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Abstract

Background Patients with cystic acne (CA) on Isotretinoin (Iso) therapy might present muscular symptoms as side effect of

the drug. Myalgia, weakness, hypotension are also some of the main characteristics of carnitine (car) de®ciency.

Methods Two hundred and thirty (N � 230) patients with CA were treated with Isotretinoin (0.5 mg/kg per 24 h). All the

patients were requested to visit our out-patient department at the onset of muscular symptoms. Laboratory tests including car

(total, free, acylcarnitine) were determined in blood and urine before treatment, at the onset of muscular symptoms and after the

end of a 45 day study. Fifty percent of the patients with muscular involvement received L-carnitine (100 mg/kg per 24 h per os)

(group C) and 50% placebo (group P).

Results Their laboratory tests showed the well known increases of their liver enzymes and lipids, whereas car blood levels

were remarkably decreased at the onset of their muscular symptoms and or at the end of the study. Their supplementation with

L-car, in patients of group C (N � 20) without Iso discontinuation or reduction, resulted in the disappearance of their muscular

symptoms within 5±6 days and normalisation not only of the increased levels of their liver enzymes but also those of car, at the

45 day of their therapy. Additionally, the patients who received placebo (group P, N � 20) continued complaining for mualgias.

The rest of the patients (group A, N � 190) did not experience any muscular symptoms, their laboratory tests showed elevation

of liver enzymes and lipids and a decrease in car levels in the blood whereas a remarkable increase of car excretion was

determined in their urine.

Conclusions Iso therapy decreases car blood levels in patients with CA. L-car supplementation might treat liver and muscular

side effects of the drug. These hopeful preliminary results need further investigation. q 1999 Elsevier Science B.V. All rights

reserved.
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1. Introduction

l-carnitine (b-hydroxy-g -trimethylaminobuturica-

cid) is a small water soluble molecule important in

mammalian metabolism. It is essential for the normal

oxidation of fats by the mitochondria and is involved

in the transesteri®cation and excretion of acyl - CoA

esters, the oxidation of branched chain a -ketoacids,

and removal of potential toxic acylcarnitine esters

from within mitochondria. Quantitative reductions in

total and/or acylcarnitine concentrations and changes

in the concentration of different acylcarnitine species

are known to occur in a number of inherited or

acquired disorders [1±3].

Furthermore, there are a number of reports of

acquired carnitine (car) de®ciency in patients on treat-

ment with Sodium Valproate some of which detail
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disturbances in mitochondrial b-oxidation [4±6]. On

the other hand, musculoskeletal pain or mild discom-

fort are observed when systemic retinoids are admi-

nistered. The upper trunk, middle and lower part of

the thoracic and lumbar spine, and the muscles of the

legs are usually involved. Occasionally it may be

necessary in reduce or discontinue the treatment

with Isotretinoin (Iso) [7,8].

Since inherited or acquired car de®ciency has been

reported to induce myalgia or muscle discomfort

which are also characteristic side effects of Iso, it is

speculated that these ®ndings of a possible acquired

car de®ciency in Iso treated patients should be inves-

tigated, The aim of this study was to estimate car

levels in blood and urine in patients with cystic acne

(CA) before and after 45 days on treatment with Iso

and to evaluate whether or not the supplementation

with l-carnitine could treat the muscular symptoms

presented as side effects of the drug.

2. Patients and methods

2.1. Patients

A high sample of two hundred and thirty (N � 230)

patients with CA (121 F, 109 M) mean age 20:8 ^ 1:5

years were treated with Iso (Ro ± Accutane 0.5 mg/kg

per 24 h). Fifty (N � 50) medical students of compar-

able age and sex were the control group.

The patients were requested to visit our out-patient

department at the onset of any muscular problem for

clinical and laboratory evaluation. Fifty percent of the

patients with muscular involvement should receive l-

car (100 mg/kg per 24 h) (group C) and 50% placebo

(group P).

In patients as well as in controls there was no

history of excessive physical activity, intercurrent

illness including infection, additional drug (i.e.

contraceptives, antiepilephic etr) or alcohol intake,

or passing of dark red urine.

