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INTRODUCTION 
Indonesia is well known for its wide variety of 

essential oil producing plants. One plant, Curcuma 
longa L., the source of turmeric, which contains 
the active compound curcumin, has been studied 
extensively. It has anti-diabetic (Kanitkar et al. 2008), 
anti-cancer, anti-inflammatory (Rao et al. 2013; 
Allegra et al. 2016), and hepatoprotective (Maiti 
et al. 2006; Mehta et al. 2012) activity. Curcumin 
appears to be a chemopreventative compound, 
slowing the process of carcinogenesis (Johnson 
and Mukhtar 2007), presumably by acting as an 
antioxidant. 

Hepatoprotectors protect and repair damage to 
liver cells (Khan et al. 2012) and have been widely 
used to treat liver damage via their antioxidant 
actions. Known natural hepatoprotectors include 
gotu kola (Tang et al. 2012), curcumin, and 
curcumin analog compounds (AKS) (Kapelle and 
Manalu 2018). Analog compounds are those that 
have similar structure and the possibility of similar 
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or improved pharmacological properties when 
compared to the parent compound (Yang et al. 
2013). 

Culilawan (Cinnamomum culilawan Blume) is an 
example of a plant with potential chemoprotective 
and hepatoprotective properties using the same 
mechanisms as curcumin. It grows in eastern 
Indonesia (especially Maluku and Papua) and is the 
source of culilawan oil, which contains a secondary 
metabolite with great pharmacological potential 
and the ability to be converted into derivative 
products. Culilawan oil, obtained from distillation 
of the bark with a yield of 0.94% (Kapelle et al. 
2016), has 2 main components, eugenol and 
safrole. Safrole has an active dioxolane ring that 
can be used as a precursor for synthetic drugs. 
Compounds that have a dioxolane ring have a pair 
of free electrons that can resonate in the ring and 
capture free radicals. 
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One of the downstream products that can be 
synthesized from culilawan oil is the curcumin 
analog compound (AKS) {symmetrical curcumin 
analog (1,5-bis-benzo [1,3] dioxol-5-yl-penta-1,4-
dien-3- one)} (Kapelle et al. 2015a). This particular 
curcumin analog compound expresses cytotoxic 
activity in breast cancer cell cultures T47D (Kapelle 
et al. 2015b) and has demonstrated hepatoprotective 
effects (Kapelle and Manalu 2018). It can be 
produced both by conventional distillation and 
microwave methodology.

Carbon tetrachloride (CCl4) is a hepatotoxic 
compound that is widely used in liver damage models 
(Khan et al. 2012). Liver damage can be measured in 
vivo by analysis of blood levels of liver enzymes (Khan 
et al. 2012). Common indicators of liver injury 
include a rise in serum alanine transaminase (ALT) 
and aspartate transaminase (AST). Liver injury 
may also be associated with a lipid peroxidation 
reaction that causes malondialdehyde (MDA) levels 
to increase and glutathione (GSH) levels to decrease 
with subsequent hepatocyte degradation (Mansour 
et al. 2006). In the early stages of liver damage, 
hydropic degeneration is evident histologically, 
followed by fatty degeneration and cell death (or 
necrosis) (Weber et al. 2003).

In this study, liver damage was induced in 
male mice (Mus musculus L.) using carbon 
tetrachloride (CCl4). Subsequently, curcumin 
analog compounds from culilawan oil (AKS-k 
from the conventional method and AKS-m from 
the microwave method), were administered to 
assess hepatoprotective ability in this mouse model.

