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ABSTRACT – Purpose. The precise role of carnitine as the key regulator of lipid metabolism in 
sepsis is unclear. In this review, available experimental as well as clinical evidences regarding the 
probable beneficial effects of carnitine in sepsis were evaluated. Method. A comprehensive literature 
search was performed in the related medical databases. Related experimental and clinical studies were 
included. Results and Conclusion: The plasma and tissue level of carnitine or its derivatives in septic 
condition is variable and inconclusive. Survival and outcomes are considered in only few studies. 
Despite its favorable safety profile, due to limited clinical evidence, it seems reasonable not to 
currently consider carnitine as a mandatory and beneficial supplement under septic conditions. Further 
well-designed, standard clinical trials are warranted in this regards.  
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
__________________________________________________________________________________ 
 
INTRODUCTION 
 
Carnitine is an amino acid derivative which is 
synthesized endogenously from the essential amino 
acids lysine and methionine (1). Although the initial 
steps of carnitine synthesis occur in most 
mammalian tissues, the main final reaction, 
hydroxylation of γ-butyrobetaine to carnitine, take 
place only in a few organs. It seems that the liver is 
the main site for this reaction in rats, while in 
humans, carnitine is synthesized in kidney, liver, 
and brain where the essential enzyme, γ-
butyrobetaine hydroxylase is located (2). Carnitine 
is stored mainly in muscles. 

Carnitine has an important role in facilitating 
medium- and long-chain fatty acid transport from 
the cytosol into mitochondria for β-oxidation and 
energy generation. In addition, carnitine stimulates 
pyruvate dehydrogenase complex activity and the 
Krebs cycle, increasing branched-chain amino acids 
oxidation in muscles (3). 

Oral dosage forms of carnitine are currently 
approved by the US Food and Drug Administration 
for primary systemic and secondary carnitine 
deficiency. In addition, intravenous carnitine is 
approved in acute and chronic treatment of patients 
with secondary carnitine deficiency (4-6) as well as 
prevention and treatment of carnitine deficiency in 
patients with end-stage renal disease (ESRD) 
undergoing hemodialysis (7-15). Some unlabeled 
uses of carnitine are treatment or prophylaxis of 

valproate toxicity (16, 17), Alzheimer's disease 
(18), muscle disorders (19), cardiovascular diseases 
(20), HIV infection (18, 21), and male infertility 
(22). 

In addition to de novo synthesis, carnitine is 
being obtained exogenously. Meat is known to be 
the best food source for exogenous carnitine. Milk, 
dairy products, seafood, and fish take the next 
place, while vegetables contain a negligible amount 
of carnitine (23). Large amounts of carnitine (20-
200 mg/day for a 70 kg individual) along with 
essential amino acids and micronutrients needed for 
endogenous carnitine biosynthesis could be 
provided by a regular balanced diet. Even in strict 
vegetarian diets (as little as 1 mg/day exogenous 
carnitine for a 70 kg person), endogenous synthesis 
combined with the high renal tubular reabsorption 
rate is enough to prevent deficiency in generally 
healthy people. Hence, carnitine deficiency seems 
to be uncommon in the healthy, well-nourished 
adult people (24). 

There are 2 distinct types of carnitine 
deficiency, including primary and secondary 
deficiency. Primary carnitine deficiency, a rare 
autosomal recessive disorder, is resulted from  
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genetic defect in the membrane carnitine transporter 
in the muscle. In this disorder, plasma free carnitine 
values are below 5 µM, much less than its normal 
range defined as 25-50 µM (25, 26). Primary 
carnitine deficiency was first described as muscle 
carnitine deficiency in 1973 (27). Following this, 
systemic carnitine deficiency associated with 
concurrent hepatic encephalopathy and myopathy 
as well as progressive cardiomyopathy was also 
reported (28). Assuming the overlapped clinical 
manifestations of the hepatic, myopathic, and 
cardiac forms, most clinicians consider systemic 
carnitine deficiency as a single entity. 

