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The effect of carnitine on liver regeneration  after partial 
hepatectomy
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Abstract: Aim: The role of carnitine in liver regeneration. Can carnitine given externally increase and/or fasten 
the beginning of liver regeneration? 
Results: Wistar Albino rats were used. Group 1: The group, which was applied parenteral carnitine after partial 
hepatectomy and sacrifi ced on the 1st day. Group 2: The group, which was applied parenteral carnitine after 
partial hepatectomy and sacrifi ced on the 7th day. Group 3: The group, which wasn’t applied parenteral carni-
tine after partial hepatectomy and sacrifi ced in the 1st day. Group 4: The group which wasn’t applied parenteral 
carnitne after partial hepatectomy and sacrifi ced on the 7th day. To all the rats, partial liver resection with the 
rate of 70 % was applied. Being started shortly after the resection, 100 mg/kg/day parenteral L-carnitine was 
applied to the fi rst and second group. On the 1st and 7th days after the resection, eight subjects from each 
group were sacrifi ced. To evaluate the liver regeneration Ki-67 monoclonal antibody was used. 
After the examinations carried out by pathological clinic, detected mitosis number were examined. The 1st and 
7th day mitosis number of the rats taken into the study was seen as statistically signifi cantly higher than the 
mitosis number of the rats in the control group.
Conclusions: As a result, among the rats, which were applied hepatectomy, if met by the major conditions trig-
gering liver regeneration following the external carnitine supplementation, we can say with the help of the infor-
mation provided by the study measuring the regeneration capacity by analysing Ki-67 proliferation index, that 
external carnitine support can increase the capacity of regeneration if it is given in appropriate dose (Tab. 6, 
Fig. 7, Ref. 17). Text in PDF www.elis.sk.
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Research ethics committee approval was received from the 
Gazi University. And then, in the same university’s Raising Labo-
ratory Animals and Experimential Researchs Center (GUERM), 
this study was carried out. Wistar Albino rats, whose weights were 
200–250g and feeding with the laboratory feed, were used. These 
rats were in eight-ten weeks and their lives were maintained in 
fours cages, at room temperature, with creating 12 hour daylight-
darkness cycle, feeding with normal water and proper diet. Four 
groups, which each of them contained 8 rats, were taken into the 
research. The groups:

Group 1: The group, which was applied parenteral carnitine 
after partial hepatectomy and sacrifi ced in the 1st day. 

Group 2: The group, which was applied parenteral carnitine 
after partial hepatectomy and sacrifi ced in the 7th day.

Group 3: The group which wasn’t applied parenteral carnitine 
after partial hepatectomy and sacrifi ced in the 1st day. 

Group 4: The group, which wasn’t applied parenteral carnitne 
after partial hepatectomy and sacrifi ced in the 7th day.

Group 1 and Group 2 were the study groups and Group 3 
and Group 4 were the control group. Operations were performed 
in the fi rst half of the day in order to pretend the effect of daily 
changing regenerative response. By providing sterile conditions, 
after abdominal shaving of the rats under the 40 mg/kg Ketamine 
HCL (Ketas) anaesthesia, laparotomy was performed by midline 
incision with 2.5 cm. 

70 % hepatectomy was performed by tying liver left lateral and 
median lobs pedicules with 4/0 silk as Higgins and Anderson defi ne 
(1, 2). This method was preferred because of the advantages of it 
that is an easy performing feature and remained liver tissue was 
non-damaged. Received tissue samples (Fig. 1) were detected for 
the histopathological examination in the 10 % tamponed formal. 
Laparatomy incisions of all the rats were taped with two line con-
tinuous sutures by using 4/0 silk. Beginning shortly after the 70 % 
liver resection, while 100 mg/kg/day L-Karnitine was being given 
to fi rst and second group as intraperitoneal, 0,5 cc serum was given 
to third and forth groups as physiological intraperitional. After 
the liver resection, eight subjects from each group were sacrifi ed 
in 1st and 7th days. Shortly before the death, intracardiac blood 
samples were taken from the subjects for biochemical analyses. 
AST, ALT determinations in the blood samples was carried out in 
the biochemistry laboratory of our hospital.
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Biochemical analysis
In the blood samples of all the rats, which were taken as in-

tracardiac, the levels of ALT, AST, Albumin and Total Bilirubin 
were measured in the biochemistry laboratory of Ankara Atatürk 
Training and Research Hospital.

