di-carnitine {DLC) or not
supplemented (COG). The observations were performed
during 90 min after ip injection of ammonium acetate (14
mmol-kg~'}. "P <0.05 vs the COG group. Observation:
for all group, but represents the time when the first rat of

Time (s) Percentage
n clapsed forthe  of rats with P"fm‘ag“
first convulsion  convulsions o
Q0G 8 420 100 % 63 %
LCT 9 450 67 %P 45 %®
DLC 8 450 100 % 5 %
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Fig1. Ammonia uptake at NH,Cl 0,25 mmol/L {(A)
and 1.0 mmol/L (B) in isolated perfused livers from 24
hefasted rats supplemented during 1 week with 1.2
mmol-kg~!+d~! of !-carnitine (LCT) or di-carnitine
(DLC) and control group (COG)}. n=7. % +s.
aPp = 0.05, "P <0.05 vs COG group.

{ P < 0.05) ammonia uptake at NH,Cl 1 mmol/L than
the COG group (Fig 1B). On the other hand, the LCT
and DLC groups showed lower ( P < 0.05) urea produc-
tion in both ammonia concentrations (Fig 2A and 2B).
Urea and glucose production from L-glutamine {30
min of infusion) was slightly maised in both groups

Phn/Fax 86-21-6474-2629 - 307 -
0.5
NH,Cl 0.25 mmol L
A ——ALC 6.8
——ALG 3.5,
0.44 == ALIC
03
02
1‘_‘ b
<04
5 P
E
E %% 1 £ % 10
3
B 0.8
§ NH,Cl 1 mmol L’
5 —— AR A
T 057 B —4—AUCES
& ——AUC 4
g o041
=
. K
0.24
y
0.1
0.0 T
0 10 20 30 40
Time/min
Fig 2. Urea production fram NH,Cl at 0.25 mmol/L

1.2 punol/L kg~ '+d"! of I-carnitine (LCT) or dl-carni-
tine (DLC) and control group {COG). n=7. AUC=
areas under the curves.

supplemented with camitine (Fig 3A and 3C). Similar
results were obtained when the dose of {- and di-camnitine
supplemented was increased from 1.2 to 2.4 mmol kg™
+d~(data not shown). However, when the period of
L-glutamine infusion was prolonged to 50 min, the LCT
and DLC groups showed higher ( P <0.05) urea and glu-
cose production (Fig 3B and 3D).  Similar findings were
obtained in incubated hepatocytes isolated from 24 h-fast-
ed rals, ie, the LCT and DLC groups presented higher
(P <0.05) urea production from L-glutamine than COG
group. However, there was only a slight increase in
glucose production due to camitine supplementation
(Tab 3).

DISCUSSION

As we expected, LCT and DLC supplementation in-
creased { P <0.05) blood free /-camitine levels (Tab 1).
The treatment with LCT or DLC (1.2 mmol-kg™'-d"")
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Fig 3. Ureaandglmosepmdmﬁmﬁan-glumnﬁneinisolaﬁedperﬁsedliversﬂ*anzilh-fastedmtssuq)pletmnted
during 1 week with 1.2 nmol-kg~!-d~* of I-carnitine {LLT) or dl-carmitine {DLC) and control group (COG). n=7.
AUC = greas under the curves. Left side; 30 minof L-glutamine infusion, Right side: 50 min of L-glutamine infu-

s10n.

Tab3. Urea and glucose production (pmel-10-% cells-
h-1) from hepatocytes incubated in the absence {A) or
presence (P) of L-glutamine (5 mmol/L}. The cells were
jsolated from livers of 24 h-fasted rats supplemented dur-
ing 7 d with 1.2 mmol-kg~!-d"" of I.carnitine (LCT}, dI-

carnitine {DLC) or not supplemented (Control). n=35,
Fzs. P<0.05 vs the control group (COG).
COG LCT DLC
Urea
(A) 0.051£0.005 0.043£0.006 0.041+0.006
(P) 0.126£0.009 0.227+0.037° 0.210+0.005°
Glucose
(A)  0.061£0.005 0.04:0.005 0.051+0.006
(p) 0.220+0.023 0.262+0.030 0.262+0.024

for 1 week was enough 10 get the maximal levels of {-car-
nitine, since the supplementation with LCT or DLC (2.4
mmol-kg='+d™") for 1 or 4 weeks did not increase the
values showed by Tab 1 (data not shown) .

The higher ammonia upteke (Fig 1B) and lower
urea production {Fig 2B) showed by livers from LCT and

DLC supplemented rats probably is consequence of the in-
creased amount of ketoacids disposed for ammination 1o
amino acidst® .

In contrast to ammonia ( Fig 1B), livers from LC
and DLC groups showed increased wrea production from
L-glutamyine (Fig 3B). These results were obtained not
only in isolated livers (Fig 3B), but also in isolated hep-
atocytes (Tab 3). Thus, it is possible that camitine
treatment may enhance hepatic glutaminase activity.
Moreover, the stimulated catabolism of L-glutamine
could provide the liver with sufficient skeleton of carbons
to assure increased glucose production (Fig 3D). How-
ever, the results for glucose production were not totally
confirmed in isolated hepatocytes, since there was no sta-
tistical significant difference between camitine supple-
mented (LCT, DLC groups) and COG group {Tab 3).
These findings are apparently contradictory, but it is im-
portant to point out that the hepatocytes were submitted to
lower degree of oxygenation during the incubation period
if compared with perfused livers. Thus, it could be ar-
gued that the differences in the results obtained from liv-
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ers (Fig 3) and isolated hepatocytes (Tab 3) can be ex-
plained by the fact that incubated hepatocytes show less
capatibility to respond to glucose precursors.

As previously demonstrated®" 22 the treament
with LCT reduced the toxicity to ammonia {Tab 2).
Bui, in contrast, DLC supplementation did not give pro-
tection against ammonia toxicity (Tab 2). Since DLC
and LCT groups showed similar alterations on hepatic
metabolism of ammenia but only LCT group was able to
reduce ammonia toXicity, we can suggest that extra-hep-
atic mechanisms might be involved. This proposition is
supported by the demonstrated prolective effect of LCT on
precipitated encephalopathy in rats with portocaval
shunt®) | In addition, it has been shown that the pro-
tecting effect of LCT against ammonia involves increased
ammination of glulamate to glutamine in the muscle'® .

Thus, our findings showed that LCT supplementa-
tion protects against ammonia toxicity by mechanisms not
involving increased ammonia uptake and hepatic ureogen-
esis. Moreover, in view of a significant difference in the
biological effects of both isomers, we recommended that
LCT supplementation could not be replaced by DLC.
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