Secondary carnitine deficiency is related to 
some inborn errors of metabolism and acquired 
medical conditions such as organic aciduria, 
mitochondrial respiratory chain defects, methylene 
tetrahydrofolate reductase deficiency, and treatment 
with valproate (29), zidovudine, and pivampicillin 
(30-31). It also can be caused by impaired proximal 
renal tubule carnitine reabsorption and incomplete 
carnitine biosynthesis in immature neonates with γ-
butyrobetaine hydroxylase deficiency (2). Chronic 
conditions including kidney diseases, diabetes 
mellitus, heart failure, cirrhosis, fanconi syndrome, 
malabsorption, and alzheimer’s disease have been 
also associated with secondary carnitine deficiency. 
Besides chronic conditions, secondary carnitine 
deficiency has been also observed in critical 
settings such as trauma, sepsis, and acute organ 
failure, resulted in increased need for exogenous 
carnitine. Septic patients may also vulnerable to 
carnitine deficiency due to acquired liver and 
kidney dysfunction (16, 32). Carnitine deficiency 
was reported in hypermetabolic critically ill patients 
following parenteral nutritional support which may 
be related to the fact that available total parenteral 
nutrition (TPN) solutions are carnitine free (33). It 
is hypothesized that long term critically ill patients 
progressed to sepsis may be suffered from carnitine 
deficiency and its related complications such as 
immune system malfunction (32). 

Sepsis defined as a severe and overwhelming 
inflammatory response to an infection that may 
progress to multiple organ dysfunction syndromes 
(MODS) with high morbidity and mortality (34-37). 
Blood flow redistribution and changes in substrate 
utilization in sepsis can lead to hypermetabolic state 
in association with tissue hypoperfusion and 
inadequate oxygenation (38, 39). In excessive 
stress, energy sources will be switched preferably 
from carbohydrates to more dense ones such as 
lipids. Thus, these circumstances allow 

carbohydrates to move toward those tissues like 
central nervous system (CNS) which has the 
obligatory pathway of glucose consumption (1). 
This metabolic adaption is evidenced by low 
respiratory quotient (RQ) even when there are 
sufficient carbohydrate sources (40). Sepsis and 
endotoxaemia result in impaired lipid metabolism 
and hepatic energy generation from fatty acid 
oxidation (41). In patients with sepsis, cells are 
more susceptible to inflammatory mediators such as 
TNF and lipopolysacharide (LPS) due to abnormal 
carnitine metabolism which may lead to septic 
shock syndrome and multiple organ failure (42). 

Carnitine prevents accumulation of toxic acyl 
Coenzyme A (CoA) compounds and insufficient 
energy production which may occur during sepsis 
by regulating ratio of acyl-CoA to free CoA in the 
mitochondria (16, 43). A number of experimental 
and clinical studies have been demonstrated 
carnitine serum or plasma level abnormality in 
septic conditions (44-49). 

Considering the fact that lipid metabolism 
impaired in sepsis, carnitine might exert its 
beneficial effects through enhancing lipid oxidation 
and energy formation. In this review, available 
published experimental as well as clinical data 
regarding the role of carnitine administration in 
sepsis were collected and discussed. To the best of 
our knowledge, this is first review that have 
gathered and evaluated all animal and human 
published data on carnitine supplementation in 
sepsis. 
 