2.2. Methods

Six millilitres of blood was drawn for the estima-

tion of liver function (SGOT, SGPT. alk. phosphatase,

total protein, gGt), lipid evaluation (cholesterol,

triglycerides, HDL, LDL, VLDL) as well as for crea-

tine kinase and aldolase. Tests for antibodies against

skeletal and smooth muscles, LE cells, complement,

antinuclear antibodies, rheumatoid factor and protein

electrophoresis were also evaluated.

Plasma and urine carnitine concentrations were

determined by a radioenzymatic assay. Free car values

were measured before and total car measured after

alkaline hydrolysis, The levels of acylcarnitine were

evaluated by determining the difference between total

car and total acid soluble car [9].

All the above tests were performed in the patients

before the initiation and after a 45 day period on treat-

ment, and in controls only once. The same laboratory

investigations were re-evaluated in those of patients,

who complained of myalgia, at the onset of their

symptoms. Estimation of total car contents in muscles

was not permitted by our ethical committee.

2.2.1. Statistical analysis

t-Paired test as well as t-tests for repeated measures

were utilised for the statistical analysis of the results.

P , 0:05 was considered statistically signi®cant.

3. Results

Mild myalgia and moderate stiffness of their lower

extremities were clinically observed in 40/230 (16%)

patients after 11±19 days (mean 15 ^ 4 days) on treat-

ment with Iso. On examination muscle tenderness of

their affected muscles was present without weakness

or wasting. These symptoms disappeared in the

patients of group C (N � 20) on l-carnitine treatment,

after 5±6 days, without reduction or discontinuation of

Iso therapy.

On the contrary, the patients on placebo (group P,

N � 20) continued complaining for such symptoms,

two discontinued their treatment, four received

systemic analgesic therapy and the rest of them

experienced mild myalgias.

On the other hand, as shown in Tables 1, 2 and 3,

there was a statistically signi®cant elevation of their

muscular and liver enzymes as well as a reduction of

blood car levels in patients of groups A and P at the

end of this study. Additionally, the same laboratory

results were observed in the patients of groups C and P

(Tables 2 and 3) at the onset of their symptoms

whereas non statistical differences in the results of

these tests were observed in group C at the end of a
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45 day therapy with Iso plus car (Table 3). Total

protein, showed no signi®cant differences in all

groups of patients.

Furthermore, Chol, LDL, VLDL and triclycerides

were elevated, HDL was reduced in the groups of

patients.

4. Discussion

Treatment with Iso has been reported to increase

the concentrations of serum cholesterol, triglycerides,

LDL and VLDL and to reduce HDL as were found in

all the groups of patients [8,10,11]. Additionally, the

liver and muscular enzymes were also elevated in the

groups A and P at the end of this study and in the

groups C and P before the establishment of l-car vs.

placebo treatment, supplementation, these ®ndings

were also reported in previous studies [8,10,11].

Furthermore, in group A (Table 1) at the 45 day of

therapy and in patients of groups C and P (Tables 2

and 3) at the onset of their symptoms, car levels, total

free, acylcarnitine were signi®cantly decreased

whereas the ratio AC/F and the excretion of car in

urine were remarkably elevated. This could be due

to some extend, to their liver dysfunction caused by

Iso. Liver is the organ where car is synthesised from

methionine and protein bound lysine [1,2]. Addition-

ally signi®cant loss of car occurs during haemodialy-

sis and car de®ciency has been suggested as a cause,

or at least a contributory factor in the muscle weak-

ness associated with chronic haemodialysis [12,13].

These symptoms, in a lesser degree were also

observed in the patients of groups C and P. The

absence of car de®ciency symptoms in the majority

of patients of group A could be due to either large

amounts of car taken with the food or to a large

stock of car in their muscle and or their lack of exer-

cise [1,2]. Interestingly, there are a number of reports

of car de®ciency in patients on treatment with Sodium

Valproate [5,6,14], some of which detailed distur-

bances in mitochondria oxidation [14]. Moreover,

patients on Valproate developed cardiomyopathy,

and other car de®ciency symptoms i.e. myalgia, weak-

ness etc. which were improved after l-car supplemen-

tation [5,6,14].