METHODS AND MATERIALS
Sample Preparation and Characterization

The treatments in this study were turmeric 
from Maluku and curcumin analog compounds 
synthesized from culilawan oil (distillation products 
of culilawan bark from Maluku). Curcumin was 
isolated from turmeric by ethanol extraction (Yadav et 
al. 2017). For curcumin analog compounds (AKS-k 
and AKS-m) the protocol from Kapelle et al. (2015a) 
was followed using Lawang oil base material. The 
process begins with isolating safrole from Lawang oil, 
isomerization of isosafrole, oxidation of isosafrole, 
and finally an aldol condensation process. The final 
stages of the synthesis of curcumin analogs used 2 
different methods: a conventional method with 
process conditions at 30 °C for 3 hours to produce 

AKS-k, and a microwave method with 140 watts of 
power for 2 minutes to produce AKS-m. The analog 
curcumin products (AKS-k and AKS-m) produced 
were purified and crystallized using methanol 
solvents and analyzed using liquid chromatography–
mass spectrometry (LCMS). Turmeric extracts 
(TM) were obtained using a maceration method 
with ethanol.

In-vivo Procedures
Three-week-old mice (Mus musculus L.), 

balb/c strain, (n = 80) were divided into 10 
equal groups (n = 8) according to Table 1. 
Mice were acclimatized for 7 days in a room 
with a 12-hour cycle (light/dark), humidity at 
70% ±  2%, and temperature of 22 °C ± 2 °C. On 
day 7 (immediately following the acclimatization 
period), mice were weighed and 0.02 ml of 
CCl4/200 g body weight was dissolved in coconut 
oil and administered orally to all treatment groups 
except the normal control (MN) group. On day 
14, treatments were administered to all groups 
according to Table 1. 

Histopathology 
Experimental mice were sacrificed by cervical 

dislocation on days 7, 14, 17, 21, and 29. 
Livers were photographed in situ and collected 
at necropsy. Livers were fixed in 10% neutral-
buffered formalin (NBF) solution, embedded in 
paraffin, sectioned, and stained with hematoxylin 
and eosin (H&E). Histopathology parameters 
observed were liver pathology which included 
cell ballooning, steatosis, and presence of 
inflammatory cells.

Serum Enzyme Measurement   
Blood was collected from mice through the orbital 

vein using a capillary tube (Superior Marienfeld®) 
on days 7, 14, 17, 21, and 29, and stored in 
Eppendorf Tubes™. Blood was kept refrigerated 
for a few hours (4 °C) before being processed, then 
centrifuged (Hettich® MIKRO 22 R centrifuge) 
at a speed of 10,000 rpm for 10 minutes at 4 °C 
to obtain serum. Serum AST (serum glutamic 
oxaloacetic transaminase) and ALT (glutamic 
pyruvate transaminase serum) were measured using 
DiaSys® reagents and a UV-Vis spectrophotometer 
(GENESYS™ 10uv).
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RESULTS AND DISCUSSION
Chemical Analysis of Analogs

LCMS analysis of curcumin analog samples—
obtained via both conventional and microwave 
methods—produced 1 product at tR = 3.38 minutes 
with a molecular mass of 322 g/mol. Further analysis 
of these products using a Fourier-transform infrared 
spectroscopy (FTIR) spectrophotometer (Fig. 1) 
showed that the compounds AKS-k and AKS-m 
are almost identical (Table 2). 

The shape of the fingerprints of the AKS-k and 
AKS-m products had sufficient similarity that 
the infrared spectrum peaks could be considered 
virtually identical. Thus, the species produced by 
both microwave and conventional methods were 
analogous to curcumin with molecular weights of 
322 g/mol and had chemical structures similar or 
identical to that of other curcumin analogs (Fig. 2).  
Based on the chemical structure in Fig. 2, several 
isomers could be obtained as products. These isomers 
would appear identical by FTIR or LCMS, but have 
potentially different hepatoprotective activity. For 
example, Kapelle et al. (2015b) showed—in a study 
of breast anticancer activity in vitro in T47D breast 
cancer cells—that the AKS-m product provided a 
better IC50 value than did AKS-k.