METHODS 
 
A comprehensive literature search was performed 
using relevant key words including “carnitine”, “L-
carnitine”, “levo-carnitine”, “acetyl-carnitine”, 
“sepsis”, “septic”, “septic shock”, “critically ill” 
and “severe sepsis” in the following databases: 
Scopus, Medline, Embase, Google scholar, 
Cochrane central register of controlled trials, and 
Cochrane database systematic reviews. 
Bibliographies of eligible articles were also 
examined for additional relevant studies. No time 
limitation was considered in this review. Thirty four 
articles regarding carnitine level measurement in 
septic condition were found. The search was limited 
by focusing on only interventional studies about 
carnitine administration in sepsis. Non-English 
language articles, congress abstracts, as well as in 
vitro studies were considered ineligible for 
inclusion.  
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Non-clinical studies 
Four studies have focused specifically on the effects 
of carnitine administration in experimental models 
of sepsis. In the first one published by Takeyama et 
al. in 1989, sepsis was induced by intraperitoneal 
administration of Escherichia coli 
lipopolysaccharide (LPS) in rats. L-carnitine (500 
mg/kg) injected intraperitoneally at 16 h and 30 min 
before LPS administration. There were 2 control 
groups receiving saline instead of L-carnitine and 
saline instead of LPS, respectively. After LPS 
injection, rats were checked for survival every 1 h 
for 24 h. The concentrations of CoA and carnitine 
derivatives (except for malonyl-CoA) declined in 
the liver following LPS administration while the 
level of hepatic malonyl-CoA increased 
significantly. This suggests that LPS causes 
activated fatty acids to undergo esterification and 
lipogenesis rather than oxidation. L-carnitine 
treatment before LPS injection increased survival 
rate significantly (P < 0.05), but did not affect 
enzymes involved in metabolizing fatty acids, CoA, 
or carnitine derivatives in the liver. L-carnitine plus 
LPS administration was associated with higher 
plasma levels of free L-carnitine and total acid 
soluble carnitine at 6 h than L-carnitine plus saline. 
This might be due to alteration in the rate of 
exogenous L-carnitine absorption from abdominal 
cavity or its excretion from the circulation. 
Although exogenous L-carnitine had a considerable 
effect on hepatic levels of carnitine and its esters, 
but it did not alter the level of ketone bodies and 
CoA. Actually, they decreased exactly at the same 
manner in the group received saline plus LPS. Not 
only free hepatic carnitine, but also total acid-
soluble carnitine as well as acid-insoluble acyl-
carnitine increased after L-carnitine administration. 
This could be due to the fact that exogenous L-
carnitine has access to acyl-CoA pool through the 
activity of carnitine acyltransferase (50). 

In 1993 Gallo et al evaluated the potential role 
of carnitine and its derivative, 2-hydroxybutyryl 
ester of isovalerylcarnitine tartrate (VBT carnitine) 
in normalizing hepatic lipid metabolism in LPS-
induced sepsis in rats (41). L-carnitine (100 mg/kg) 
or VBT carnitine (to deliver 100 mg/kg carnitine) 
was injected intraperitoneally at -16 h, -8 h, and 
zero time in the carnitine-treated group. Within 2 h 
of LPS injection, all 14 and 17 rats in carnitine- and 
VBT carnitine-treated groups were within fair to 
normal health status, respectively compared to only 
4 out of 11 rats in the control group. By 30 h, only 3 
out of 9 survivors from the control group 

considered as fair to normal; whereas, all survived 
animal in carnitine- (n = 9) and VBT carnitine-
treated groups (n = 12) were within fair to normal 
health status. Finally over 96 h observation period, 
carnitine and VBT carnitine may have declined the 
lethality of LPS-induced sepsis since there were 7 
and 5 deaths in these groups, respectively compared 
to 8 deaths in the control group. So, administration 
of both carnitine and VBT carnitine markedly 
delayed and decreased the severity of sepsis and 
hastened recovery. Along with less illness in 
carnitine or VBT carnitine-treated groups, greater 
food consumption and less weight loss were also 
observed. In addition, serum triglyceride (TG) was 
significantly lower in both carnitine treatment 
compared to control groups. This might be related 
to decrease in hepatic synthesis of fatty acids and 
decline in fatty acid moving toward esterification. 
Moreover, liver lipogenesis in the control group 
was significantly increased compared to both 
carnitine-treated groups. In this study, liver 
carnitine level increased in both control and 
carnitine-treated groups. Although increase in liver 
carnitine level is an unexpected finding in sepsis, 
but it may be regulated by glucagon which 
increases in sepsis. The results of this study 
demonstrated the striking effects of carnitine and 
VBT carnitine in the health of septic rats. There 
were no detectable differences in effectiveness 
between carnitine and its derivative, but VBT 
carnitine seems to be more effective in the 
treatment of heart muscle disease and brain 
ischemia. According to results of this study, the 
authors suggested that carnitine may have a 
therapeutic role in sepsis treatment through 
changing fatty acid metabolism from the 
esterification to oxidation pathway (41). 

