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Abstract

In previous studies, sodium pivalate has been administered to rats in their drinking water (20 mmoles/L; equivalent to 0.3% of the die
as a way to lower the concentration of carnitine in tissues and to produce a model of secondary carnitine deficiency. Although this lev
of supplementation results in a marked decrease in carnitine concentration in a variety of tissues, it does not produce the classical sign:
carnitine deficiency (i.e., decreased fatty acid oxidation and ketogenesis). The present study was designed (1) to determine if increasing
level of pivalate supplementation (0.6, 1.0% of the diet) would further reduce the concentrations of total and free carnitine in rat tissue
without altering growth or food intake, and (2) to examine the effect of length of feeding (4 vs. 8 weeks) on these variables. Male
Sprague-Dawley rats were randomly assigned to either a control (0.2% sodium bicarbonate) or experimental diet (0.3, 0.6, 1.0% sodit
pivalate) for either four or eight weeks. Animals € 6/group) were housed in metabolic cages; food and water were provided ad libitum
throughout the study. Supplementation with sodium pivalate did not alter water intake or urine output. Ingestion of a diet containing 1.09
pivalic acid decreased food intake (g/d& =< 0.05),final body weight P < 0.007), andgrowth rate P < 0.001)after four weeks. The
concentration of total carnitine in plasma, heart, liver, muscle, and kidney was reduced in all experimentalRraup®901),regardless
of level of supplementation or length of feeding. The concentration of free carnitine in heart, muscle, and kidney was alsoReduced (
0.001) inrats treated with pivalate for either four or eight weeks. The concentration of free carnitine in liver was reduced in animals
supplemented with pivalate for eight weel € 0.05), but noeffect was observed in livers from rats treated for four weeks. Excretion
of total carnitine and short chain acylcarnitine in urine was increased in pivalate supplemented rats throughout the entire feedgperiod (
0.001).Free carnitine excretion was increased during Weeks 1 al2 0.01), butbegan to decline during Week 3 in experimental
groups. During Weeks 6 and 8, free carnitine excretion in pivalate supplemented rats was less than that of controParirBalslL{. In
summary, no further reduction in tissue carnitine concentration was observed when rats were supplemented with sodium pivalate at lev
greater than 0.3% of the diet. Food intake (g/day) and growth were decreased in rats fed a diet containing 1.0% sodium pivalate. These ¢
indicate that maximal lowering of tissue carnitine concentrations is achieved by feeding diets containing 0.3% sodium pivalate or les:
© 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction and methionine in the liver and epidydimus of rats, and in
the liver, kidney, and brain of humans [2]. Tissues, such as
Carnitine is a water soluble compound that is required heart and muscle, take up carnitine from the plasma via
for the transport of long chain fatty acids into the mitochon- specific transport proteins [1,4—7]. Carnitine deficiency has
dria [1,2]. It also participates in modulating the ratio of been described in humans [8] and may be classified as
bound coenzyme Alfree coenzyme A inside the mitochon- primary (genetic or myopathic) or secondary [9]. Secondary
dria, and in the selective elimination of acyl residues [3]. deficiencies are believed to be largely the result of increased
Carnitine can be synthesized from the amino acids lysine losses of carnitine due to hemodialysis, Fanconi syndrome,
and organic acidurias [9]. Specific drug treatments (i.e.,
* Corresponding author. Tel.+ 1-802-656-5485; fax-+1-802-656-  Pivampicillin, pivmecillinam) have also been associated
0407. with diminished concentration of carnitine in plasma and
E-mail addressnsheard@zoo.uvm.edu (N.F. Sheard). skeletal muscle in humans [10-13].
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Pivalic acid (trimethylacetic acid) is commonly attached Bianchi and Davis [17]. In their study, control animals
to drugs to increase their intestinal absorption [14]. It can be received an equimolar amount of sodium bicarbonate in
metabolized in a variety of tissues to form pivaloylcarnitine order to maintain a constant sodium intake between groups.
or pivaloylglucuronate and is excreted in the urine as these Supplementation with this amount of sodium bicarbonate
metabolites or as free pivalic acid [11,15-20]. In humans, results in tissue carnitine concentrations that are not differ-
treatment with pivalate-containing medications (i.e., pivam- ent from those of rats that have been fed a control diet
picillin, pivmecillinam) decreases the concentrations of to- without sodium bicarbonate (results not shown).
tal carnitine in plasma and muscle, and free carnitine in  In the four-week study, ratsn(= 6/group) were ran-
urine [10—-13]. Broderick et al. [21] have suggested that if domly assigned to each of the following groups: control
pivalate intake is sufficiently high, the excretion of these (0.2% sodium bicarbonate), 0.3% pivalate, 0.6% pivalate,
esters will exceed the sum of dietary carnitine intake and de 1.0% pivalate. In the eight week study, the 1.0% pivalate
novo synthesis of carnitine resulting in carnitine deficiency. supplemented group was omitted. Food and water intake,