Body Weight 
The effect of treatment on body weight, which was 

measured on days 17, 21, and 29, was calculated as a 
percentage of post-treatment body weight compared 

to the initial pre-treatment body weight (day 14). 
While weight gain differed significantly between 
groups (ANOVA F(9,20) = 18.292; p = 0.001), an 
increase in body weight was seen in all groups (as 
expected for mice growing from juveniles to adults). 
This indicated that administration of curcumin analog 
compounds to mice with CCl4-induced liver damage 
improved their ability to gain weight (Fig. 3a). 

The greatest percentage of weight gain was observed 
in high-dose AKS-m (MB3) treated animals, which 
was significantly more effective than that seen in the 
Hepa-Q positive control group (M+2) (p = 0.001). 
Furthermore, by day 29 the AKS-m (MB) analogs were 
significantly (p = 0.001) more effective than AKS-k 
(MA) analogs in increasing weight gain (Fig. 3b), as 
administration of AKS-k analogs had an effect on 
body weight that was inversely proportional to dose. 

Liver Enzymes
CCl4 administration was associated with 

increased serum ALT and AST levels in all groups 
by day 17 as compared to the normal untreated 
control group MN. In the negative control group 
M-1 (administered CCl4 but not treated with any 
compound), ALT and AST values remained elevated 
through day 29. 

In all treated groups of mice, AST values decreased 
significantly from day 17 to days 21 and 29, 
suggesting an improvement in liver function (F(8,18) 
= 2.611; p = 0.049) (Fig. 4a). Among mice treated 
with curcumin analogs, the lowest AST levels were 

Table 1  
 Group division and treatment of mice

Group
CCl4

(day 7)
Treatment
(day 14) 

Treatment dose  
mg/200 g body weight Notes

MA1 Yes AKS-k   13 ---
MA2 Yes AKS-k   26 ---
MA3 Yes AKS-k   52 ---
MB1 Yes AKS-m   13 ---
MB2 Yes AKS-m   26 ---
MB3 Yes AKS-m   52 ---
M+1 Yes Turmeric extract 130 Positive control
M+2 Yes Hepa-Q*   60 Positive control
M-1 Yes No treatment   --- Negative control
MN No No treatment   --- Normal control
* Herbal liver-support capsules.
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observed in the MA1 group (AKS-k dose 13 mg/200 
g body weight) and were statistically equivalent to 
those in the positive control group M+2 (Hepa-Q 
drug 60 mg/200 g body weight) (p = 0.668). MA1 
was not significantly more effective in lowering AST 
levels than MA2 (p = 0.989). 

AST values on day 29 are shown as a percentage 
of pretreatment values in Fig. 4b. Mice in the MA3 
group had similar values (p = 1.000) to those in the 
Hepa-Q positive control group (M+2). The MA1 
group (AKS-k dose 13 mg/200 g body weight) 
had the lowest AST values on day 29 and differed 
significantly from all other groups.

Changes in ALT were generally less dramatic than 
those for AST.  ALT levels decreased in all treated 
groups of mice as measured on days 17, 21, and 29 
(Fig. 5a) and significant differences were observed in 
efficacy (F(8,18) = 7.136; p = 0.001). Treatment group 
MB3 (AKS-m dose 52 mg/200 g body weight) had 
significantly lower ALT values than those of the 
positive control groups (M+1 and M+2, p = 0.059 
and p = 0.036, respectively). Treatment group 
MA1 (AKS-k dose 13 mg/200 g body weight) had 
significantly lower ALT values than those of the 
positive control groups (M+1 and M+2, p = 0.010 
and p = 0.185, respectively). However, the MA1 

FIGURE 1. FTIR spectrum of curcumin analog compounds (AKS)  