In 1996, Yamakawa et al (51) assessed the 
distribution of carnitine in rats with sepsis or acute 
liver failure. Sepsis was induced by cecal ligation 
and puncture. Five rats each in the control, sepsis 
and acute liver failure groups were given a single 
intravenous injection of carnitine (250 mg/kg) via 
the tail vein. They were killed 2 h later. In the 
sepsis group before carnitine administration, the 
muscle free carnitine level was significantly 
decreased compared to that in the control group. 
The hepatic free carnitine level also decreased in 
the sepsis group. Short-chain acyl-carnitine was 
increased in adipose tissue, while both free carnitine 
and short-chain acyl-carnitine were increased in the 
epididymis compared with levels in the control 
group. No significant differences were noted in 
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other tissues. After L-carnitine administration, the 
concentrations of free carnitine and short-chain 
acyl-carnitine increased in the liver and kidneys, 
while the renal level of long-chain acyl-carnitine 
decreased. These findings demonstrated the 
accumulation of exogenous free carnitine as well as 
the transport and synthesis of endogenous free 
carnitine and short-chain acyl-carnitine. Most short-
chain acyl-carnitine may be acetylcarnitine, which 
is probably produced by the transfer of acetyl 
groups or fatty acid oxidation. Muscle levels of free 
carnitine and short-chain acyl-carnitine also 
increased in a less marked degree; although free 
carnitine level was nearly restored to the control 
value, probably because that carnitine pool in 
muscle was too large to be influenced by the dose 
of exogenous carnitine. According to these findings, 
it can be concluded that exogenous free carnitine 
accumulated directly in organs of septic rats 
involved with carnitine deficiency, suggesting a 
role for carnitine in the regulation of lipid 
metabolism in sepsis (51). 

Inflammatory cytokines have been 
demonstrated to play a pivotal role in altering 
overall metabolism in several experimental and 
clinical models of diseases-induced cachexia such 
as sepsis, cancer, and AIDS. Successful 
management of cachexia could reduce the 
discomfort and enhance the quality life of affected 
patients. Several modalities of treatment have been 
studied for achieving this purpose. In the last study 
from experimental series published in 1995, Winter 
et al. investigated the potential effect of L-carnitine 
on the level of plasma TG as well as inflammatory 
cytokines including TNF-α, IL-1β, and IL-6 in 2 
types of rat models, cachexia due to sarcoma and 
septic shock. In septic shock model, sepsis was 
induced by the intraperitoneal injection of 
Escherichia coli LPS. At -16, -8, 0, and 8 h post 
LPS injection, rats received either carnitine (100 
mg/kg) in buffer or buffer only intraperitoneally. In 
sarcoma-induced cachexia model, sarcoma was 
developed by subcutaneous implanting of 
methylcholanthrene on the left flank of rats. They 
were divided into 2 subgroups receiving either 
carnitine continuously (200 mg/kg/day) via 
implanted osmotic pumps or buffer for 7, 14, 21, or 
28 days. In LPS-induced sepsis model, carnitine 
significantly lowered the level of illness (P < 0.001) 
and improved food consumption. In addition, 
carnitine-treated compared to control rats 
demonstrated a significantly lower plasma level of 
TG (45 ± 6 vs. 83 ± 8 mg/dl, respectively; P < 

0.001). The serum level of TNF-α in carnitine-
treated group were significantly lower than that of 
the control group (P < 0.02). In sarcoma-induced 
cachexia model, food consumption, rat body, and 
tumor weight did not differ significantly between 
control and carnitine-treated rats. In contrast, 
carnitine treatment for 7 days significantly 
decreased the tumor-induced rise in TG level (P < 
0.04). Furthermore, plasma concentrations of TNF-
α and IL-1β were significantly lower following 28 
days of receiving L-carnitine compared to control 
rats (P < 0.04). Regarding the profile of plasma 
carnitine level, it reached the highest level 7 days 
after pump implantation but decreased to almost 
control level over the next 21 days. The authors 
suggested that obstruction of pumps by host tissue 
growth could decrease carnitine delivery. This 
might account for the failure of carnitine treatment 
in lowering TG levels for longer than 7 days in 
sarcoma-induced cachexia model. The results of 
this study demonstrated that carnitine treatment has 
beneficial effects on morbidity as well as lipid 
metabolism in 2 experimental models of LPS-
induced septic shock and sarcoma-induced cachexia 
partially through reducing serum levels of 
inflammatory cytokines (52). 

