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Effects of Long-Term Phenobarbital Treatment on the Liver in
Dogs

Peter B. Müller, Joseph Taboada, Giselle Hosgood, Beth P. Partington, Jan L. VanSteenhouse,
H. Wayne Taylor, and Karen J. Wolfsheimer

Long-term administration of phenobarbital has been reported to cause hepatic injury in dogs. Phenobarbital induces hepatic en-
zymes, and it may be difficult to distinguish the effect of enzyme induction on serum liver enzyme activities from actual hepatic
damage. The hepatotoxicity of phenobarbital and the impact of enzyme induction on serum liver enzyme activity were investigated
prospectively in 12 normal dogs. Phenobarbital was administered for 29 weeks at 5 mg per kilogram of body weight (range, 4.8–
6.6 mg/kg) PO q12h, resulting in therapeutic serum phenobarbital concentrations (20–40 mg/mL). Serum alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate transaminase (AST), g-glutamyltransferase (GGT), fasted bile acids (fBA), total
bilirubin, and albumin were determined before and during treatment. Lateral abdominal radiographs, abdominal ultrasounds, and
histopathologic examinations of liver tissue obtained by ultrasound-guided biopsy were performed before and during treatment.
Radiographs revealed a moderate increase in liver size in most dogs. Ultrasonographic examination revealed no change in liver
echogenicity or architecture. No evidence of morphologic liver damage was observed histopathologically. ALP and ALT increased
significantly (P , .05), GGT increased transiently, and albumin decreased transiently during the study. There were no significant
changes in AST, bilirubin, and fBA. These results suggest that increases in serum ALP, ALT, and GGT may reflect enzyme induction
rather than hepatic injury during phenobarbital treatment in dogs. Serum AST, fBA, and bilirubin, and ultrasonographic evaluation
of the liver are not affected by the enzyme-inducing effect of phenobarbital and can therefore be helpful to assess liver disease in
dogs treated with the drug.
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Phenobarbital is the drug of choice for long-term treat-
ment of idiopathic epilepsy in dogs.1 To our knowledge,

there has not been a study investigating the hepatotoxicity
of phenobarbital in a controlled, prospective manner and
over several months. Although it is generally well tolerated,
phenobarbital reportedly can cause liver injury in dogs if
administered alone or in combination with other drugs.2–7 It
is still unclear whether phenobarbital-induced hepatotoxicity
represents an idiosyncratic reaction or the extreme of a spec-
trum of toxicoses that develops in all dogs with chronic phe-
nobarbital treatment.8 None of the dogs that reportedly ex-
perienced liver injury during phenobarbital treatment was
proven to have normal liver morphologic features before ini-
tiation of treatment. Many of the dogs were treated concom-
itantly with other potentially hepatotoxic drugs.4,7

Phenobarbital is a hepatic microsomal enzyme inducer in
dogs, causing proliferation of the hepatocyte smooth en-
doplasmatic reticulum, increased liver weight, and accel-
erated metabolism of various drugs and endogenous com-
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pounds.9,10 Furthermore, this mechanism can cause in-
creased serum liver enzyme activities without actual hepa-
tocellular damage or biliary stasis,8,11–16 making it difficult
to distinguish increases caused by enzyme induction from
those caused by hepatic disease during phenobarbital treat-
ment. Affected enzymes include serum alkaline phospha-
tase (ALP) and alanine transaminase (ALT). Although there
is some controversy in the literature, it seems that pheno-
barbital may induce hepatic aspartate transaminase (AST)
and g-glutamyltransferase (GGT) as well. Sulfobromo-
phthalein retention, serum bilirubin, and fasted serum bile
acids (fBA) were found not to be affected by the enzyme-
inducing effect of anticonvulsant drugs in dogs.16,17 No pro-
spective study comparing changes in serum liver enzyme
activites with the actual histopathologic appearance of the
liver in previously normal dogs has been reported. The pur-
poses of the present study were: (1) to determine the fre-
quency and characteristics of phenobarbital hepatotoxicity
at therapeutic serum concentrations in previously normal
dogs during long-term monotherapy, and (2) to assess the
impact of enzyme induction on serum liver enzyme activ-
ities by comparing them with serum bile acid concentra-
tions and hepatic histopathologic values. We attempted to
simulate the clinical circumstances encountered during the
treatment of dogs with idiopathic epilepsy as closely as pos-
sible by selecting an initial drug dosage that would result
in therapeutic serum concentrations after a few days and by
treating the dogs over a prolonged period.