Also, the treatment with l-car has been recom-

mended to prevent the fatal hepatotoxic effects asso-

ciated with Valproic acid [14±17], Thioacetamide

[18], and in patients after haemodialysis resulting in

a reduction of their muscle cramps, hypotention and

improvement in their exercise capacity [12,13]. These

results were in agreement with our ®ndings in the

patients of group C (Table 3) whose symptoms not

only were ameliorated within 5±6 days on l-car treat-

ment, but also the elevated levels of their liver and

muscular enzymes declined to normal, It is suggested

that l-car may induce protection or recovery from the

`injury' caused by Iso. Moreover, Walter [1] showed

that although l-car supplementation could bring

plasma car concentrations within normal range,

muscle levels remained less than 5% of control values

despite treatment, but this appeared to be suf®cient for

normal fat oxidation within muscle [1]. On the

contrary, the presence of muscular symptoms in

patients of group P (on placebo) could be due either

to a minor subclinical disorder of fat metabolism

related to car insuf®ciency, or to the absence of car

in their food (vegetarians) [19] and or to a low stock of

car in their muscle.

Although, there are good theoretical reasons for

using l-car supplementation in patients on Iso therapy
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Table 1

Laboratory tests in patients of group A (N � 190) before and after

45 days treatment vs. controlsa

Tests Before After Controls

SGOT (units/l) 27 ^ 7* 39 ^ 9.0* 26.5 ^ 7.5

SGPT (units/l) 21 ^ 8* 37.0 ^ 9.5* 2.3 ^ 9.5

Al.Ph (units/l) 74 ^ 24* 86.0 ^ 28* 76 ^ 24

gGt (units/l) 12 ^ 3* 17.8 ^ 7.0* 13 ^ 4

CPK (units/l) 96 ^ 5.5** 128 ^ 9.8** 93 ^ 5.0

Ald (units/l) 104 ^ 12** 126 ^ 14** 110 ^ 14

Total protein (g/l) 7.6 ^ 0.4 7.7 ^ 0.5 7.5 ^ 0.5

Chol (mM/l) 54.3 ^ 9* 60.7 ^ 10* 52 ^ 10

Trig (mM/l) 0.63 ^ 0.3** 0.92 ^ 0.6** 0.61 ^ 0.3

HDL (mM/l) 2.57 ^ 1.2** 2.0 ^ 1.3** 2.53 ^ 1.3

LDL (mM/l) 1.53 ^ 1.3** 1.89 ^ 1.4** 1.55 ^ 1.4

VLDL (mM/l) 0.52 ^ 0.1* 0.71 ^ 10* 0.54 ^ 0.2

Blood (mmol/l)

T.car 18.0 ^ 4.4* 12.7 ^ 2.5* 17.9 ^ 5.8

F.car 14.0 ^ 3.0* 9.9 ^ 2.4* 15.0 ^ 4.3

AC 3.7 ^ 2.5** 4.76 ^ 1.3** 3.1 ^ 1.2

AC/F 0.21 ^ 0.03* 0.51 ^ 0.05* 0.22 ^ 0.01

Urine (mmol/l)

T.car 16 ^ 14** 25 ^ 10** 15 ^ 10

Free 10 ^ 5 14 ^ 6 9 ^ 5

a Values are expressed as mean ^ SD; *P , 0:01, **P , 0:05.
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Table 2

Laboratory tests in patients of group P (N � 20) before Iso treatment, at the onset of muscular symptoms and after 45 days treatment vs.