Table 2  
 Results of FTIR spectrum analysis

Functional groups                                                Wavelength

Product AKS-k Product AKS-m

C=C stretching aromatic 1607 cm-1 dan 1493 cm-1 1598 cm-1 dan 1492 cm-1

C=C stretching aliphatic 2915 cm-1 2914 cm-1

C-O-C ether 1259 cm-1 1258 cm-1

–CH3 bending 2915 cm-1 2914 cm-1

–CH2- bending methylene 1449 cm-1 1448 cm-1

Carbonyl 1645 cm-1 1688 cm-1

FIGURE 2. Chemical structure of curcumin analogs 
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FIGURE 3a. Percentage of the initial pre-treatment body weight (day 14) for each treatment group on days 17 (blue), 21 (yellow), and 
29 (green).  Standard deviation bars show minimal variation between mice. 
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FIGURE 3b. Percentage weight gain between day 14 and day 29  (ANOVA F(9,19) = 38933.33; p = 0.001)  
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FIGURE 4a. Mean percentage of initial pretreatment AST values for each treatment group as measured on days 17 (blue), 21 (yellow), 
and 29 (green). Standard deviation bars show minimal variation between mice.
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FIGURE 4b. Mean percentage of initial pretreatment AST values measured on day 29 (ANOVA F(8,17) = 11433.33; p = 0.001)
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FIGURE 5a. Mean percentage of initial pretreatment ALT values for each treatment group as measured on days 17 (blue), 21 (yellow), 
and 29 (green). Standard deviation bars show minimal variation between mice. 
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FIGURE 5b. Mean percentage of initial pretreatment ALT values measured on day 29 (ANOVA F(8,17) = 22800; p = 0.001) 
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group (AKS-k dose 13 mg/200 g body weight) had 
similar ALT values to the MB3 group (AKS-m dose 
52 mg/200 g body weight) (p = 0.989). 

ALT values on day 29 are shown as a percentage 
of pretreatment values in Fig. 5b. Mice in the MA3 
group had similar values (p = 1.000) to those in the 
Hepa-Q positive control group (M+2). Group MA2 
had similar ALT values as group MB1 (p = 1.000). 
The MA1 group (AKS-k dose 13 mg/200 g body 
weight) had the lowest ALT values on day 29 and 
differed significantly from all groups.

In all treated groups of mice, improvement in 
health of test animals over time was evidenced by 
a decrease in AST values by day 21 and (except for 
the M+2 group) further decrease through day 29. A 
lesser effect with a similar trend was noted for ALT 
where the predominant pattern observed was that 
ALT values for all AKS compounds were similar or 
better compared to both positive controls. 

AST and ALT levels for mice receiving the same 
dose level of AKS-m (produced by microwave) 
differed from those receiving the AKS-k (derived 
from conventional methods), with AKS-k being 
effective at a lower dose. From this, it can be inferred 
that the synthesis process influences the structure 
and physical-chemical properties of the compound. 
The geometry of the compound can have an effect 
on the antioxidant properties of the compound and 
morphological changes seen in response to CCl4 in 
the liver.

Liver Morphology
Administration of CCl4 led to expected progressive 

morphological changes in hepatocytes of untreated 
mice (Fig. 6).

Normal hepatocytes have a regular, lobular 
arrangement with central veins which are uniform 
and empty. CCl4 induced vacuolar and microvacuolar 
cytoplasmic changes in hepatocytes. In some cases 
fatty debris was seen in the central venous region, 
and swollen hepatocytes caused narrowing of the 
sinusoids (Fig. 6). In contrast, microscopic images 
of livers of mice given various treatments are shown 
in Figs. 7, 8, and 9.

Livers of positive control mice, treated with 
turmeric extracts in group M+1 (turmeric extract 
130 mg/200 g body weight), had debris in the central 
vein and fatty tissue in the hepatocytes despite using 
a higher dose than that needed for AKS; however, 
reparation of microscopic liver changes was evident 
on day 29 (Fig. 9).  Morphological effects of synthetic 
curcumin analog compounds were most obvious in 
MA3 group mice (AKS-k dose 52 mg/200 g body 
weight) on day 29, where the central vein was clear 
of cellular debris and there was no evidence of 
hepatocellular degeneration or necrosis (Fig. 7). At 
lower doses of both curcumin analog compounds (13 
mg/200 g body weight), some hepatocytes remained 
fatty, and sinusoids or central veins were compressed 
or contained debris (Figs. 7 and 8); however, fewer 
microscopic lesions were observed than in untreated 

FIGURE 6. Microscopic images of normal liver structure of the normal control mice (MN) and the liver in mice with damage induced 
by CCl4 (M-1). H&E method, magnification 400×.

