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Abstract 

Advanced Glycation Endproducts (AGEs) or so-called glycotoxin can be triggered by heated food in which the Maillard 
reaction occurs. One type of glycotoxins is CML. Accumulated N-Carboxymethyl-Lysine (CML) can cause inflammation of 
organs, e.g. liver. Rosella flowers contain anthocyanin compound that has anti-glycation and antioxidant effects. This 
study aimed to determine the effect of ethanol extract of Rosella on CML serum level, IL-6 level, and NF-ƙB activation in 
the liver of mice fed with baked food. This study used post-test design using 25 Wistar rats aged 3-4 months old that 
were divided into 5 groups, namely negative control group, positive control group, treatment groups given Rosella 
extract dose of 200mg.kgBW

-1
, 300mg.kgBW

-1
, and 400mg.kgBW

-1
. Baked feed was given for 12 weeks, and Rosella 

ethanol extract was administered in the 9
th

 to 12
th

 week. The examination on CML serum and IL-6 of the liver was using 
ELISA method. Immunofluorescent staining was used to determine NF-ƙB activation in the liver using a confocal 
microscope. CML serum is proven to increase significantly (p = 0.000). The effective dose of Rosella flower extract to 
prevent CML Serum increase is 200 mg.kgBW

-1
, whereas a dose of 400 mg.kgBW

-1
 can decrease IL-6 level and NF-ƙB 

activation. Ethanol extract of Rosella flower decrease the levels of N-carboxymethyl-lysine serum, IL-6, and NF-ƙB 
activation in the liver of rats given baked-food diet. 
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INTRODUCTION 
Modernization results in major changes in 

human behavior. Being busy due to working ac-
tivities is one of the reasons for people to seek 
more practical food. Preparing dishes by steam-
ing or frying method have been shifted into cook-
ing using oven and other new technologies. In 
fact, heating at high temperatures can increase 
the level of Advanced Glycation Endproducts 
(AGEs) or called glycotoxin. Glycotoxin is a com-
pound formed from non-enzymatic glycation 
reactions between proteins and sugar residues. 
The best known of Glycotoxin type is N-
carboxymethyl-lysine (CML), pentosidine, pyrra-
line, and methylglyoxal. CML is often used as a 
marker for the formation of glycotoxin, as CML is 
a glycotoxin type which is most common and 
best known for in vivo characterization [1]. 

Glycotoxin accumulate in many tissues of the 
body, and when accumulated, it increases the 
inflammatory reaction, weakens the immune 
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system, increases the infection possibilities, low-
ers the antioxidant defense mechanism, inter-
feres DNA repair mechanisms, and increases the 
accumulation of various kinds of toxins [2,3]. 

Liver functions in metabolism are not ex-
cluded from glycotoxin accumulation. Liver cell 
damage can occur due to inflammatory reactions 
and oxidative stress [4]. NF-ƙB which is a tran-
scription factor in mammals controls a number of 
important genes in immunity and inflammatory 
processes. NF-ƙB activation will stimulate pro-
inflammatory cytokines such as Interleukin-6 (IL-
6), and increase NF-ƙB activation that can be a 
marker of organ inflammation. 

Anthocyanin is a type of polyphenols known 
as antioxidants among the group of flavonoids. 
Anthocyanin is known to inhibit glycation process 
and glycotoxin binding to its receptor, as well as 
to prevent lipid peroxidation and polyol pathway 
inhibition [5,6]. 

Hibiscus sabdariffa L. or commonly known as 
Rosella empirically has been consumed by hu-
mans in some parts of the world. In vitro and in 
vivo researches prove beneficial phytochemical 
content in Rosella flower extract. Rosella flower 
extract is known to offer antibacterial effect, an-



 

J.Exp. Life Sci. Vol. 6 No. 2, 2016  ISSN. 2087-2852 
  E-ISSN. 2338-1655 

72 The Effect of Rosella Flower on Rats Given Baked-Food Diet 
(Falyani et al.) 

tioxidant, hepato and nefro-protective, anti-
inflammatory, and anti-cholesterol [7,8]. 