The aforementioned experimental 
investigations examined the role of carnitine in 
different septic animal models. Septic state was 
induced by cecal ligation and puncture, LPS or live 
bacteria injection. This may partially account for 
some inconclusive results of these studies. As 
plasma carnitine might not show an accurate 
estimation of total body carnitine pool, animal 
models allow measurement of tissue level of 
carnitine which may be difficult to be done in 
human subjects. Few studies have considered 
survival as their endpoint. Carnitine injection 
increased survival rate significantly without 
affecting its level in liver which may be justified by 
altered carnitine absorption from peritoneum or its 
elimination from the blood (5). Carnitine could 
improve sepsis severity in septic rats (41, 46). It has 
favorable role in normalizing lipid metabolism in 
sepsis. The results of carnitine values are variable 
and controversial depending on measuring carnitine 
level as free carnitine, acylcarnitine, or total 
carnitine in blood, urine, muscles, myocardium, 
liver, or other tissues. Similarly, this issue has been 
noticed by Eaton et al in their review on carnitine 
and fatty acid oxidation in sepsis (1). Regarding the 
above drawbacks, results of the available animal 
studies should be validated and could be only  
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Table 1. Carnitine supplementation in sepsis, animal data 
Study 
(Reference) 

Subjects (Number) Intervention group 
Evaluated 
parameters 

Main result(s) 

Winter et al, 
1995 (52) 

Rats with LPS-
induced sepsis (not 
determined) or 
sarcoma-induced 
cachexia (35) 

LPS-induced sepsis: 
L-carnitine (100 mg/kg) 
intraperitoneally at -16, -8, 
0, and 8 h post LPS 
Sarcoma-induced 
cachexia: L-carnitine 
continuously (200 
mg/kg/day) via 
subcutaneous implanted 
osmotic pumps for 7, 14, 
21, or 28 days. 
 

Serum level of 
triglyceride, TNF-
α, IL-1β, and IL-6,  
L-carnitine; 
Health status, 
body weight, food 
consumption, 
tumor volume. 

L-carnitine treatment has 
beneficial effects on morbidity 
as well as lipid metabolism in 
experimental models of LPS-
induced septic shock and 
sarcoma-induced cachexia 
partially through reducing 
serum levels of inflammatory 
cytokines. 

Takeyama et 
al, 1989 (50) 

Rats with LPS-
induced sepsis 

L-carnitine (500mg/kg) 
injected intraperitoneally 
at 16 h and 30 min before 
LPS administration. 

Total and free 
carnitine 
concentration, 
CoASH, acetyl-
CoA, and 
malonyl-CoA 
levels. 

L-carnitine treatment before 
LPS injection increased 
survival rate significantly but 
did not affect enzymes 
involved in metabolizing fatty 
acids, CoA, or carnitine 
derivatives in the liver. 
  

Yamakawa 
et al, 1996 
(51) 

Rats with sepsis or 
acute liver failure (10) 

A single intravenous 
injection of L-carnitine 
(250 mg/kg) via the tail 
vein 

Free L-carnitine as 
well as acyl-
carnitine 
concentrations in 
the heart, 
gastrocnemius, 
liver, kidneys, 
adipose tissue and 
epididymis 
 

The concentrations of free L-
carnitine and short-chain acyl-
carnitine increased in the liver 
and kidneys, while the renal 
level of long-chain acyl-
carnitine decreased after L-
carnitine administration.  

Gallo et al, 
1993 (41) 

Lipopolysaccharide-
induced sepsis in rats 
(31) 

L-carnitine (100 mg/kg) or 
VBT carnitine (to deliver 
100 mg carnitine/kg) was 
injected intraperitoneally, 
at -16 h, -8 h, and at zero 
time in the carnitine-
treated groups. The final 
dose of carnitine was 
administered at 8 hr post-
LPS in the carnitine-
treated groups 

Health status, 
serum carnitine an 
triglycerides level, 
food consumption 
and lipogenesis 

Carnitine and its derivative, 
isovalerylcarnitine tartrate 
markedly delayed and 
decreased the severity of 
illness, hastened recovery, and 
serum triglycerides in sepsis 
 
Carnitine may have a 
therapeutic role in sepsis 
treatment partially through 
changing fatty acid 
metabolism from the 
esterification to oxidation 
pathway 

 
 
considered as a guide for performing clinical trials 
in this area. Details of non-clinical studies on the 
effect of carnitine administration on sepsis are 
given in Table 1. 

