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INTRODUCTION

In mammalian animals, the placentae are expelled 
and the corpora lutea of pregnancy regress at parturi-
tion, resulting in dramatic reductions in plasma con-
centrations of progesterone and estrogens (Wettermann, 
1980). During postpartum, the uterine organ in female 
mammalian animals and women undergo an involu-
tion process. During the involution period, the uterus 
experiences contractions, autolysis, cell proliferation, 
and regeneration. An involuting uterus is a temporary 
barrier to fertility in cows, ewes, and sows (Kiracofe, 
1980). In animal agriculture, the longer uterine involu-
tion process during postpartum can increase the interval 
from parturition to conception that eventually decreases 
productivity. Reproductive efficiency can be increased 
in farm animals by decreasing the interval from parturi-
tion to conception (Wettermann, 1980).

The condition for the restoration of the endomet-
ric blood vessels and their cells is determined by the 
pattern of secretion of estrogen (Flowers et al., 1991). 
However, the condition of the postpartum uterus 
undergoes autolysis due to the presence of excess free 
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ABSTRACT

The study examined the effectiveness of ethyl-acetate fraction of Pelawan extract on the activities 
of superoxide dismutases in physiological repairing of uterus in postpartum rat based on SOD 
activity, MDA concentration, and Cu, Zn SOD expressions. The experiment was arranged with 
a factorial, completely randomized design. Seventy-two female rats were divided into 4 groups, 
namely, control 1 (P01= 9), control 2 (P02= 9), giving birth once (P1= 27), and giving birth twice (P2= 
27). The experimental rats were given treatments orally with 4 doses, namely 0 mg/kg BW, 50 mg/
kg BW, 100 mg/kg BW, and 150 mg/kg BW. Observation data were taken on days 0, 3, and 5 after 
parturition. Variables measured were SOD activity, MDA levels, and the number of cells in the 
uterine tissue expressing Cu, Zn SOD. The results of studies on the condition of P01, P02, P1, and 
P2 showed significant changes in Cu, Zn SOD expressions. The low of SOD and MDA activities 
were found at doses of 100 mg and 150 mg. The high number of cells expressing Cu, Zn SOD in the 
epithelium cells and gland cells were found at a dose of 100 mg. Antioxidant plant extracts and their 
dosages determine the activities of SOD, MDA, and Cu, Zn SOD expressions in the uterus that will 
affect the process of repairing and involution of uterine tissue. Allegedly, the bioactive compounds 
extracted at certain doses effectively affect the physiological repair of cells in the uterine tissue of 
postpartum mothers.
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radicals, which can increase lipid peroxidation. 
Furthermore, lipid peroxide decomposes into malo-
ndialdehyde (MDA) in the blood, and the presence of 
MDA is used as a marker of cellular damage in tissues 
(Gumus et al., 2017). The condition of autolysis during 
parturition causes the decrease of superoxide dismutase 
(SOD) enzyme and the catalase enzyme in the uterus. 
Therefore, to improve the involution process of the 
uterus during postpartum in mammalian animals, it is 
proposed to use plant extract as a source of antioxidants.

Pelawan (Tristaniopsis obovata Benn.) plant has 
been used by the people of Talang Mamak tribe in Siak 
Regency, Riau Province, Indonesia for the treatment 
of women after giving birth. Pelawan ethanol extract 
contains flavonoids, alkaloids, tannins, phenols, and 
steroids (Sartika et al., 2013; Oktari et al., 2014). Ethyl 
acetate fraction of Tristaniopsis obovata Benn. extract with 
the DPPH method has a high antioxidant activity value 
with an IC50 value of 28.93, indicating that the extract of 
T. obovata Benn. can be used for the medication (Yusfiati 
et al., 2020). Using herbal plants with high antioxidant 
properties is to prevent the emergence of various dis-
eases that cause death after childbirth complications and 
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death after giving birth. Administration of Symplocos rac-
emosa plant extracts and T. obovata Benn ethanol extract 
in the rat after giving birth accelerate uterine involution 
(Saraswathi et al., 2012; Ihsan et al., 2016).

The present study was designed to evaluate the 
effect of T. obovata Benn. extract on the activity of the 
enzyme superoxide dismutase in the uterus of postpar-
tum mammalian animals by using rats as experimental 
animals. This study aimed to evaluate the activity of 
the superoxide dismutase enzyme in the physiological 
repairing of postpartum rat uterus based on SOD activ-
ity, MDA concentration, and Cu, Zn SOD expressions 
in the uterine cells in response to the administration of 
ethyl acetate fraction of  T. obovata Benn. extract.  The 
results of this study can be applied in improving uterine 
involution in mammalian animals to improve reproduc-
tion efficiency and productivities of mammalian animal 
farmings.