     1.  Central vein
     2.  Normal hepatocytes
     3.  Hepatocytes
     4.  Sinusoid
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1. Central vein; 2. Tissue repair; 3. Hepatocytes; 4. Sinusoid
FIGURE 7. Microscopic images of mouse liver structure for 3 doses of AKS-k treatment on days (d) 17, 21, and 29. 
H&E method, magnification 400×.

1. Central vein; 2. Tissue repair; 3. Hepatocytes; 4. Sinusoid
FIGURE 8. Microscopic images of mouse liver structure for 3 doses of AKS-m treatment on days (d) 17, 21, and 29. 
H&E method, magnification 400×.
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controls. Continued improvement was seen in mice 
across all synthetic curcumin analog treatment groups 
terminated on days 21 and 29. Thus, curcumin 
analogs have the potential to be hepatoprotectors 
because they can reduce microscopic liver lesions at 
lower doses than those needed for turmeric effects.

Both analogs were similar in that longer duration 
of treatment was associated with more clearing of 
the central veins and absence of fatty hepatocytes, 
indicating damage repair. Histological differences 
for both analogs were related to dose levels. In MA 
groups (AKS-k), even at large doses, the cell damage 
remains, sinusoids still look wide. By contrast, in high 
dose MB group (AKS-m) treated mice, the central 
vein looks cleaner and fatty deposits have diminished.

The effectiveness of the synthetic curcumin analog 
compounds in hepatoprotection can be attributed 
to the active group in the compound. Curcumin 
analogs have negatively charged alkene, benzene, 
carbonyl, and ether groups, making it possible to 
capture free radicals and convert them into neutral 
molecules (Fig. 2). If free radicals are captured, 
then further cellular damage can be averted and 
natural processes of healing can occur. This study 
demonstrated hepatic repair following curcumin 
analog treatment. This study’s findings support those 
of Ruhe et al. (2001) that curcumin analog products 
led to improved serum liver enzyme values and 
decreased hepatocellular degeneration and necrosis.

 CONCLUSION
Processing method affects the hepatoprotective 

ability of curcumin analog compounds, produced 
from culilawan oil, in mice with CCl4 induced liver 
damage. Following a 7-day acclimation period, 
mice received CCl4 to induce liver damage. After 
7 additional days mice received treatment. Mice 
which received AKS-k treatment at a dose of 13 
mg/200 g body weight exhibited improved weight 
gain, lowered AST and ALT levels, and repaired 
microscopic liver lesions. These results rivaled or 
exceeded the effects of the known hepatoprotectors 
turmeric and Hepa-Q. However, effects at higher 
AKS-k doses were often inferior. Higher doses of the 
AKS-m product were required to achieve the same 
or better level of weight gain and reduction in liver 
enzymes as seen with 13 mg/200 g body weight 
AKS-k. But effects of AKS-m more closely followed 
a dose-response curve. Therefore, curcumin analog 
compounds that are processed by a conventional 
heating method may be more hepatoprotective—
and at a lower dose—than are products processed 
by the microwave method, presumably due to 
differences in compound geometry. 

1. Central vein; 2. Tissue repair; 3. Hepatocytes; 4. Sinusoid

FIGURE 9. Microscopic images of mouse liver structure for the 2 positive control groups—Hepa-Q drug (M+2) and turmeric extract 
(M+1)—on days (d) 17, 21, and 29. H&E method, magnification 400×.
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