By considering the work of anthocyanin as 
AGE inhibitor, antioxidant, and anti-inflamma-
tory, it raised presumption that Rosella flower 
ethanol extract can repair liver damage caused 
by glycotoxin. Within this assumption, the re-
searchers wanted to determine the effect of Ro-
sella flower (Hibiscus sabdariffa L.) ethanol ex-
tract in inhibiting pro-inflammatory signaling 
pathways of liver tissue mediated by N-
carboxymethyl-lysine in Wistar rats given baked-
food diet. 

 
MATERIALS AND METHODS 
Subject 

This study used post-test design that com-
pares the control and the treatment groups. An-
imals used were 25 male Wistar rats aged 3-4 
months old with 100-150 gram initial body 
weight. Rats that were ill or died during the re-
search were excluded from the population.  

Rats were adapted to research environment 
condition for 1 week, and fed with standard feed 
and drinking water in ad libitum method. Rats 

were placed in cages measuring  900 cm3 for 4-5 
rats. After passing the adaptation stage, the rats 
were weighed to determine the initial weight, 
then the rats were randomly divided into five 
groups that consisted 5 rats each. Furthermore, 
each rat was placed in a different enclosure. 
Negative control group (KN) was fed with 
standard diet, while positive control group (KP) 
and treatment groups given Rosella extract dose 
of 200mg.kgBW-1 (KR1), 300mg.kgBW-1 (KR2), and 
400mg.kgBW-1 (KR3) were fed with baked food 
for 8 weeks. After 8 weeks, CML serum level 
measurement was conducted using ELISA 
method.  

Broiler feed 1 (BR1) was used because it 
contains the highest protein than other feeds. 
This feed contains 21-23% protein, 5% fat, 40-
45% starch and 5% crude fiber. Oven was 
preheated at 150 0C for 15 minutes.  
 
Treatments and Data Collection 

At 9th week, provisions of Rosella flower 
ethanol extract were given to the treatment 
group KR1, KR2, and KR3 as much as 200 
mg.kgBW-1, 300 mg.kgBW-1, and 400 mg.kgBW-1 

respectively for 4 weeks. Baked food feeding was 
expected to be given until the 12th week. 

At 13th week, the animals were dissected. 
Blood was drawn intracardially for CML 

examination using ELISA kit (Bioassays, Number 
catalogs E1374Ra). Livers harvesting were 
performed for NF-ƙB activation examination 
using immunofluorescent method using primary 
NF-ƙB P65 antibody (ThermoFisher, Number 
catalog MA5-15160), hepatic IL-6 examination 
was using ELISA kit (Bioassays, catalog Number 
E0135Ra), and hepatic organ staining was using 
Haematoxylin-eosin. 
 
Data Analysis 

Once the data were obtained, the data were 
statistically analyzed using SPSS 24.0. Data nor-
mality test was done using Shapiro-Wilk test. 
Data homogeneity was analyzed using Levene's 
Test. Data comparison was using independent t-
test, ANOVA, and Post Hoc. Results can be said 
significant when P <0.05. 
 
RESULTS  
CML Serum Levels 

Assessment on the effect of Rosella flower 
ethanol extract on CML serum levels in rats given 
baked food was done using ANOVA test. The rats’ 
CML serum levels were obtained using ELISA kit 
(Bioassays, catalog Number E1374Ra). Figure 1 is 
a histogram of CML serum levels. The histogram 
shows that increased levels of CML serum in mice 
are between negative and positive control group. 
Levels of CML serum in treatment groups are 
lower than those of the positive control group. It 
proves that Rosella flower ethanol extract influ-
ences the final levels of Rats’ CML level.  

 
Figure 1. CML Serum Levels with ANOVA Test 

Description: KN is negative control group (standard feed, 
without extract), KP is positive control group (fed with 
baked food, without extract), KR1 is treatment group 1 
(fed with baked food + Rosella flower ethanol extract 200 
mg.kgBW-1), KR2 is treatment group 2 (fed with baked 
food + Rosella flower ethanol extract 300 mg.kgBW-1), and 
KR3 is treatment group 3, (fed with baked food + Rosella 
flower ethanol extract 400 mg.kgBW-1) 
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There is a significant difference (p = 0.001) 
between the negative control group and positive 
control group. It indicates that baked food has an 
influence or affects the results of rats’ CML se-
rum. The positive control group has a significant 
difference compared with treatment group 2 (p = 
0.05). It demonstrates that Rosella flower etha-
nol extract dose of 300 mg.kgBW-1 can prevent 
increasing CML serum levels of rats fed with 
baked food.  
 