Materials and Methods

Dogs and Diagnostic Tools

Twelve adult, neutered, male dogs of various breeds, ranging from
11 to 23 kg in initial body weight, and from 1 to 6 years in age, were
housed in concrete outdoor kennels and exercised in a common grass
lot once daily. They were part of a larger study evaluating the effects
of phenobarbital treatment on the liver and thyroid and adrenal axis
in dogs. Breeds included 4 hounds, 2 medium-sized mixed breed dogs,
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and 6 Beagles. They received water and a commercial dry dog fooda

ad libitum and were cared for according to the Guide for the Care and
Use of Laboratory Animals.18 An increase in body weight was noted
2 weeks after initiation of phenobarbital in some dogs, and their
amount of available food was reduced by approximately 33%. Food
was withdrawn at 5:00 PM on the days before anesthesia induction for
liver biopsies and all blood collections, providing a fasting time of at
least 15 hours.

In order to avoid potential hepatotoxic agents, as few drugs as pos-
sible except for phenobarbital were administered before and during the
study. Drugs or vaccines administered or chemicals used on every dog
included: (1) annual vaccinations against canine distemper, parvovi-
rosis, adenovirus 2, leptospirosis, coronavirus, parainfluenza virus and
rabies, with the last vaccination being administered at least 5 months
before the study; (2) monthly heartworm (ivermectin, PO) preventa-
tive; (3) mixture of diazepamb plus ketamine,c IV, before liver biopsies;
(4) alcohol and chlorhexidine diacetated for skin disinfection before
liver biopsies; (5) ectoparasiticidal shampoo,e once during the study;
(6) daily disinfection of the concrete runs with a quaternary ammonia
salt solutionf; (7) ACTH gel,g IM, and dexamethasone,h IV, for adrenal
function tests that were performed in the same study.

All dogs were examined before initiation of phenobarbital treatment
to detect any clinical or biochemical abnormalities and to obtain basal
results of tests performed during the study, because every dog was
used as its own control. Pretreatment evaluation included physical ex-
amination, full biochemical panel 4 weeks before and immediately
before phenobarbital initiation, CBC, and urinalysis. A Knott concen-
tration test for microfilaria and an enzyme-linked immunosorbent as-
say for antigen of adult heartwormsi were performed to rule out di-
rofilariasis. Left-lateral abdominal radiography, abdominal ultrasonog-
raphy, and percutaneous, ultrasound-guided liver biopsies were per-
formed. All dogs were considered to be healthy based on these
evaluations.

After collection of these pretreatment results, phenobarbital treat-
mentj at a dosage of approximately 5 mg/kg of body weight (range,
4.8–6.6 mg/kg), PO, q12h, was initiated and maintained for 29 weeks
during the months of May through December. The approximate dosage
was because of the size of the phenobarbital pills, which allowed only
dosage steps of 16 mg, and we therefore selected the dosage that was
closest possible to 5 mg/kg. The drug was administered at 8:00 AM

and 5:00 PM in meatballs of canned dog food.k After 5 weeks, some
dogs’ serum phenobarbital concentrations were found to be at the low
end of the therapeutic range. The dosage was increased at the begin-
ning of week 6.

Evaluation during treatment included daily observations for activity
and behavior, weekly weight measurements, and monthly physical ex-
aminations. Phenobarbital serum trough concentrations (12 hours after
administration) were determined after 5, 9, 17, and 27 weeks of treat-
ment. Selected serum liver tests (ALP, ALT, GGT, fBA, albumin, and
total bilirubin) were determined after 5, 9, 13, 17, 21, and 27 weeks.
Serum AST was determined after 5 and 21 weeks of treatment. Ab-
dominal ultrasonography, lateral abdominal radiography, and ultra-
sound-guided percutaneous liver biopsies were performed after 10 and
27 weeks. The order of the dogs for every testing before and during
phenobarbital application was randomized.