controlsa

Tests Before Onset of symptoms After Controls

SGOT (units/l) 25.6 ^ 8.0 37.5 ^ 8.0* 39.6 ^ 9.2* 26.5 ^ 7.5

SGPT (units/l) 22.6 ^ 9.0 34.9 ^ 9.5* 35.6 ^ 10.0* 2.3 ^ 9.5

Al.Ph (units/l) 76.0 ^ 25.0 78.0 ^ 20** 80.0 ^ 18.0** 76 ^ 24

gGt (units/l) 12.0 ^ 5.2 22.0 ^ 9.0* 24.0 ^ 8.1* 13 ^ 4

CPK (units/l) 98.5 ^ 6.5 108 ^ 10** 112 ^ 10.6** 93 ^ 5.0

Ald (units/l) 112.0 ^ 13.0 148 ^ 18** 150 ^ 15.0** 110 ^ 14

Total protein (g/l) 7.5 ^ 0.6 7.6 ^ 0.7 7.8 ^ 0.6 7.5 ^ 0.5

Chol (mM/l) 55.0 ^ 10.0 69.0 ^ 10* 68.0 ^ 9.0* 52 ^ 10

Trig (mM/l) 0.6 ^ 0.1 0.95 ^ 0.3* 0.92 ^ 0.5* 0.61 ^ 0.3

HDL (mM/l) 2.9 ^ 1.4 2.5 ^ 1.5** 2.3 ^ 1.5** 2.53 ^ 1.3

LDL (mM/l) 1.6 ^ 1.4** 1.99 ^ 1.5** 1.9 ^ 2.0** 1.55 ^ 1.4

VLDL (mM/l) 0.5 ^ 0.2* 0.91 ^ 0.2* 0.84 ^ 0.3* 0.54 ^ 0.2

Blood (mmol/l)

T.car 16.4 ^ 5.8 11.9 ^ 2.5* 13.0 ^ 1.2** 17.9 ^ 5.8

F.car 12.3 ^ 4.6 8.9 ^ 2.5* 10.7 ^ 4.5** 15.0 ^ 4.3

AC 3.05 ^ 1.2 3.9 ^ 1.3* 4.19 ^ 1.2** 3.1 ^ 1.2

AC/F 0.24 ^ 0.02 0.4 ^ 0.04* 0.45 ^ 0.01* 0.22 ^ 0.01

Urine (mmol/l)

T.car 15.0 ^ 6.0 30 ^ 12* 28 ^ 10* 15 ^ 10

Free 9.0 ^ 4.0 12 ^ 9** 13 ^ 9* 9 ^ 5

a Values are expressed as mean ^ SD; *P , 0:01, **P , 0:05.

Table 3

Laboratory tests in patients of group C (N � 20) before Isotretion treatment, at the onset of muscular symptoms and at the end of the studya

Tests Before Onset of symptoms After Controls

SGOT (units/l) 24 ^ 8.2* 39 ^ 10* 21 ^ 10.2 26.5 ^ 7.5

SGPT (units/l) 20 ^ 8.6* 39 ^ 10* 25 ^ 6.5 2.3 ^ 9.5

Al.Ph (units/l) 75 ^ 25* 88 ^ 29* 78 ^ 2.1 76 ^ 24

gGt (units/l) 12 ^ 5.1* 18.0 ^ 8* 15 ^ 7.6 13 ^ 4

CPK (units/l) 97 ^ 6.0** 135 ^ 10** 103 ^ 9.0 93 ^ 5.0

Ald (units/l) 110 ^ 13** 135 ^ 14** 112 ^ 15 110 ^ 14

Total protein (g/l) 7.4 ^ 0.5 7.7 ^ 0.5 7.6 ^ 0.8 7.5 ^ 0.5

Chol (mM/l) 56 ^ 10* 66.5 ^ 11* 60 ^ 10 52 ^ 10

Trig (mM/l) 0.68 ^ 0.5* 0.98 ^ 0.8* 0.70 ^ 0.7 0.61 ^ 0.3

HDL (mM/l) 2.78 ^ 1.4** 2.31 ^ 1.4** 2.5 ^ 1.5 2.53 ^ 1.3

LDL (mM/l) 1.62 ^ 1.4** 1.99 ^ 1.5** 1.6 ^ 1.5 1.55 ^ 1.4

VLDL (mM/l) 0.50 ^ 0.3* 0.75 ^ 0.3* 0.60 ^ 0.5 0.54 ^ 0.2

Blood (mmol/l)

T.car 19.0 ^ 5.0* 11.9 ^ 2.5* 16.2 ^ 6.8 17.9 ^ 5.8

F.car 15.0 ^ 3.9* 8.9 ^ 2.5* 13.0 ^ 4.5 15.0 ^ 4.3

AC 3.9 ^ 2.5* 6.9 ^ 1.4* 5.4 ^ 1.6 3.1 ^ 1.2

AC/F 0.22 ^ 0.03* 0.42 ^ 0.04* 0.25 ^ 0.04 0.22 ^ 0.01

Urine (mmol/l)

T.car 17 ^ 8* 30 ^ 12* 19 ^ 10 15 ^ 10

Free 11 ^ 5** 15 ^ 9** 12 ^ 8 9 ^ 5

a Values are expressed as mean ^ SD; *P , 0:01, **P , 0:5.



with muscular symptoms. placebo controlled trials in

a greater number of patients are necessary to con®rm

these hopeful preliminary results.
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