Hepatic NF-ƙB Activation 

Assessment on Rosella flower ethanol extract 
effect to hepatic NF-ƙB activation of rats fed with 
baked food were evaluated based on the amount 
of transcription factor expression of activated NF-
ƙB so that translocate from the cytoplasm to the 
nucleus of liver tissue was examined using 
immunofluorescent method with p65 antibody 
(ThermoFisher, catalog Number MA5-15 160).  

Figure 2 is a histogram of hepatic NF-ƙB acti-
vation with ANOVA test. The histogram shows 
that when the control groups are compared, the 
positive control group has higher results com-
pared to the negative control group. This might 
indicate that there were more hepatic NF-ƙB ac-
tivations in the positive control group. The 
treatment group 3 has the lowest result com-
pared with other treatment groups. This showed 
that the provisions of Rosella flower ethanol ex-
tract dose of 400 mg.kgBW-1 were effective in 
suppressing NF-ƙB activation in liver of rats fed 
with baked food. A comparative figure of each 
group using immunoflourescent method and 
haemato-xylen eosin showed in Figure 3.  

 
Figure 2.  Histogram of Hepatic NF-ƙB Activation using 

ANOVA test 
Description: KN is negative control group (standard feed, 
without extract), KP is positive control group (fed with 
baked food, without extract), KR1 is treatment group 1 
(fed with baked food + Rosella flower ethanol extract 200 
mg.kgBW-1), KR2 is treatment group 2 (fed with baked 
food + Rosella flower ethanol extract 300 mg.kgBW-1), and 

KR3 is treatment group 3, (fed with baked food + Rosella 
flower ethanol extract 400 mg.kgBW-1) 

 

  

  

  

  

  

Figure 3. The Comparative Picture of Each Group Using 
Immunofluorescent Method and Haematoxylen 
Eosin 

Description: KN is negative control group (standard feed, 
without extract), KP is positive control group (fed with 
baked food, without extract), KR1 is treatment group 1 
(fed with baked food + Rosella flower ethanol extract 200 
mg.kgBW-1), KR2 is treatment group 2 (fed with baked 
food + Rosella flower ethanol extract 300 mg.kgBW-1), and 
KR3 is treatment group 3, (fed with baked food + Rosella 
flower ethanol extract 400 mg.kgBW-1). 
The observation was using a confocal microscope Olym-
pus FV 1000 and calculated using Olympus Fluoview Ver-
sion. 1.7a software. 

 
Figure 3 is a comparative picture of each 

group using immunofluorescent and haemato-
xylen eosin. The calculated amount of NF-ƙB acti-
vation is the amount contained in the nucleus 
and appears red in the green color.  
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IL-6 levels 
IL-6 levels in liver tissue are pro-inflammatory 

cytokine levels that may become an inflamma-
tion indicator, the levels in rats’ liver tissue (units 
of ng.mL-1) are measured using ELISA method 
(ELISA kit such as Bioassays, catalog Number 
E0135Ra). 

 
Figure 4. Histogram of IL-6 Levels using ANOVA test 

Description: KN is negative control group (standard feed, 
without extract), KP is positive control group (fed with 
baked food, without extract), KR1 is treatment group 1 
(fed with baked food + Rosella flower ethanol extract 200 
mg.kgBW-1), KR2 is treatment group 2 (fed with baked 
food + Rosella flower ethanol extract 300 mg.kgBW-1), and 
KR3 is treatment group 3, (fed with baked food + Rosella 
flower ethanol extract 400 mg.kgBW-1) 

 
Figure 4 is a histogram of IL-6 levels of rats’ 

liver. The histogram shows that there is an in-
crease in IL-6 levels in rats between negative and 
positive control group. IL-6 levels of treatment 
groups show lower results than the positive con-
trol group. It explains that Rosella flower ethanol 
extract influences and affectes the levels of CML 
serum on rats. The histogram may also prove 
that Rosella flower ethanol extract dose of 400 
mg.kgBW-1 in treatment group 1 is proven to be 
more effective to reduce IL-6 levels of rats fed 
with baked food.  
 