Abdominal Radiography, Ultrasonography and Liver Biopsies. Af-
ter determination of activated coagulation times, left lateral radio-
graphs were obtained for assessment of liver size. After ultrasono-
graphic evaluation of all abdominal organs with a 7.5-MHz transducer,l

the liver biopsy site was located and surgically prepared. Dogs were
anesthetized with a mixture of 0.25 mg/kg diazepam plus 5 mg/kg
ketamine, IV, through a cephalic vein catheter. The abdominal wall
was penetrated with a stab incision, with a #15 blade. At least 3 liver
tissue samples were collected under ultrasonographic guidance with a
16-guage biopsy needlem and an automatic biopsy gun,n conserved in
formalin, stained with hematoxylin-eosin, and examined with a light
microscope. Radiographs, ultrasonograms, and histopathologic slides

were evaluated in blinded fashion by the same people in randomized
order. On radiographs, changes in liver size in individual dogs were
determined according to a subjective scoring system, with size and
length of the liver shadow as a marker for liver volume (→, no change;
↑, slight increase; ↑↑, moderate increase; ↑↑↑, marked increase). On
ultrasound readings, liver echogenicity was compared with the echo-
genicity of the right renal cortex (hypo-, iso- or hyperechogenic). Re-
nal cortical echogenicity was considered normal if the left renal cortex
was hypoechoic to the spleen. The histopathologic slides of each dog
were ranked according to the degree of the observed ‘‘ground glass’’
character of the cytoplasm (I, least; II, intermediate; III, most pro-
nounced of the 3 slides).

Biochemical Evaluation. Serum biochemistry panels, CBC, urinal-
yses, Knott, and occult tests were performed with standard laboratory
equipment and assay techniques validated for the respective labora-
tory. Phenobarbital serum concentrations were determined by a fluo-
rescence polarization immunoassay.o For activated coagulation times,
blood was drawn by jugular venipuncture into siliceous earth tubes,
and coagulation time was measured in a water bath at 378C and com-
pared with normal values established for dogs in this laboratory before
every liver biopsy.

Statistical Analysis

For categorical data (scores of histopathologic, radiographic, and
ultrasonographic evaluation), the scores were compared over time with
Mantel-Haenszel analysis of repeated categorical data. Phenobarbital
dosages were compared between groups of dogs by the Mann-Whitney
test.

Body weights, serum biochemical data, and serum phenobarbital
concentrations were treated as continuous data and were evaluated for
normality by the Shapiro-Wilk statistic. The data for multiple baseline
periods was combined and was referred to as ‘‘week 0.’’ The data
were considered to follow a normal distribution if there was failure to
reject the null hypothesis of normality at P # .05. Data that were not
normally distributed were transformed (log transformation) for anal-
ysis such that it followed a normal distribution. This procedure was
necessary for serum ALT concentrations only. Data were summarized
and graphed as mean 6 SD. All data were analyzed with the model:
y 5 m 1 Dog 1 Week 1 Dog 3 Week 1 e; where the effect of Dog
was considered random and the Dog interaction term was used as the
error term for the evaluation of Week. This model accounted for the
repeated measurements on each dog. A 2-sided hypothesis with P #

.05 was used to determine significance of the main effect Week. Where
there was a significant effect of Week, multiple comparisons between
data at each week with data at week 0 were made by adjusted least-
square means and a Dunnett test, maintaining an experiment-wise error
of .05. Thus, where a significant difference between time and baseline
is noted in results and graphs, the P value was # .05 if not indicated
differently. SAS’s ‘‘Proc mixed’’p was used for the analysis.

Results

Physical Examinations and Serum Phenobarbital
Concentrations

After initiation of phenobarbital, the dogs had minimal
to no sedation for about 3 days. Their behavior thereafter
was normal, with no obvious change in physical activity.
The only notable changes on repeated physical examina-
tions were a subjectively mildly enlarged liver in dogs 1,
2, and 6 at week 9, dog 3 at week 17 and 21, and dog 8
at week 17. Body weights increased significantly over time
(P 5 .001). Body weights increased from 18.3 6 5.2 kg
(mean 6 SD) at phenobarbital initiation to 19.5 6 4.5 kg
after 29 weeks of treatment.
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Fig 1. (a) Liver of dog 4 prior to treatment. (b) Liver of dog after
10 weeks of treatment. Hematoylin-eosin stain, 3400.

Fig 2. Serum ALP activities. Values are graphed as mean 6 SD.
* Significantly greater (P 5 .05) than before treatment (week 0). The
dotted line indicates upper limit of reference range.