Clinical studies 
For the first time, beneficial effects of carnitine 
treatment in 2 critically ill patients were reported by 
Carlsson et al. in 1984 (40). In that study, carnitine 

was infused to 2 mechanically ventilated male 
patients with peritonitis and septicemia who were 
receiving TPN. The blood pressure in one patient 
was maintained by dopamine infusion and both 
were receiving insulin along with their TPN (50% 
fat and 50% glucose) to control their blood glucose 
levels. Carnitine administration (2 g) reduced 
insulin requirement by 70% after 24 h in one patient 
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and resulted in withdrawal of dopamine after 48 h 
of carnitine infusion (6 g) in another patient. 
Nitrogen balance was also improved (40). Although 
favorable effects of carnitine therapy in this study 
were demonstrated only in 2 patients, it opened a 
new window for research on carnitine therapy in 
critically ill patients with sepsis. Consequently, 
another study was performed in 1985 regarding 
acyl-carnitine administration (100 mg/kg/day) in 19 
patients under TPN (33). In this study, acyl-
carnitine was administered in 8 non-septic surgical 
patients and 11 septic patients; whereas 20 surgical 
patients without any evidence of infection or 
malnutrition were considered as the control group. 
During acyl-carnitine infusion, plasma TG 
significantly reduced in non-septic compared to the 
control group. Although the decrease of 37% and 
23% in hydroxybutyrate levels were also detected 
in non-septic and septic patients following acyl-
carnitine infusion, respectively, these differences 
were not statistically significant compared to the 
control group. Moreover, it is interesting to notice 
that during acyl-carnitine infusion, RQ decreased 
significantly only in septic patients which may be 
related to decrease in CO2 production. This showed 
the important role of carnitine in the oxidative 
metabolism in septic patients with hypermetabolic 
state. Reduction of RQ in septic patients may be 
associated with a utilization of substrates 
characterized by low RQ such as branched-chain 
amino acids and fatty acids rather than glucose and 
decline in directing glucose carbon to the 
lipogenesis pathway (33). 

Various aspects of immune system functions 
such as mitogen responsiveness of lymphocytes 
become compromised in traumatic injury patients. 
On the other hand, the ability of immune system 
following trauma is essential to combat against 
sepsis (53). Lymphocytes mainly utilize glucose 
(54), but most mitochondria of lymphoblasts are 
capable of oxidizing long-chain fatty acid which is 
carnitine-dependent (55). Carlsson et al. in 1987 
evaluated the stimulatory effect of intravenous (IV) 
carnitine supplementation (total dose of 110 mg/kg 
during a period of 4 days) on in vitro mitogenesis of 
lymphocytes obtained from 3 traumatic patients 
with severe post-operative infections (32). 
Augmenting culture of lymphocytes with carnitine 
markedly improved thymidine uptake. So, 
suppression of mitogenic response can be restored 
by the addition of carnitine to the culture medium. 
The rate of spontaneous thymidine uptake in 
patients received carnitine was comparable to that 

observed in healthy control patients. However in 
one patient, the high spontaneous thymidine uptake 
and the poor mitogenic response of lymphocytes, 
turned toward normal after carnitine 
supplementation. This normalized response was less 
influenced by the presence of carnitine in the 
culture medium of lymphocytes because adding 
carnitine to the culture medium actually worsened 
the poor mitogenic response of lymphocytes. Three 
patients received IV carnitine improved clinically 
and resumed spontaneous breathing, however, 
patients who did not receive carnitine 
supplementation were ventilator-dependent. 
Although carnitine improved mitogenic response in 
traumatic patients with infection, but no effect of 
carnitine on in vitro lymphocyte activation was 
identified in healthy control subjects. It is unclear if 
these different changes in thymidine utilization can 
be associated with carnitine supplementation or the 
medical and nutritional status of the patients. The 
probable beneficial effect of carnitine 
supplementation in traumatic septic patients may be 
restoration of lymphocytic carnitine deficiency. 