Immunohistochemical assessment
Immunohistochemical assessment was carried out in the pa-

thology laboratory of Ankara Atatürk Training and Research hos-

pital. Received tissue samples were detected for the histopatho-
logical examination in 10 % tamponed formal.

In the case, which had been taken into the study, in order to 
defi ne Ki-67 expression, incisions were prepared as 4 micrometer 
thickness paraffi n blocks incisions taken into the lams with Poly-
L-lysine. Ki-67 (SP6) ready to use rabbit monoclonal antibody and 
Immunohistochemical staining procedure was practiced.

While Ki-67 staining pattern being assessed, Wintzer’s meth-
od was used (3). On the assessed lams, 200 and 500 cells were 

Fig. 1. Schematic presentation of the partial hepatectomy and approximate parenchymal liver volume in the rats (frontal view of the liver) (2).

Fig. 3. 1st day comparison of the parameters of the rats (below).

Fig. 2. 1st day the weights of the rats in control and study groups.

RAT WEIGHT (gr)

Fig. 4. 7th day the weights of the rats in the control and study groups.

RAT WEIGHT (gr)

Fig. 5. 7th day comparison of the parameters belongs to the rats in the groups.
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counted in the fi eld of 200 and 400 big rate of growth. When im-
munohistochemical staining was being assessed, nuclear staining 
was considered and 10 thousand hepatocyt Ki-67 and cell number 
showing nuclear staining was determined.

Statistical analysis
In the assessment of the data provided in the study, SPSS FOR 

Windows 16. 0 (SPSS 16. 0 Inc Chicago, IL) statistic packet pro-
grams were used. Whether numeric data respect to normal distri-
bution or not was assessed with Shapiro–Wilk test. Cases defi ned 
as minimum, middle, and maximum values.

For the inter-group comparison, the Mann-Whitney U analysis and 
for the paired comparison the Wilcoxon Signed Rank tests were used.

In the categorical variables comparison, crosstab statistics 
were used (Chi-square and Mc Nemar). The limit of statistically 
signifi cance was determined as (p) 0.05.

Findings

Results of laboratory
Follow-up outcome of 32 rats with performed partial hepatec-

tomy during the experimental study, results which were provided 

Order Rat weight
(g)

Partial hepatectomy 
material weight (g)

1st day hepatectomy 
material weight (g)

KI-67 values
(%)

AST
(U/L)

ALT
(U/L)

Alb
(g/dl)

T.Bil
mg/dl

1 260 8.40 5.50 5 H* H 3 0.6
2 245 6.85 3.80 6 H H 3.1 0.4
3 210 5.80 2.23 5 H 1574 3 0.4
4 280 7.20 4.47 7 H H 2.80 0.5
5 320 8.25 3.93 6 H H 3.2 0.6
6 245 6.45 3.26 8 H H 3.4 0.6
7 250 6.30 3.50 9 H H 3 0.4
8 260 6.20 3.27 8 H H 3.15 0.3

* H – high

Tab. 1. Data belongs to rats from the control group performed hepatectomy in 1st day.

Order Rat weight
(g)

Partial hepatectomy 
material weight (g)

1st day hepatectomy 
material weight (g)

KI-67 values
(%)

AST
(U/L)

ALT
(U/L)

Alb
(g/dl)

T.Bil
mg/dl

1 450 8.4 8.80 1 312 206 2.2 0.1
2 420 9.1 9.87 2 172 103 2.6 0
3 272 8.6 11.4 0 192 120 2.9 0.1
4 257 5.8 7.06 1 299 188 2.5 0.1
5 270 6.2 3.43 1 H* H 2.8 1.1
6 260 5.9 3.54 2 H H 2.2 1
7 360 8.3 4.20 1 H H 3 1
8 245 5.4 4.25 1 H 1080 2.3 0.1

* H – high

Tab. 2. Data belongs to rats from the control group performed hepatectomy in 7th day.

Order Rat weight
(g)

Partial hepatectomy 
material weight (g)

1st day hepatectomy 
material weight (g)

KI-67 values
(%)

AST
(U/L)

ALT
(U/L)

Alb
(g/dl)

T.Bil
mg/dl

1 354 7.4 4.47 12 H H 3.1 1.3
2 397 6.73 3.93 14 H H 2.3 1.1
3 384 9.34 5.26 9 H H 2.4 0.3
4 460 9.15 5.50 7 H 1696 2.4 0.3
5 270 6.4 3.27 9 H H 3 1.2
6 260 5.7 3.74 10 H H 2.4 1
7 360 8.5 4.66 8 H H 3 1
8 245 5.15 4.0 7 H 1152 2.4 0.1

* H – high

Tab. 3. Data belongs to rats from the study group performed hepatectomy in 1st day.