Serum phenobarbital trough concentrations were within
the therapeutic range of 20–40 mg/mL at all times, except
for dog 5 after 5 weeks (19.4 mg/mL). There was no sig-
nificant change in serum phenobarbital concentrations over
time. There was no significant difference in serum pheno-
barbital concentrations between Beagles and the other
breeds. After the dosage adjustment at week 6, the main-
tained individual dosages ranged from 4.8 to 6.6 mg/kg
q12h. There was no significant difference in phenobarbital
dosages between Beagles and the other breeds or between
individuals before and after the dosage adjustment at week 6.

Abdominal Radiographic and Ultrasonographic
Evaluations

On radiographs, there was an increase in liver size in all
6 Beagles, 1 mixed breed dog, and 1 hound during the
treatment period (8 of 12 dogs). The liver size in 5 of these
8 dogs increased between week 0 and 10, as well as be-
tween week 10 and 27. The other 3 dogs experienced an
increase in liver size only between week 0 and 10. No
change in liver size could be detected in the remaining 4
dogs. There was a significant difference in the degree of
increase over time (P 5 .012), the enlargement was appar-
ently more pronounced between weeks 0 and 10 than be-
tween weeks 10 and 27. No other abnormalities could be
detected on radiographs at any time.

No abnormalities of the liver or any other abdominal
organ could be detected on abdominal ultrasound results at
any time. Liver echogenicity and architecture did not
change significantly over time.

Liver Histopathologic Examination

The hepatocellular cytoplasm during the treatment period
was of a fine diffuse granularity, and the hepatocytes were
larger, resulting in an increased angularization of the cells
and compression of the sinusoids (Fig 1). Hepatocellular
enlargement and the ground glass change of the hepatocel-
lular cytoplasm was observed in every dog, occurred dif-
fusely throughout the liver lobule in all dogs, and its degree
was approximately the same in every dog. When the 3
slides (0, 10, and 27 weeks) were ranked in a blinded eval-
uation, the pretreatment samples could be easily distin-
guished from the samples of week 10 and 27, because of
the ground glass appearance of the cytoplasm during treat-
ment. However, it was not possible to distinguish the slides
of week 10 from those of week 27, indicating that this
granular change did not progress or diminish from week 10
to 27. There were a few apoptotic hepatocytes in dog 3
after 10 weeks. Hepatocytes of dogs 5 and 7 showed
marked amounts of distinct vacuoles in addition to the
ground glass appearance at week 10. In dog 7, these vac-
uoles seemed to be particularly localized in periportal he-
patocytes. Four slides contained small foci of perivascular
leukocytic infiltration and small granulomas (dog 7 at week
27, dog 9 at week 27, and dog 12 before treatment and at
week 27). No additional histopathologic changes indicating
liver toxicity could be detected in any dog at any time

Serum Biochemical Analysis

All but 1 (slightly increased serum albumin concentration
in dog 10 at week 0) of the observed serum liver test results
were within the normal reference ranges before phenobar-
bital initiation.

Serum ALP activity changed significantly over time (P
5 .0001). ALP was significantly increased above pretreat-
ment values by week 5 and remained significantly increased
throughout the remainder of the study (Fig 2). In 9 out of
12 dogs, ALP was increased above the reference range by
week 9 and remained increased up to 10-fold above base-
line values throughout the study. Only 1 dog had ALP ac-
tivities that remained within the reference range during the
whole treatment period. The means of the ALP activities
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Fig 3. Serum ALT activities. Values are graphed as mean 6 SD.
* Significantly greater (P 5 .05) than before treatment (week 0). The
dotted line indicates upper limit of reference range.

Fig 4. Serum GGT activities. Values are graphed as mean 6 SD.
* Significantly greater (P 5 .05) than before treatment (week 0). The
dotted line indicates upper limit of reference range.

were increased above the reference range throughout the
treatment period.

ALT activities changed significantly over time (P 5
.0001), becoming significantly increased above pretreat-
ment values by week 13, and remaining significantly in-
creased throughout the treatment period (Fig 3). Five of the
12 dogs had only 1, and 6 had no value that was above the
reference range throughout the study. Only dog 11 had mul-
tiple ALT activities above the reference range (weeks 17,
21, and 27); its ALT was increased 5-fold above baseline
values by the end of the study. The means of the ALT
activities remained within the reference range at all times.