As discussed before, supplementation of 
carnitine is decreased in septic patients under TPN 
(56), but also the urinary elimination of carnitine is 
increased in these patients. Therefore it seems that 
additional supplementation of carnitine is required 
to increase the catabolism of infused lipid in septic 
patients under TPN (33, 57). Accordingly, Gibault 
et al. conducted a study in 1988 to evaluate effects 
of carnitine supplementation on catabolism of 
infused lipids in septic patients (58). Along with 
starting daily infusion of Intralipid 20%, 2 g/day 
carnitine was infused intravenously. As expected, 
free, total, and ratio of free/total carnitine levels 
rose in the intervention group during Intralipid 
infusion but, these parameters were comparable to 
healthy subjects’ values and were within the normal 
limit. Although the ratio of free/total carnitine 
increased significantly until 4 h, but at 6 h, they 
returned to basal level. No significant difference 
was seen between 2 groups regarding TG level 4 h 
after the complementation of Intralipid infusion. 
However, lipid plasma level decreased rapidly 
when Intralipid infusion was stopped. Interestingly, 
this decline was more quickly in the presence of 
carnitine. It seems that carnitine increased the 
uptake and hepatic oxidation of circulating fatty 
acids after complementation of Intralipid infusion. 
The mean acetoacetate and β-hydroxybutyrate 
levels increased higher and faster in carnitine-
treated than control groups between 0 and 4 h, but 
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the average concentrations of ketone bodies were 
insignificantly lower in carnitine group at 6 and 8 h. 
It means that exogenous fatty acids were converted 
more rapidly into ketone bodies in the presence of 
carnitine. Decrease in the non-esterified fatty 
acids/β-hydroxybutyrate ratio observed during 
carnitine supplementation might be considered as 
the marker of reestablishment of hepatic 
mitochondrial ketogenic capacity of infused fatty 
acids. The concomitant administration of carnitine 
with Intralipid attenuated the lactate and pyruvate 
plasma levels following Intralipid infusion. 
Different mechanisms have been proposed by the 
authors to justify carnitine effects in decreasing 
pyruvate level such as increasing the inflow of 
pyruvate in the Krebs cycle, reducing the rate of 

anaerobic glycolysis, and enhancing the elimination 
of acetyl radicals from the mitochondria (59). 
Finally, it seems that carnitine improved the uptake 
rate and oxidation of exogenous fatty acids by liver. 
Details of clinical studies regarding carnitine 
administration in sepsis were shown in table 2.  
 
CONCLUSION  
 
Carnitine is considered as a pivotal mediator of 
fatty acid oxidation that is the human preferred 
metabolic pathway during sepsis and critical 
conditions. To the best of our knowledge, this is 
first review that have gathered and evaluated all 
animal and human published data on carnitine 
supplementation in sepsis. 

 
Table 2. Carnitine supplementation in sepsis, human data 
Reference Study design Subjects (Number) Intervention Main result(s) 

Carlsson et 
al, 1984 (40) 

Case report Mechanically ventilated 
male patients with 
peritonitis and septicemia 
received TPN (2) 

The total 
cumulative doses 
of 2 and 6 g of 
carnitine were 
infused during 24 
hr and 48 hr, 
respectively   

Reduction in insulin 
requirement in one and 
withdrawal of dopamine in 
another patient. Nitrogen 
balance improvement 

Nanni et al, 
1985 (33) 

Controlled trial Patients during TPN (8 
;non-septic surgical 
patients and 11 septic 
patients) received acyl-
carnitine (19) 

Surgical patients without 
evidence of infection or 
malnutrition were 
considered as control group 
(20) 

Acyl-carnitine 
infused (100 
mg/kg/day) 
consistent with 
TPN 
administration 

Acyl-carnitine infusion 
decreased significantly the 
respiratory quotient in septic 
patients suggesting its 
important role in the oxidative 
metabolism in hypermetabolic 
state. 