Order Rat weight
(g)

Partial hepatectomy 
material weight (g)

1st day hepatectomy 
material weight (g)

KI-67 values
(%)

AST
(U/L)

ALT
(U/L)

Alb
(g/dl)

T.Bil
mg/dl

1 250 6.23 10.7 5 574 329 2.6 0.1
2 274 6.92 6.82 4 250 145 3 0.1
3 270 6.40 11.5 6 149 99 2.7 0
4 280 7.2 7.60 5 139 39 2.7 0
5 320 8.18 11.15 7 208 110 2.8 0
6 245 6.85 7.78 4 221 89 2.8 0.1
7 250 6.0 8.91 4 148 87 2.8 0
8 260 6.3 9.4 5 136 78 2.6 0.1

Tab. 4. Data belongs to rats from the study group performed hepatectomy in 7th day.
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by the experiment of liver tissues and blood samples taken on the 
1st and 7th experiment days in the pathology and biochemistry 
laboratory of our hospital are shown on the Figures 2–5 below. 
In the Tables 1–6, the outcomes of the study and control groups 
are listed separately.

The weights of the rats in the control group were seen as 
statistically signifi cantly lower than the rats in the study group 
(p=0.027). This difference is related to the following condition; 
when the groups were created in the beginning of the experiment, 
it was planned deliberately that the rats which had much weight 
considered as stronger in post-operation process. There was no 
statistically signifi cant difference between the materials of weights 
provided by partial hepatectomies which was performed in the 
beginning of the experiment on the 0th day and the materials of 
weights provided by post supplementary hepatectomies performed 
on the 1st day (respectively p= 0.600 and p= 0.140). 

When the mitosis numbers examined behind the research of 
the pathology, the mitosis number of the rats taken into the study 
group on the 1st day was determined as statistically signifi cantly 
higher than the mitosis number of the rats in the control group (p= 
0.020) (Figs 6 and 7). 

When the plasma albumin levels of the cases were compared, 
it was seen that the rats in the control group were statistically 
signifi cantly higher than the rats in the study group (p=0.016). In 
respect of total bilirubin levels, there was no statistically signifi -
cant difference between the groups (p=0.340). When the 7th day 
fi ndings of the rats in the study and control group were compared, 
it could be seen that there was no statistically signifi cant differ-
ence between the groups in terms of the weight of the rats, the 
weight of the partial hepatectomy materials, the weight of 7th day 
hepatectomy materials and levels of albumin. The mitosis num-
ber of the cases in the study group was statistically signifi cantly 
higher than the mitosis number of the cases in the control group 

(p=0.001). In respect of bilirubin values, the total bilirubin of the 
cases in the study group was statistically signifi cantly lower than 
the total bilirubin of the cases in the control group (p=0.040). 

In the consequence of the comparison made with Bonfer-
roni correction, there was no statistically signifi cantly difference 
between the weights of the rats on the 1st and 7th day p>0.025). 
While there was no signifi cant difference between the 1st and 
7th days cases of the weight of the hepatectomy materials in the 
control group (p>0.025), the weight of the cases of 7th day hepa-
tectomy materials statistically was signifi cantly higher than the 
1st cases (p=0.012).

It was found that the 1st day detected mitosis number of the 
cases both in study and control group were higher than the 7th 
day cases (p=0.011). The 7th day albumin levels of the cases in 
the control group were statistically signifi cantly higher than the 
1st day albumin levels (p=0.018), however, there was no statisti-
cally signifi cantly difference between the 1st and 7th days albu-
min levels of the cases in the study group (p=0.324). When the 
number of the total bilirubin was compared, it was seen that there 
was no signifi cant difference between the 1st and 7th cases of the 
control group (p=0.944), but, the number of 1st day total bilirubin 
was higher than the number of 7th day total bilirubin (p=.017).