Bianchi and Davis [17] examined the feasibility of using urine output, and body weight were measured three times
pivalate ingestion as a means of developing an animal during each week of the study. Urine was collected for 72
model of secondary carnitine deficiency in rats by supple- hours weekly. This study was approved by the Institutional
menting drinking water with 20 mmol/L sodium pivalate for Animal Care and Use Committee (IACUC) at the Univer-
varying time periods (four days, two weeks, eight weeks). sity of Vermont.

This level of supplementation, which approximates 0.3% At the end of the experimental period (i.e., four or eight

(300 mg/g) of the diet, is effective in reducing carnitine weeks), animals were anesthetized by an intraperitoneal
concentrations in plasma, heart, liver, muscle, and kidney in injection of sodium pentobarbital (12—-15 mg/100 g body

the rat [17,21-24]. This effect on tissue carnitine concen- weight). A midline incision was made, and a blood sample

trations in the rat was rapid and consistent, resulting in a was obtained by cardiac puncture. Heparinized blood sam-
50% reduction in plasma, heart, and muscle concentrationsples were kept on ice until centrifugation and separation of
within two weeks [17]. Although a reduction in carnitine plasma from red blood cells could be performed. The heart
concentration of this magnitude is significant, metabolic was removed, rinsed in ice-cold saline, and frozen between
sequelae (e.g., decreased fatty acid oxidation and ketogenWollenberger clamps pre-cooled in liquid nitrogen. The

esis) associated with a deficiency of carnitine are usually notliver, kidneys, and portion of femoral bicep muscle were

observed until tissue concentrations are reduced to approx+emoved, trimmed of fat, rinsed in ice cold saline, weighed,

imately 30% of normal [24—29]. Fat deposition in the liver and frozen in liquid nitrogen. Tissues were kept-at0°C

and muscle, however, may be an early sign of inadequateuntil carnitine concentration could be analyzed. Results are
tissue carnitine [30,31]. expressed apmol/g wet weight.

Our objective was to develop an animal model that
resulted in a greater reduction in tissue carnitine concentra-
tion than previously described. Finding no published reports
using higher doses of sodium pivalate, we conducted the
studies described below. The aims of the investigations
were (1) to determine the effect of increased sodium piv-
alate ingestion (greater than 0.3% of the diet) on growth,
food intake, and carnitine concentration in rat tissues and (2)
to examine the effect of length of feeding (four vs. eight 2.3. Carnitine assay
weeks) on these variables.

2.2. Assay of liver triglyceride

Samples of frozen liver were homogenized in water and
triglyceride content was determined using Sigma Kit #336-
10. Results are expressed as mg/g wet weight.