MATERIALS AND METHODS

Ethyl Acetate Fraction of Tristaniopsis obovata Benn 
Extract

A total of 7 kg of Pelawan leaves were collected 
and obtained from Sultan Syarif Hasyim Forest Park, 
Siak Regency, Pekanbaru, Indonesia. Pelawan leaves 
were taken from stems of 2, 3, and 4. Cleaned Pelawan 
leaves were dried in an oven at 40°C and crushed into a 
powder. The Pelawan powder at the weight of 600 g was 
mixed with 6 L 70% ethanol, then the mixture was ex-
tracted with a rotary vacuum evaporator and dried in an 
oven at 40°C to obtain the initial ethanol extract or crude 
extract. The crude extract was fractionated using ethyl 
acetate solvent by using the vacuum liquid chromatog-
raphy (VLC) method to obtain the ethyl acetate fraction.

Experimental Animals

Rats were used in this research under ethical ap-
proval 113-2018IPB from the LPPM IPB University, 
Bogor. The experimental rats were raised in the Animal 
Laboratory Unit of the Faculty of Veterinary Medicine, 
Bogor, Indonesia. A total of 86 Rattus novergicus 
Sprague-Dawley rats consisted of 72 female rats aged 
50-60 days, and 14 male rats aged 50-60 days were accli-
mated for 10 days in 24 cages, each with a size of 36 x 28 
x 12 cm given rice husk. The experimental rats were fed 
with chicken pellets (PUR 512-Bravo). Before treatment, 
the experimental rats were given antibiotics and worm 
medicine (Kalibazen 0.2 mL/oral) to eliminate worm 
infections.

The experiment was designed to evaluate the ef-
fects of pelawan extract administration in rats during 
the first and the second parturition on the MDA concen-
trations and SOD, Cu, Zn SOD activities in the uterus. 
The experiment was arranged in a completely random-
ized design with a 2 x 4 x 3 factorial arrangement. The 
first factor was the duration of treatment consisted of 2 
levels, i.e., one reproduction cycle during the first par-
turition (7 days before mating and 5 days after the first 

parturition) and two reproduction cycles during the first 
and the second parturitions (7 days before mating and 5 
days after the first parturition continued with 7 days be-
fore mating and 5 days after the second parturition). The 
second factor was a dose of pelawan extract consisted of 
4 levels, i.e., 0, 50, 100, and 150 mg/kg BW.

The third factor was the time of uterine observation 
consisted of 3 levels, i.e., 0, 3, and 5 days after parturi-
tion.  In the experimental rats treated with Pellawan 
extract for one parturition (P1), the time of uterine ob-
servation was conducted on the day of parturition 1, day 
3 of parturition 1 (after 2 days of pelawan extract treat-
ment after parturition 1), and day 5 of parturition 1 (af-
ter 4 days of pelawan extract treatment after parturition 
1).  In the experimental rats treated with Pelawan extract 
for two parturitions (P2), the time of uterine observation 
was conducted at the day of parturition 2, day 3 of par-
turition 2 (after 2 days of pelawan extract treatment after 
parturition 2), and day 5 of parturition 2 (after 4 days of 
pelawan extract treatment after parturition 2).

Each experimental unit used 3 rats. Therefore, 
the total number of female experimental rats used in 
the study were 72.  All-female experimental rats were 
mated with the ratio of 1 male rat to mate 3 female 
rats. Pregnant female rats are known by observing at 
the vaginal opening area the presence of white vaginal 
plug. Then, each pregnant female rat was maintained in 
a separate cage. The pregnancy of female rats lasted for 
20-22 days until giving birth.

The female experimental rats from the control 
group were not given the extract of pelawan extract. 
The experimental rats treated with pelawan extracted 
for one reproduction cycle of the first parturition (P1), 
the pelawan extract at doses of 50 mg/kg BW, 100 mg/
kg BW, and 150 mg/kg BW were given for 7 days before 
mating and 5 days after the fist parturition.  The experi-
mental rats were treated with pelawan extract for two 
reproduction cycles of parturition 1 and parturition 2 
(P2). The pelawan extracts were administered at doses 
of 50 mg/kg body weight, 100 mg/kg body weight, and 
150 mg/kg bodyweight for 7 days before mating and 5 
days after giving birth in the first parturition cycle and 
continued with the administration of pelawan extract 
with the same doses 7 days before mating and 5 days 
after giving birth in the second parturition cycle.

In the experimental rats observed for one cycle of 
reproduction during parturition 1, the concentration of 
MDA, the activity of SOD, and the expression of Cu, Zn 
SOD in the uterine cells were measured in the uterine 
tissue of the experimental rats on day 0 (at parturition 
1), day 3 after parturition 1, and day 5 after parturition 
1. In the experimental rats treated with pelawan extract 
during two reproduction cycles during parturition 1 and 
parturition 2, the concentration of MDA, the activity of 
SOD, and the expression of Cu, Zn SOD were measured 
in the uterine tissue of the experimental rats on the 
second parturition, i.e., on day 0 (at parturition 2), day 3 
after parturition 2, and day 5 after parturition 2. Uterine 
histology from each treatment was prepared using the 
paraffin method on day 0 (at parturition 2), day 3 after 
parturition 2, and day 5 after parturition 2 stained with 
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immunohistochemical staining Cu, Zn-SOD avidin-bio-
tin method (Blesson et al., 2012; Quzwain & Suryawati, 
2017; Wresdiyati et al., 2019).