 Control group Study group p
Rat weight (g) 255 (210–320) 357 (245–460) 0.027
Partial hepatectomy 
material Weight (g) 6.65 (5.8–8.4) 7.065 (5.15–9.34) 0.600

1st day hepatectomy 
material Weight (g) 3.65 (2.23–5.5) 4.235 (3.27–5.5) 0.140

KI–67 Values (%) 6.5 (5–9) 9 (7–14) 0.020
Albumin (g/dl) 3.05 (2.8–3.4) 2.4 (2.3–3.1) 0.016
Total bilirubin (mg/dl) 0.45 (0.3–0.6) 1 (0.1–1.3) 0.340

Tab. 5. Comparison of the case parameters in the control and study 
groups.

Control group Study group p
Rat weight (g) 271 (245–450) 265 (245–320) 0.371
Partial hepatectomy 
Material weight (g) 7.25 (5.4–9.1) 6.625 (6–8.18) 0.916

1st day hepatectomy 
material weight (g) 5.655 (3.43–11.4) 9.155 (6.82–11.5)* 0.093

Ki-67 values (%) 1 (0–2)* 5 (4–7)* 0.001
Albumin (g/dl) 2.55 (2.2–3)* 2.75 (2.6–3)* 0.242
Total Bilirubin (mg/dl) 0.1 (0–1.1) 0.05 (0–0.1)* 0.040
*signifi cant difference between 1st and 7th Day

Tab. 6. Comparison of case parameters in the control and study groups.

Fig. 6. x400 upsizing. Mitotic fi gures with arrow mark.

Fig. 7.  x200 upsizing. Mitotic fi gures with arrow mark.
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Discussion

Liver is an organ, which has critical metabolic functions re-
garding all systems. Today, liver surgery can be performed in large 
centres because of both preoperative preoperative run-in and post-
operative care and complications. Particularly, liver regeneration, 
which is the most important event after liver transplantation and 
better understanding of the factors effects this, will highly infl u-
ence the models of recruitments (4).

 It was shown that, regeneration in the liver tissue after par-
tial hepatectomy begins from fi rst day on (5–7). Functional liver 
recovering is completed in two weeks after the losing 2/3 of the 
liver. Active cell replication begins within the fi rst 24 hours after 
the partial hepatectomy and continues until the organ reaches its 
initial weight. Within 10 days, there occurs critical regeneration 
and this case is completed within 4–5 weeks. However, excised 
lobs don’t take the same form of themselves. Instead, regenera-
tion occurs with the formation of new lobules and expanding of 
remained lobules (8, 9). We didn’t observe any signifi cant differ-
ence between the 1st and 7th days hepatectomy weights of the 
cases in the control group (p>0.025). When the outcomes of the 
cases in the study group were examined, it was observed that the 
weight of the materials provided by the hepatectomy performed 
on the 7th day was statistically signifi cantly higher than the hepa-
tectomy materials provided on the 1st day (p=0.012). As in Blaha 
et al article, signifi cant liver weight increase is determined in liver 
tissue among the rats given carnitine in the same way after partial 
hepatectomy compared to the rats not given any carnitine (10).

Energy requirement for the liver regeneration is largely pro-
vided by lipolysis and fatty acids oxidation. Carnitine is an es-
sential cofactor in metabolic changes and fatty acids oxidation 
developed after the partial hepatectomy. Among the rats in our 
experiment, there can be decrease in cartnitine biosyntheses after 
the partial hepatectomy because the liver is the only organ for the 
carnitine biosyntheses. 

Serum transaminases sensitivity is very high at showing hepa-
tocyte. Levels of the serum increase in all the conditions, in which 
the liver injury maintains as independent from aetiological fac-
tors. One of the most confi dent parameters in showing liver cell 
deterioration is ALT level (11). This occasion causes the levels of 
ALT and AST, which are measured after the partial hepatectomy 
performed in all the groups to be high. It was seen that these val-
ues dramatically reduce compared to the fi rst day at the end of 7th 
day by the help of regenerative capacity of the liver.

When the levels of plasma albumin samples which were taken 
in 1st day of our study were compared, it was seen that the rats 
in the control group were statistically signifi cantly higher than 
the rats in the study group (p=0.016). However, in terms of the 
levels of albumin, there was no statistically signifi cant difference 
between the groups.

 In the same way, there wasn’t observed any statistically sig-
nifi cant difference in the assessment of the outcomes of the 1st 
day in terms of the levels of total bilirubin (p=0.340). Total bili-
rubin of the cases in the study group, which was given carnitine 
in 7th day was statistically signifi cantly lower than the control 

group, which didn’t take carnitine (p=0.040). This result can be 
commented directly proportional with the following information: 
carnitine has strong toxic effects on organism and serves in con-
jugation of endogen or exogen acids (12, 13).