The concentration of total carnitine was analyzed in
plasma, tissues, and urine. Tissue samples were homoge-

2. Methods and materials nized in ice-cold 7% perchloric acid with a Tekmar homog-
enizer. An aliquot of the homogenate was removed and
2.1. Animals dried under vacuum. Dried samples were resuspended in

distilled water prior to base hydrolysis. The concentration of

In each study described, male, Sprague-Dawley ratsfree carnitine in each sample was assayed using a radioen-
(125-150 g; Charles River, Canada) were housed in meta-zymatic assay as described by Borum et al. [32].
bolic cages and provided food and water ad libitum. The  The concentration of free carnitine was also analyzed in
light cycle was 12 hours and the ambient room temperature urine. Perchloric acid (7%) was added to the urine and the
was held constant at 20°C. Animals were randomly as- samples were centrifuged at 10,000 g. The supernatant was
signed to a control (0.2% sodium bicarbonate) or experi- removed and the pellet was rinsed twice with 7% perchloric
mental diet (0.3, 0.6, 1.0% sodium pivalate) for either four acid. The supernatant was dried under vacuum and resus-
or eight weeks. Sodium bicarbonate was added to the con-pendedm 1 M potassium phosphate buffer (pH7.0) prior
trol diet at a level that was similar to that described by to carnitine analysis. Shortchain acylcarnitine (SCAC) in
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Table 1 weight/day) were altered by dietary pivalate supplementa-
Pivalate intake tion at any level, regardless of length of feeding (data not
Group umol/100 g Body Weight/ shown).
24 hours The rate of growth (grams/day) in animals supplemented
4 week with pivalate for four weeks was reduced & 0.001). In
0.3% Pivalate 239 particular, growth was markedly decreased in the 1.0%
8”60:/0 g)ivalate (i)% pivalate treated rats( < 0.001;Fig. 1). The growth rate
(ﬁ ~ 6) (18) in the 0.6% pivalate animals was also lowé& € 0.05),
1.0% Pivalate 749 although this finding was not replicated when the experi-
(n=6) (28) ment was repeated for eight weeks (Fig. 1). Final body
8"(‘)’%?; bivalat 200 weight was also decreased in the 1.0% pivalate supple-
" 7 6)'Vaae 18) mented groupR® < 0.007)(Table 2).
0.6% Pivalate 397 Organ weights (g wet weight/100 g body weight) of heart
(n=86) (31) and liver were not different from control values in either

Values represent average daily intake (SEM). Sodium pivalate was study (i.e., four or eight weeks) (Table 2). At the end of four
added to the synthetic diet (AIN 76B-65) and rats were fed for either 4 or Weeks, the wet weight of the kidney was increased in all
8 weeks. pivalate supplemented groups compared to kidney wet
weight in control animalsi = 0.027).This finding, how-
ever, was not observed after eight weeks of feeding. Dry
weight of kidney at the end of four and eight weeks of
pivalate feeding was not different from control values (data
not shown).

2.4. Statistical analysis The triglyceride content of liver was increased in piv-
alate supplemented rats following eight weeks of dietary
Results are expressed as the meaBEM. Comparison  treatment (controk= 73.4 mg/g wet wt; 0.3% pivalate

between groups for body weight, food and water intake, and g3 7 mg/g wet wt, 0.6% pivalate 85.6 mg/g wet wt;
urine output were made by two-way, repeated measuresp — 0.02).

ANOVA. All other comparisons between groups were car-
ried out by one-way ANOVA. If the F-value was significant
(P = 0.05), Dunnett’s test was performed to compare
experimental groups to controls. Statistical significance is
defined a? = 0.05.Prior to the initiation of the study, we
;a(lj?#;e:;endcghabﬁwseing?:ig?;%L%ug r\;vrr?;?yngsgzi(xg ?T?;;?approximately 75—-85% in plasma to 45-60% in tissues.

sures (total and free carnitine concentration) with a power of -L'SSUZ dc?a'lrnltlnfe co(:\.centrgtloln was n(;]t fudrj[her. reduced by
0.8 and an alpha g < 0.05. the addition of sodium pivalate to the diet in amounts

greater than 0.3%. The concentration of free carnitine in
heart, kidney and muscle declined to a similar extéht(
0.001) inrats supplemented with pivalate for either four or
eight weeks (Table 4). In the liver, however, the concentra-
The average daily intake of sodium pivalate for each tign of free cgrnitine was reduced in animgls treated with
pivalate for eight weeksR < 0.05), but not inthose who

supplemented group is shown in Table 1. . )
Food intake, expressed as g/day, was reduced in theg_(zrsles:)rlplemented with this compound for four weeks

pivalate supplemented rats in the 4 week triRal€ 0.05). . ) .
Total carnitine excretion ymol carnitine/100 g body