GGT activities changed significantly over time (P 5
.0001), being significantly increased above pretreatment
values at weeks 13, 17, and 21 (Fig 4). Serum activities
were not different from pretreatment values at week 27. Six
dogs had GGT concentrations above the reference range at
week 13 or 17. The means of the GGT activities remained
within the reference range at all times.

AST was only measured before treatment and after 5 and
21 weeks, and did not change significantly over time. No
dog had values above the reference range at any time. Se-
rum AST activities (mean 6 SD) were 27.6 6 4.8 IU/L
before treatment, 28.9 6 4.5 IU/L at week 5, and 30.6 6
8.7 IU/L at week 21 (reference range, 0–60 IU/L).

fBA did not change significantly over time, although
there were several values at various points that were slightly
increased above the reference range. Increased bile acid
concentrations occurred in dog 1 at week 17 (6 mmol/L;
normal, 0–5); dog 2 at week 17 (7 mmol/L); dog 4 at weeks
13 (7 mmol/L), 17 (8 mmol/L), and 27 (7 mmol/L); dog 5
at weeks 21 (6 mmol/L) and 27 (17 mmol/L); dog 6 at week
13 (8 mmol/L); dog 11 at weeks 9 (7 mmol/L) and 13 (6
mmol/L); and dog 12 at weeks 17 (11 mmol/L) and 21 (9
mmol/L).

Total serum bilirubin concentration did not change sig-
nificantly over time, and all values were within the refer-
ence range throughout the study.

Serum albumin concentrations changed significantly over
time (P 5 .0001), being significantly decreased at 5, 9, 13,
17, and 21 weeks and increasing back to pretreatment con-

centrations by week 27. Only 2 values (dog 9 at weeks 9
and 17) were below the reference range during the study.

Discussion

Physical Examinations and Serum Phenobarbital
Concentrations

Body weights increased significantly during the study,
with large variations among individuals. Weight gain is a
common adverse effect of phenobarbital administration and
is caused by a more sedentary life style and primary poly-
phagia.1 The finding of enlarged livers in several dogs
based on abdominal palpation during the study was con-
firmed radiographically.

It has been proposed that phenobarbital is eliminated
faster in Beagles than in mongrel dogs, with mean half-
lives of 32 and 70 hours, respectively.19 This effect could
result in lower steady-state, serum drug concentrations in
Beagles, which was not observed in these dogs. Wide var-
iability in the absorption, metabolism, and excretion of the
drug among individuals20 might explain why these Beagles
did not have lower serum phenobarbital concentrations than
mongrel dogs.

Histopathologic and Diagnostic-Imaging Findings

To our knowledge, no prospective study comparing
changes in serum liver function tests with changes in the
histopathologic appearance of the liver in previously nor-
mal dogs during phenobarbital treatment has been reported.

Hepatocytes were of increased size and their cytoplasm
had a granular, ground glass appearance in the histopatho-
logic sections of the livers during treatment. There was no
morphologic evidence of parenchymal damage. The inci-
dental findings of distinct hepatocellular vacuolization, ap-
optotic hepatocytes, and small granulomas were considered
to be within normal limits of variation because there was
no evidence of progression, and the changes were present
in very low numbers. Moreover, these changes were not
associated with particularly high serum ALP, ALT, bilirubin,
or bile acid concentrations or particularly low serum albu-
min concentrations in the respective dogs at the respective
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times. The ground glass morphologic features of the he-
patocytes during phenobarbital treatment were very similar
to previous descriptions15,21–23 and are probably caused by
proliferation of smooth endoplasmatic reticulum (SER) as
a result of microsomal enzyme induction. A definitive di-
agnosis would have been possible only with electron mi-
croscopic evaluation. Hepatic microsomal drug-metaboliz-
ing enzymes are found predominantly in a centrilobular lo-
cation,24,25 but induction of the enzymes by phenobarbital
occurs throughout the liver lobule in equal amounts, there-
fore diminishing the centrilobular dominance of drug-me-
tabolizing activity.24 This is in accordance with our finding
that the ground glass change was equally distributed
throughout the whole liver lobule. The fact that we were
unable to distinguish slides of week 10 from slides of week
27 indicates that the SER proliferation had peaked by 10
weeks of treatment.