DISCUSSION 

This study used Wistar rats as they are easily 
maintained and relatively healthy, so that it 
meets the criteria as experimental animals in a 
study. Anatomical and physiological study of rats 
supports a nutrition experiment by using ad libi-
tum method. There are two characters that 
distinguish rats from other laboratory animals, 
namely rats cannot vomit because of the unusual 
anatomical structure in the esophagus, which 
empties into the stomach, and has no 
gallbladder. This study used rats aged 2-3 

months, which is analogically the age of repro-
ductively mature or adolescence in rats [9]. 

Oral baked food feeding has advantages and 
disadvantages. Glycotoxin absorption of oral con-
sumption is as much as 10% on the peak absorp-
tion at 6-12 hours after consumption. Glycotoxin 
duration in the body is 72 hours, and after 72 
hours, ⅓ of the total absorbed will be eliminated 
by kidneys [10]. Glycotoxin bioavailability de-
pends on the peptide size, the food type, the 
intestinal environment, and the presence dura-
tion in intestine. Glycotoxin can be easily distri-
buted to the extracellular and intracellular com-
partments because it has an amphoteric charac-
ter and soluble in water. Studies in animals have 
shown that after 72 hours, 60% of the total ab-
sorbed glycotoxin will be bound in the liver and 
kidneys, but the radioactivity was detected in the 
lungs, the heart, and the spleen. This gives an 
indication that glycotoxin is distributed through-
out all body tissues. Glycotoxin elimination oc-
curs through the kidneys, and lasts for 72 hours 
after ingestion [10].   

Rats which were given the baked food have 
shown more increasing levels of N-
Carboxymethyl-Lysine (CML). CML is one of 
glycotoxins derived from food [1]. There are 
three paths of glycotoxin formation, namely 
Maillard reaction, glucose oxidation and lipid 
peroxidation, as well as the polyol pathway. The 
variation of pathway formation causes various 
glycotoxin chemical structures. The best-known 
glycotoxin type is carboxymethyl-lysine (CML), 
pentosidine, pyrraline, and methylglyoxal [1]. 
Among many types of glycotoxin, CML is the 
most possible type that can be characterized. 
CML is first identified in food, and it becomes the 
most frequent marker often used for research as 
a marker of increasing level of glycotoxin [11]. In 
this study, the p-value obtained was 0.001 (p 
<0.05). It clearly explains that there is a signifi-
cant difference between the initial and the result 
of CML serum levels of the negative control 
group and the positive control group. This is con-
sistent with result of previous research that ex-
plains glycotoxin content can increase by 10-100 
times by heating process [10].  

When food is heated, there is a transforma-
tion of electromagnetic wave energy into heat 
energy. Previously, heating by using microwave 
has shown to increase the Maillard reaction and 
other chemical reactions significantly [11]. Mail-
lard reaction is greatly influenced by the heating 
time, temperature, concentration, humidity, and 
acidity. In some previous studies, the Maillard 
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reaction rate would double if the temperature 
rises 10°C. If the Maillard reaction rate is charac-
terized by a change into brownish color on the 
food, then heating either for 4 weeks at a tem-
perature of 20°C, 3 hours at a temperature of 
100°C, or 15 minutes at a temperature of 150°C 
will give the same result [12]. This is consistent 
with the results of this study, that there is an 
increase in CML serum as much as three times 
higher than that of the negative control group. 

In this study, rats that are induced with baked 
food, and then treated with provisions of Rosella 
flower (Hibiscus sabdariffa L) ethanol extract 
dose of 200, 300, and 400 mg.kgBW-1 have lower 
levels of CML serum, compared to the positive 
control group. There is a significant difference (P 
<0.05) in groups of rats given dose of 200 and 
300 mg.kgBW-1 Rosella flower ethanol extract.  