The decline in food intake was most marked in the 1.0% A ] i . ] .
pivalate supplemented animals (25% reduction compared toWeight/24 hours) in urine was increased in all experimental

control animals;P < 0.05); intakes averaged 93% and 9roups when compared to control animals in both four and
88% of control in the 0.3% and 0.6% pivalate groups, €ight week studiesR < 0.001; Fig. 2). Free carnitine
respectively, in the four week study. Average food intake in €xcretion was initially increased in all experimental groups
rats fed the 0.3% or 0.6% pivalate supplemented diets did during the first two weeks of feeding (< 0.01), but by the
not differ from control values in the 8 week study. In both fourth week, free carnitine excretion was below that of
the four and eight week experiments, no effect of pivalate control animals P < 0.01; Fig. 3). SCAC excretion was
supplementation was observed when food intake was ex-increased in all pivalate supplemented groups throughout
pressed per unit of body mass. Neither water intake (ml/100 both studies® < 0.001; Fig. 4). Urinary creatinine was

g body weight/24 hours) nor urine output (ml/100 g body not affected by pivalate treatment (data not shown).

urine was estimated by subtracting the concentration of free
carnitine from that of total carnitine.

The concentration of total carnitine in plasma, heart,
liver, muscle and kidney was markedly reduced in all piv-
alate-treated rats when compared to controls in both four
and eight week studied?(< 0.001; Table 3). The reduc-
%ion in the concentration of total carnitine ranged from

3. Results
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Fig. 1. Body weights of rats fed a control (0.2% sodium bicarbonate) or pivalate supplemented diet (0.3, 0.6, 1.0%) for either 4 or 8 weeks. \&@nes repre
group meansp = 6 per group.

4. Discussion CoA [14,18]. The acyl portion of pivaloyl-CoA can be
transferred to an acyl-acceptor such as carnitine, forming
Pivalate is conjugated to specific pharmacologic agents pivaloylcarnitine, which is excreted in the urine [14,18,34].
in order to enhance their intestinal absorption [14]. Follow- Alternatively free pivalic acid can be conjugated to glucu-
ing uptake, the prodrug undergoes hydrolysis in the intes- ronic acid [15-17,20]. The transfer of pivalate from CoA to
tinal cell releasing pivalate and the parent drug [33]. The carnitine is catalyzed by carnitine acyltransferases [18,34].
released pivalate is activated to the CoA thioester, pivaloyl- Diep et al. [19] have reported that heart and brown adipose

Table 2

Final body weight and organ wet weight

Group Body weight Heart Liver Kidney

(9) (9/100 g body weight)

4 week
Control 359 0.310 3.99 0.653
(n = 6) (15.3) (0.007) (0.094) (0.022)
0.3% Pivalate 335 0.362 4.41 0.826
(n = 6) 27.7) (0.032) (0.329) (0.066)
0.6% Pivalate 329 0.355 4.29 0.808
(n=6) (14.6) (0.028) (0.238) (0.041)
1.0% Pivalate 278 0.356 4.16 0.81%8
(n=6) (10.1) (0.020) (0.162) (0.023)

8 week
Control 464 0.306 3.40 0.644
(n = 6) (16.1) (0.013) (0.187) (0.017)
0.3% Pivalate 477 0.302 3.70 0.648
(n = 6) (19.5) (0.011) (0.146) (0.016)
0.6% Pivalate 456 0.311 3.54 0.610
(n = 6) (9.09) (0.006) (0.226) (0.019)

Values are mean (SEM). Male, Sprague-Dawley rats were fed control or pivalate supplemented diets for either 4 or 8 weeks. Comparisons made
one-way ANOVA followed by Dunnett’s test. Values with superscripts are different from contr@s= 0.05).
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Table 3