 In the researches, many markers (DNA syntheses and mitosis 
number, volume of the liver, cell proliferation and mitochondrial 
activate) have been used to defi ne the criterions of the liver regen-
eration (6). Gerdes et al identifi ed the Ki-67 antigen and monoclo-
nal antibody which was composed against the antigen in the cell 
nucleus (14). Ki-67 protein was identifi ed in all the cell cycle (15). 
Antigen coverage increase as long as cell cycle keeps proceeding. 
It reached the highest level in G2-M phase. Monoclonal antibody, 
which was identifi ed against Ki-67 antigen, has shown in all the 
phases except G0 phase of cell cycle. We used Ki-67 proliferation 
index as regeneration mitosis indicator.

After the examinations carried out by pathological clinic, 
detected mitosis number were examined. The 1st and 7th days 
mitosis number of the rats taken into the study was seen as sta-
tistically signifi cantly higher than the mitosis number of the rats 
in the control group (p=0.020). When 7th day fi ndings of the rat 
were examined, it was found that the mitosis number of the cases 
in the study group was statistically signifi cantly higher than the 
cases in the control group (p=0.001). Similarly, detected the mito-
sis number of the cases in 1st day in both study and control group 
was higher than the 7th day cases (p=0.011). The increase in liver 
mass was statistically signifi cantly higher among the rats given 
carnitine and in the same way the mitosis number in the group 
which is given carnitine was statistically signifi cantly higher than 
the control group and this outcomes showed us that carnitine in-
creased the liver regeneration.

Early studies about the effect of carnitine to liver regenera-
tion indicated that the positive effect of carnitine on liver DNA 
syntheses depended on dose. Bohles (1987) and Blaha et al (1989) 
showed in their articles that 40 mg/kg carnitine dose was effective 
in liver regeneration and this dose was given in the form of infu-
sion 24–30 hours permanently. In the same study, we could see that 
among the rats which were performed carnitine infusion without 
hepatectomy, many liver cell was detected at S phase within 10 
mg/kg dose of carnitine, but there was decrease in DNA syntheses 
with a high dose like 200 mg/kg. We carried out 100 mg/kg/day 
dose intraperitonel carnitine infusion and in accordance with the 
literature; we saw that liver regeneration increased signifi cantly.

This impact is thought to be related with the inadequate en-
ergy generation with beta oxidation (16, 17). Bohles and Akçe-
tin showed in their studies that fatty acids carntine conjugations 
increase with the treatment of high level dose carnitine and the 
carnitine acyl translocation or carnitine acylt transferase activate 
increased the transfer of them to the outside of the matrix (17). In 
the light of this information it could be said that the active sub-
strates, which are necessary for beta oxidation decreased in the 
existing of the high level dose carnitine. Besides, high level dose 
carnitine can cause membrane damage at hepatocytes because of 
the detergent effect of fatty acids carnitine conjugates.

As a summary, it could be seen that carnitine (on condition 
that to be taken high level dose) may have a stimulant affect on 
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liver regeneration among the rats, performed partial hepatectomy. 
Carnitine showed this effect (dependent on its role in intrahepatic 
fat metabolism) on both posthepatectomy period, prereplicative 
period and later replicative period (17). We argue in the light of 
these outcomes that after any case causing hepatic surgery or 
acute injury of liver, it can be useful to add proper dose carnitine 
to the treatment in order to support patients in terms of nutritional.

Results 

Liver regeneration, which is the most important period that 
occurred after liver surgery performed for any purpose or com-
posed liver injury is a vital matter which has still been researched.

Factors initiating, maintaining and stopping the liver regenera-
tion are identifi ed to a large extent. But studies related regeneration 
capacity increase and/or fastening of the regeneration continue. In 
the studies which inspires our studies examined the effects of L-
carnitine on liver regeneration due to the metabolic properties of 
this carnitine. As it is known, carnitine is an essential cofactor in 
fatty acid metabolism and regenerate liver uses particularly fatty 
acids as energy source.

Among the rats which were applied hepatectomy, if met by 
the major conditions triggering liver regeneration following the 
external carnitine supplementation, we can say with the help of 
the information provided by the study measuring the regenera-
tion capacity by analysing Ki-67 proliferation index that external 
carnitine support can increase the capacity of regeneration if it is 
given in appropriate dose.
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