Intrinsic hepatotoxicity did not occur at therapeutic se-
rum phenobarbital concentrations after 27 weeks of treat-
ment in the dogs reported here. The lack of histopathologic
changes from week 10 to week 27 of treatment and the
absence of radiographic, ultrasonographic, and microscopic
evidence of liver damage after 27 weeks of treatment in-
dicate that the effects of phenobarbital on the liver had
reached a plateau phase by that time. However, the time
frame of our study did not allow us to completely rule out
that phenobarbital would act as an intrinsic hepatotoxin at
therapeutic serum concentrations after a longer treatment
period. Although the foci of perivascular inflammation in
dogs 7 and 9 after 27 weeks were considered insignificant,
they might have represented early signs of an idiosyncratic
reaction in the respective animals. Liver biopsies at a later
point would have been beneficial to assess the importance
of these lesions. Further, it is still unclear whether cases of
liver damage occurring at phenobarbital serum concentra-
tions above 40 mg/mL are caused by idiosyncratic reactions
or caused by a dose-dependent, intrinsic toxicity. Prospec-
tive studies over several years with serum phenobarbital
concentrations above the therapeutic range are needed to
clarify this issue. Cases of morphologic liver damage oc-
curring after a few months of treatment in dogs with serum
phenobarbital concentrations within the therapeutic range
are caused by an idiosyncratic reaction to the drug, the ef-
fects of additional hepatotoxins as proposed earlier,5,22 or an
associated and independent underlying liver disease.

Considering the lack of significant liver abnormalities
during treatment, it is not surprising that ultrasonographic
examination of the liver did not identify any changes in
that organ. Ultrasonographic liver evaluation does not seem
to be affected by the enzyme-inducing effects of the drug
on this organ. Liver length, as measured on a lateral radio-
graph, is reliable in estimating liver volume in dogs.26 The
increase in liver size observed on radiographs probably was
caused by enzyme induction, which causes SER prolifera-
tion and thus increased hepatocellular size and liver
weight.15,27 Our radiographic findings suggest that there is
a large variability in the degree of hepatic enlargement
among dogs, with Beagles being more affected than the
larger hounds and mixed breed dogs.

Serum Liver Parameters

ALP and ALT increased significantly over the course of
the study, GGT had a transient increase, and serum albumin
concentration had a transient decrease. AST, fasted bile ac-
ids, and total bilirubin concentration did not change during
phenobarbital treatment. The lack of a contemporaneous
control group in our study could make it difficult to expand
our findings on a random population of dogs (gender, fast-
ing status, and time of blood sampling). However, the ob-
served statistically significant changes were independent
from these parameters, because every dog served as its own
control.

Serum ALP is well known to increase in dogs during
phenobarbital treatment without actual hepatocyte damage
or biliary stasis.8,11,13–15,17 Increases were found to be caused
by the hepatic isoenzyme 17,28 and are accompanied by in-
creased concentrations of ALP in the liver.15 Biliary stasis,
hepatocellular damage, and drug induction are known to
increase hepatic ALP in the serum.25 We did not find evi-
dence of biliary stasis or significant hepatocellular damage
on histopathologic examination, and we attributed the in-
crease in ALP to the enzyme-inducing effects of pheno-
barbital.

Similar to ALP, hepatic GGT is a membrane-associated
enzyme in dogs. Serum GGT also is increased by biliary
stasis and drug induction.25 In dogs, it is thought to be less
sensitive, but more specific, for liver damage than ALP.29

The lack of histopathologic evidence for biliary stasis in-
dicates that increased GGT activities in our dogs were
caused by enzyme induction. Moderate increases in serum
GGT activities in dogs may occur because of phenobarbital-
associated enzyme induction,12 but another study found no
effect of the enzyme inducers, primidone and phenytoin, on
GGT.16 It is unclear why GGT activities, unlike ALP and
ALT, decreased again toward the end of the study. Perhaps,
enzyme induction lost its impact on GGT after this extend-
ed period. Focal and transient cholestasis (related or not to
phenobarbital treatment) may have been responsible for the
temporary increase in GGT. However, no other diagnostic
tool assessing cholestasis (ALP, bile acids, liver biopsies,
or ultrasonography) provided further support for this hy-
pothesis.