Total carnitine concentrations in plasma and tissues

Group Plasma Heart Liver Kidney Muscle

(nmol/L) (wmol/g wet weight)

4 week
Control 46.5 0.934 0.177 0.699 1.01
(n=6) (5.20) (0.056) (0.023) (0.108) (0.095)
0.3% Pivalate 1138 0.539 0.0637 0.372 0.462
(n = 6) (0.784) (0.029) (0.013) (0.050) (0.072)
0.6% Pivalate 8.32 0.467 0.072%¢ 0.322 0.424
(n = 6) (0.772) (0.028) (0.007) (0.033) (0.078)
1.0% Pivalate 11% 0.504 0.0862 0.3558 0.383
(n=6) (0.693) (0.049) (0.008) (0.034) (0.050)

8 week
Control 80.0 1.04 0.211 0.723 0.883
(n=6) (3.09) (0.073) (0.027) (0.073) (0.088)
0.3% Pivalate 123 0.49C* 0.098 0.39F% 0.294
(n = 6) (0.398) (0.031) (0.012) (0.023) (0.017)
0.6% Pivalate 12% 0.417 0.09C¢" 0.414 0.368
(n = 6) (0.787) (0.054) (0.006) (0.025) (0.025)

Values are means (SEM). Male, Sprague-Dawley rats were fed control or pivalate supplemented diets for either 4 or 8 weeks. Comparisons made

one-way ANOVA followed by Dunnett’s test. Values with superscripts are different from contr@s= 0.001).

tissue, not liver, play a greater role in the formation of than previously reported [17,21-23,28]. We hypothesized
pivaloylcarnitine in the rat. that increasing the dose of pivalate would increase the
The ingestion of pivalate (in an amount equivalent to the amount of carnitine required for its excretion, thereby re-
lowest dose ingested in this study) and its excretion as ducing tissue concentrations further. We found no published
pivaloylcarnitine results in a reduction in carnitine concen- reports of the effect of increased amounts of pivalate on
tration in a variety of tissues in the rat [17,21-23,28]. tissue carnitine concentrations, although in a personal com-
Despite this marked reduction (50%) in carnitine concen- munication with the authors, Dr. A.T. Davis, reported that
tration, however, clinical symptoms of carnitine deficiency 50 mM sodium pivalate in drinking water (equivalent to
(e.g., decreased fatty acid oxidation and ketogenesis) haved.6% of the diet) resulted in decreased water and food intake
not been observed [17,26—29]. In the present study, ourand significant weight loss in rats. Previous studies in our
objective was to develop an animal model in which tissue laboratory suggested that adding the pivalate to the diet
carnitine concentrations were reduced to a greater extentinstead of to the water supply would not alter water or food

Table 4

Free carnitine concentrations in tissues

Group Heart Liver Kidney Muscle

(nmol/g wet weight)

4 week
Control 0.652 0.050 0.483 0.647
(n=6) (0.059) (0.013) (0.057) (0.085)
0.3% Pivalate 0.322 0.029 0.241 0.234
(n = 6) (0.024) (0.012) (0.014) (0.035)
0.6% Pivalate 0.287 0.030 0.207 0.204
(n = 6) (0.020) (0.006) (0.016) (0.045)
1.0% Pivalate 0.291 0.037 0.257 0.178
(n=6) (0.020) (0.006) (0.030) (0.038)

8 week
Control 0.724 0.055 0.696 0.671
(n=6) (0.022) (0.011) (0.056) (0.040)
0.3% Pivalate 0.345 0.032F 0.308 0.200"
(n = 6) (0.023) (0.005) (0.021) (0.008)
0.6% Pivalate 0.328 0.02¢ 0.332 0.219
(n = 6) (0.049) (0.006) (0.026) (0.022)

Values are means (SEM). Male, Sprague-Dawley rats were fed control or pivalate supplemented diets for either 4 or 8 weeks. Comparisons made
one-way ANOVA followed by Dunnett’s test. Values with superscripts are different from contrils= 0.001),° (P < 0.05).
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Fig. 2. Concentration of total carnitine in urine of rats fed a control (0.2% sodium bicarbonate) or pivalate supplemented diet (0.3, 0.6, 1tbét)4for ei
or 8 weeks. Values are group means (SEM): 6—9/group. Data were analyzed using 1-way ANOVA followed by Dunnett's test. Carnitine excretion in
pivalate supplemented rats was significantly less than in control Pats 0.001) for allweeks.