Rosella flower ethanol extract contains an-
thocyanin pigments. Anthocyanin is a type of 
antioxidants in the group of flavonoid. Anthocya-
nin is found in fruits and vegetables, especially 
those having red, blue, or purple colors. Antho-
cyanin has pigment colors that can dissolve in 
water and gives red, purple, and blue colors in 
many fruits, vegetables, flowers and seeds [13]. 
Anthocyanin is one type of polyphenols that can 
prevent glycotoxin formation. A study explains 
that phenolic antioxidants, in addition as a free 
radical scavenger, are serving as an AGE inhibitor 
[14]. Anthocyanin can inhibit the formation 
glycotoxin through inhibition of auto-oxidation 
monosaccaride [15]. Anthocyanin also inhibits 
the glycation process and binds glycotoxin with 
its receptor as well as prevents lipid peroxidation, 
and inhibits polyol pathway [5]. This is consistent 
with this research result where the CML serum 
levels of rats in the treatment group were lower 
than that in the positive control group. 

The effective dose of Rosella flower ethanol 
extract to prevent an increase in CML is expected 
at a dose of 300 mg.kgBW-1. This result almost 
similar to previous research that mentioned the 
effective dose in lowering blood glucose levels of 
mice induced by Streptozocin is 288 mg Rosella 
flower extract [16]. 

Nowadays, herb medication is still being sub-
ject of debate because the doses given are not 
always on target. Although antioxidant is highly 
contained in herb, it does not necessarily give a 
good effect on human body. Polyphenols may 
become pro-oxidants when given in high doses 
[17,18]. Pro-oxidants can trigger cell damage 
through oxidative stress mechanisms. Oxidative 
stress conditions can trigger glycation, so that 

pro-oxidant provision can increase the possibility 
of glycation. This is consistent with the results of 
this study in which levels of serum CML, as a 
marker of glycation end products, are likely to 
increase in the provision of higher Rosella flower 
extract.  

The study also shows hepatic NF-ƙB activation 
as a transcription factor by using the control and 
treatment groups. The treatment groups were 
divided into doses of 200, 300, and 400 
mg.kgBW-1. Assessments of Rosella flower etha-
nol extract effecting hepatic NF-ƙB activation of 
rats fed with baked food are evaluated based on 
the amount of transcription factor expression of 
activated NF-ƙB so that translocate from the cy-
toplasm to the nucleus on the liver tissue was 
examined using immunofluorescent method with 
p65 antibody.  

The ANOVA test results shows the p-value 
was 0.003 (p> 0.05), it is indicated that there is a 
significant effect of ethanol extract of Rosella 
flower to the activation of NF-ƙB liver of rat fed 
with baked food. There are significant differences 
in the positive control group with the group given 
dose of 400mg.kgBW-1. This is consistent with the 
hypothesis that ethanol extract of Rosella flower 
may prevent an increase in NF-ƙB activation in 
liver. 

NF-kB that is a transcription factor in mammal 
controls a number of genes that are important in 
immune and inflammatory processes. Some ex-
amples of these genes are Ig-κ light chains, T-cell 
receptor α and β chains, MHC class I proteins and 
cytokines such as GM-CSF, IL-6, IL-2 and TNF-α. 
Viruses like HIV use NF-kB to activate its gene 
transcription [19]. Inflammation is known to con-
tribute to the pathophysiology of many chronic 
diseases. When the inflammatory process con-
tinues over time, it damages the surrounding 
tissue, disrupts the network functions, and may 
cause widespread the damage of organs. This 
process will then lead to various diseases [4]. 
Rosella flower ethanol extract which has a com-
pound of anthocyanin as antioxidant is expected 
to decrease the inflammation due to activation of 
pro-inflammatory cytokines.  

This study also assesses IL-6 level in the liver, 
where there is a significant correlation between 
the positive control group with the treatment 
group given Rosella flower ethanol extract dose 
of 400 mg.kgBW-1 (p <0.05). This is certainly in 
line with the results of NF-ƙB activation, where 
the effective dose of extract is 400 mg.kgBW-1. 
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CONCLUSION 
Baked Animal Feed can increase N-

carboxymethyl-lysine (CML) serum levels of rats. 
Rosella flower ethanol extract dose of 200 
mg.kgBW-1 decreases CML serum levels of rats 
fed with baked food. Rosella flower ethanol ex-
tract dose of 400 mg.kgBW-1 prevents the in-
crease of IL-6 level and the NF-ƙB activation in 
the liver. 
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