Carlsson et 
al, 1987 (32) 

Not determined Traumatic patients with 
severe post-operative 
infections (3) 

Healthy control subjects (8) 

IV carnitine 
supplementation 
(total dose of 110 
mg/kg during a 
period of 4 days ) 

Patients received IV carnitine 
improved clinically and 
resumed spontaneous 
breathing, however, patients 
not received carnitine 
supplementation required 
mechanical ventilation.  

Gibault et al, 
1988 (58) 

Randomized, 
controlled trial 

Septic patients received 
carnitine (13) 

Septic patients without 
carnitine (control) (15) 

Carnitine (2 g/day) 
was infused IV 
along with starting 
daily infusion of 
Intralipid 

Carnitine increases the uptake 
and hepatic oxidation of 
circulating fatty acids after 
complementation of Intralipid 
infusion. 
Exogenous fatty acids are 
converted more rapidly into 
ketone bodies in the presence 
of carnitine.  
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The results of clinical and non-clinical studies are 
inconclusive depending on measuring carnitine 
level as free carnitine, acylcarnitine, or total 
carnitine in blood, urine, muscles, myocardium, 
liver, or other tissues. As plasma carnitine did not 
show an accurate estimation of total body carnitine 
pool, animal models allow measurement of tissue 
level of carnitine which may be difficult to be done 
in human subjects. Few studies have considered 
survival as their endpoint.  

Carnitine is generally considered to be a safe 
supplement at least in healthy adults. Unpleasant 
fishy body or urine odor (probably due to the 
formation of trimethylamine), flatulence, nausea, 
and vomiting, headache, pruritus and rash are 
common adverse reactions of high doses (up to 
6000 mg per day) of carnitine in various clinical 
settings (60). No clinically significant adverse 
reaction was reported in the available studies. 
However its safety profile in long term 
supplementation is remained to be determined. 

There are limited evidences regarding carnitine 
administration in septic conditions especially in 
clinical setting. On the other hand, relevant clinical 
studies are not well-designed, their sample sizes are 
relatively small, and few of them have considered 
survival and outcome as their endpoint. Limited 
data on carnitine levels in septic patients prevents 
having consistent evaluation of carnitine deficiency 
in this population which necessitates further 
investigation on this issue. Notably, all of subjects 
in human studies received carnitine parentally and 
no study has evaluated the efficacy of other 
administration routes of carnitine (such as orally or 
via enteral feeding tube). Due to these limitations, it 
is difficult to achieve a particular consensus about 
the precise role of carnitine supplementation in 
sepsis. However based on the favorable safety 
profile along with the documented effects of L-
carnitine in lipid metabolism as well as the pivotal 
role of lipid metabolism in providing adequate 
energy in sepsis, present data are encouraging but 
these need to be confirmed with further well 
designed standard clinical trials with large sample 
size. 
 
Future perspective 
There are limited experimental and clinical 
evidences regarding carnitine administration in 
septic conditions. On the other hand, relevant 
clinical studies are not well-designed, their sample 
sizes are relatively small, and few of them have 
considered survival and outcome as their endpoint. 

Controversial data on carnitine levels in septic 
patients disables having consistent evaluation of 
carnitine deficiency in this population which 
necessitates further investigations on this issue. 
Notably, all subjects in human trials received 
carnitine via parenteral route and no study has 
evaluated the efficacy of other administration routes 
of carnitine such as orally or via enteral feeding 
tube in sepsis. Regarding probable side effects, 
carnitine is generally considered to be a safe 
supplement at least in healthy adults. Unpleasant 
fishy body or urine odor (probably due to the 
formation of trimethylamine), flatulence, nausea, 
and vomiting, headache, pruritus, and rash are 
common adverse reactions of high doses (up to 
6000 mg per day) of carnitine in various clinical 
settings (54). 

Due to these limitations, it is difficult to achieve 
a particular consensus about the precise role of 
carnitine supplementation in sepsis. However based 
on the favorable safety profile along with the 
documented effects of carnitine in lipid metabolism 
as well as the pivotal role of lipid metabolism in 
providing adequate energy in sepsis, performing 
further well-designed, standard clinical trials with 
large sample size are warranted in this regards. 
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