AST and ALT are ‘‘leakage enzymes’’ and are found in
the hepatocellular cytosol in dogs. AST also is localized in
hepatic mitochondria and in muscle tissue.25 Their serum
activities can be increased because of direct hepatocellular
injury or alteration of cell membrane permeability, but in-
creases after enzyme-inducing drugs also have been re-
ported.12 ALT may be increased by anticonvulsant treatment
in dogs without other biochemical indications of liver in-
jury,8,12,16 but increases caused by enzyme induction are
commonly smaller than after hepatocellular necrosis or bile
duct occlusion.12 AST can be increased by phenobarbital
treatment in human beings30 and rats.21 Although increases
in AST caused by enzyme-inducing drugs are possible in
dogs as well,12 a study of Beagles treated with high doses
of phenobarbital over 3 weeks revealed no effect of this
drug on AST.17 Our results support this finding in dogs
treated for an extended period. It appears that the increase
in ALT is caused by enzyme induction and not by hepa-
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tocellular leakage, because one would expect a concomi-
tant, but smaller, increase in AST in the latter instance. It
seems that the 2 enzymes have a different susceptibility
toward enzyme induction by phenobarbital in dogs. The
extent of the enzyme-inducing effect on hepatic enzymes,
including ALP and ALT, varies among individuals.6,9,31 This
finding was also observed in our study.

Serum albumin concentrations commonly are measured
as a nonspecific marker for liver function.12 There was no
obvious impairment of hepatic functional capacity caused
by organ injury as determined by normal histopathologic
findings and fBA, and the temporary decrease in our dogs
cannot be caused by this mechanism. Its cause remains
unclear, but because only 2 of 72 concentrations were be-
low the reference range during treatment, the phenomenon
and its mechanism appear to be of little clinical impor-
tance. Possible causes for the decrease include a direct
effect of phenobarbital on albumin synthesis or degrada-
tion, and fluid shifts between body compartments during
the study.

fBA concentrations did not change over time in our
study. The minor increases in several dogs during the treat-
ment period could be caused by ingestion of feces during
the fasting period, and we found evidence of stomach con-
tents radiographically in several individuals despite food
withdrawal. Bile acids therefore were measured in a post-
prandial rather than a fasted blood sample in the respective
individuals, which would account for the increased values.
Total bilirubin concentration did not change over time, and
no concentration was above the reference range at any time.
This finding confirms that fBA and total bilirubin are liver
function tests that are not affected by the enzyme-inducing
effects of phenobarbital.8,17

Our findings suggest that abnormal values for AST, se-
rum albumin, total bilirubin, and fBA in dogs treated with
phenobarbital cannot be attributed to the enzyme-inducing
effect of the drug. ALP, ALT, and GGT are of limited di-
agnostic value because of the effects of enzyme induction.
Increases above the reference range during phenobarbital
treatment without actual liver damage are more common
and greater for ALP than for ALT and GGT.

Footnotes

aCanine 2000 5P41, PMI Feeds Inc, St Louis, MO
bDiazepam 5 mg/mL, Steris Laboratories Inc, Phoenix, AZ
cVetamine 100 mg/mL, Mallinckrodt, Mundelein, IL
dNolvasan Solution, Fort Dodge Laboratories Inc, Fort Dodge, IA
eAdams Shampoo, Pfizer Animal Health, Exton, PA
fSL-668 (in 1.6% dilution), Sunbelt Laboratories, Houston, TX
gHP ACTHar gel, 80 IU/mL, Rhone-Poulenc Rorer Pharmaceuticals

Inc, Collegeville, PA
hAzium, 2 mg/mL, Schering-Plough Animal Health Corp, Kenil-

worth, NJ
iOccult test; DiroCHEKt, Synbiotics Corp, San Diego, CA
jPhenobarbital, Vintage Pharmaceuticals Inc, Charlotte, NC
kHill’s Science Diet (Canine Maintenance), Hill’s Pet Nutrition Inc,

Topeka, KS
lUltramark 8, Advanced Technology Laboratories, Bothell, WA
mBiopty-Cut Needle, Bard Radiology, Covington, GA
nBiopty, Radioplast AB, Uppsala, Sweden

oTDx/TDxFLx Phenobarbital II, Abbott Laboratories, Abbott Park, IL
pSAS version 6.12, SAS Institute, Cary, NC
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