intake, thereby resulting in an overall increase in pivalate supplementation. In the kidney, an increase in wet weight
ingestion. Indeed, water intake was not altered in pivalate was observed in pivalate supplemented rats, most likely as
supplemented animals in the present study, and food intakea result of the accumulation of pivalic acid and the metab-
was only reduced at the highest level of pivalate supple- olites of pivalate, pivaloylglucuronate and pivaloylcarnitine
mentation (1.0%). (SCAC) [17,20]. By eight weeks, however, this effect
In the present report, we describe two feeding studies of pivalate supplementation had disappeared, suggesting
conducted several weeks apart. In the four week feedingan adaptative response of the kidney to chronic pivalate
trial, a marked reduction in growth was observed in pivalate ingestion.
supplemented rats. The rate of weight gain was decreased in Triglyceride content of liver was increased in pivalate
both 0.6% and 1.0% pivalate supplemented animals, al- supplemented animals, a finding consistent with a decrease
though final body weight at the end of four weeks was only in carnitine concentration in this tissue [9] and one that is in
different in the 1.0% rats. In the eight week study, neither agreement with previous studies that have examined the
the rate of growth nor final body weight in the 0.6% group effects of pivalate administration [30,31]. The magnitude of
were different from controls. No effect on growth was the increase in our study was smaller than in previous
observed in rats fed a diet containing 0.3% pivalic acid for reports, however, most likely due to differences in meta-
either four or eight weeks, a finding that is in agreement bolic state. In our study, animals were not fasted prior to
with others [17,21]. Morris et al. [23] reported a reduction sacrifice; fasting increases liver triglyceride concentrations
in final body weight following 11-12 weeks of pivalate several-fold when carnitine concentration is reduced [35].
supplementation (equivalent to 0.3% of diet), although Bro-  The increased excretion of SCAC in the urine of pivalate
derick et al. [21] observed no effect on body weight after 26 supplemented rats reported here agrees with the observation
weeks of supplementation at this level. Our findings suggestof Bianchi and Davis [17]. In contrast to their findings,
that pivalate ingestion reaches toxic levels, as evidenced byhowever, both total carnitine and SCAC excretion in urine
a decrease in body weight, when supplementation nearsremained elevated throughout our studies. Free carnitine
1.0% of the diet. excretion did decline over time in pivalate supplemented
With the exception of the kidney, final tissue weights (g rats, reflecting, perhaps, the reduction in total body carnitine
wet weight/100 g body weight) were not altered by pivalate and a slowing of carnitine turnover from tissues. Although
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Fig. 3. Concentration of free carnitine in urine of rats fed a control (0.2% sodium bicarbonate) or pivalate supplemented diet (0.3, 0.6, 1l@86)for eit

8 weeks. Values are group means:= 6—9/group. Data were analyzed using 1-way ANOVA followed by Dunnett’s test. In weeks 1 and 2, free carnitine
excretion was greater in all pivalate supplemented groBps 0.01); inweeks 6 and 8 free carnitine excretion was lower in all pivalate supplemented groups
(P < 0.01).

pivaloylcarnitine (SCAC) excretion was markedly elevated Cederblad and Lindstedt [36] estimated that the rat syn-
in supplemented animals, our findings, as well as those ofthesizes 2Qumol carnitine/kg of body weight/24 hours (2
other investigators [17,20], indicate that most of the in- wmol carnitine/100 g body weight/24 hours) and that the
gested pivalic acid was excreted in some other form (i.e., total amount of carnitine in the rat is approximately 35
200-750umol of pivalic acid ingested/100 g body wt/day wmol/100 g body weight. Our findings in urine indicate that
and only 1-1.5umol/100 g body wt/day of pivaloylcarni-  the amount of carnitine (approximately lufnoles SCAC/
tine (SCAC) recovered in urine). In addition, while the 100 g body weight/day) used to conjugate/detoxify pivalic
amount of pivalic acid ingested increased with the level of acid was similar to the amount of carnitine that a normal rat
supplementation, the excretion of pivaloylcarnitine did not, would synthesize on a daily basis. In the present study,
suggesting that this pathway for the metabolism and excre-however, the amount of pivalate ingested (200 —g5®ol/
tion of pivalic acid reaches its maximum level of activity at 100 g/day) greatly exceeded the sum of carnitine synthe-
a dietary concentration of 0.3% or less. sized over twenty-four hours and the amount of carnitine
As previously reported, total carnitine concentration was found in the whole body. This finding supports the role of
markedly reduced in plasma, heart, liver, kidney, and mus- alternative pathways for the metabolism of pivalate [17,20],
cle of rats supplemented with 0.3% sodium pivalate when but also indicate that in the rat there are protective mecha-
compared to control animals [17,21-23,28]. No further re- nisms that prevent excessive depletion of tissue carnitine
duction in tissue or plasma carnitine concentration was levels.
observed when the level of supplementation was increased The lack of effect of increasing levels of sodium pivalate
and/or continued for eight weeks. The concentration of free supplementation on tissue carnitine concentration and uri-
carnitine in heart, muscle, and kidney was similarly altered nary SCAC excretion was somewhat surprising to us. One
in rats treated with pivalate. In liver, however, free carnitine possible explanation is that the efficiency of absorption of
concentration was reduced only in animals treated with pivalate declined as the dose increased. This is not likely,
pivalate for eight weeks. This finding suggests that the liver, however, because pivalic acid is a relatively small, li-
the primary site of de novo carnitine synthesis in the rat, has pophilic molecule that is very well absorbed by the intesti-
a greater potential to resist depletion of this nutrient and/or nal tract of the rat. Indeed, Shindo et al. [15] observed that
that, other tissues are more involved in the metabolism of 85% of an orally administered dose of pivalic acid was
pivalate [19]. recovered in the urine within 24 hours. In addition, the
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Fig. 4. Concentration of shortchain acylcarnitine (SCAC) in urine of rats fed a control (0.2% sodium bicarbonate) or pivalate supplementeddiet (0.3
1.0%) for either 4 or 8 weeks. Values are group means (SEMj, 6—9/group. Data were analyzed using 1-way ANOVA followed by Dunnett’s test.
Carnitine excretion in pivalate supplemented rats was significantly less than in contrdp rat$(001) for allweeks.

percent of absorbed pivalate was likely maximized in the  In summary, high levels of sodium pivalate supplemen-
present study because the compound was mixed into the dietation (1.0% of the diet) decrease food intake and alter the
which was eaten over a 12 hour period rather than admin-growth rate in rats. Increasing the level of supplementation
istered as a single, bolus dose. above 0.3% of the diet does not lead to a further reduction in
A more likely explanation for our findings is that the the concentration of carnitine in tissues. The lack of additional
alternative pathways for the metabolism of pivalic acid are lowering of tissue carnitine concentration with increasing lev-
more active in the rat, especially at higher intakes of the els of pivalate ingestion suggests that other mechanisms of
compound. Unesterified pivalic acid can be conjugated to detoxifying pivalate, such as formation of pivaloylglucuronate
several intracellular compounds, including carnitine and or excretion of free pivalic acid, are more active in the rat,
glucuronic acid [15-17,20]. Pivaloylcarnitine is the pre- allowing for the preservation of total body carnitine.
dominate byproduct of pivalate metabolism in humans, ac-
counting for 96% of urinary pivalate [10,16]. In the cyno-
mologus monkey, however, 70% of a dose of pivalate is Acknowledgments
excreted as pivaloylglucuronate with only 10% as pivaloyl-
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Thus, in agreement with previous reports [17,20], our findings

suggest that, in the rat, supplementation with pivalic acid likely
results in the excretion of pivalate in several forms, including
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