Measurement of MDA Levels

MDA levels in the uterine tissues were measured at 
the Molecular and Biochemical Laboratory of Faculty of 
General Medicine of UI Salemba, Jakarta, Indonesia, us-
ing Lipid Peroxidation (MDA) Assay Kit (Colorimetric/
Fluorometric) (Abcam, ab118970). Fresh uterine tis-
sue with the weight of ± 0.5 g was mashed in 1 mL of 
phosphate buffer solution (pH 7.4), then centrifuged at 
10000 rpm for 20 minutes. A total of 200 µL of uterine 
supernatant in all treatments was added with 200 µL 
of 250 mg TBA solution in 7.5 mL of glacial acetic acid. 
Preparation of standard MDA solutions (4.17 M) with 
volumes of 0, 6, 12, 18, 24, and 30 µL were diluted with 
ddH2O volumes of 600, 594, 588, 582, 576, and 570 µL. 
The standard MDA produced were 0.4 (2 µM), 0.8 (4 
µM), 1.2 (6 µM), 1.6 (8 µM), and 2.0 (10 µM). Standard 
MDA solutions were added with 200 µL of TBA 250 mg 
solution in 7.5 mL of glacial acetic acid. All solutions 
were incubated for 60 minutes at 95°C. After being 
cooled, the solution was centrifuged at 13000 rpm for 
10 minutes. The supernatant in the upper layer was 
used for measurements of absorbance on a micro-plate 
reader with Ex/Em= 532/553 nm for fluorometric testing. 
Sample concentrations were obtained by plotting the 
sample absorbance data into a standard curve (Adyttia 
et al., 2016).

Measurement of SOD Activity

Measurement of SOD activity was carried out at 
the Microbiology Laboratory, Primate Study Center, 
IPB University, Bogor, Indonesia. A total of 2 uterine 
tissue samples from experimental rats treated with the 
Pelawan extracts having the highest antioxidant value 
and control were measured by uterine SOD with the 
uterine SOD ELISA Kit (Abcam, ab65354) (Han et al., 
2020). Fresh uterine tissue at the weight of ± 0.5 g was 
mashed and put into 1 mL a phosphate buffer solution 
of pH 7.4, and then the solution was centrifuged at 
10000 rpm for 20 minutes. Preparation of wells set was 
blank 1= 20 µL ddH2O, blank 2= 20 µL sample, blank 3= 
20 µL ddH2O, and wells sample= 20 µL. Then, each well 
was added with a 200 µL working WTS solution, an-
other 20 µL buffer dilution solution was added to blank 
2 and blank 3. Enzyme Working solution at a volume 
of 20 mL was added to each sample well and blank 1, 
mixed, and incubated at 37°C for 20 minutes. Then, the 
output (OD450 nm) was measured with a microplate 
reader. The results of measurement data output were 
calculated SOD activity and % of the average resistance 
with the following formula:
% Inhibition rate= {[(Ablank1 - Ablank3) - (Asample - Ablank2)] / 

(Ablank1 - Ablank3)} x 100%
  
SOD Activity (unit/mL)= 

[%Average resistance x 1unit
10mL

] / 50%

where A was absorbance and 50% was SOD activity unit 
is defined as the amount of SOD needed to cause 50% 
inhibition of working-enzyme oxidation (SOD50).

Immunohistochemistry of Cu, Zn SOD in the Uterus

Detection of Cu, Zn SOD in the uterus was con-
ducted by immunohistochemical staining of Cu, Zn 
SOD. Immunohistochemical staining was conducted by 
using Abcam Anti Superoxide Dismutase 1 antibody 
(Abcam, ab51254) with a slight modification in the type 
of secondary antibody. The two uterine tissues in each 
treatment and control were fixed with BNF 10% for 
72 hours, then dehydrated with multi levels alcohol, 
cleared with xylol, and embedded with paraffin (histo-
plast 58°C). Paraffin blocks were cut as thick as 5 µm. 
The preparations were deparaffinized and rehydrated, 
and then immunohistochemical staining was carried out 
on Cu, Zn SOD. 

Immunohistochemical staining of Cu, Zn SOD 
by the avidin-biotin method was conducted with the 
following steps. The preparations of uterine tissue 
were deparaffinized with xylol and rehydrated with 
multi-levels of alcohol, aquadest, and MiliQ. Removal 
of endogenous peroxidase enzymes was conducted by 
the addition of hydrogen peroxidase (H2O2 10%) and 
left for 30 minutes at 37°C, and then the preparation 
was washed with PBS at pH. 7.4. Then, the preparation 
was dropped with 10% Sniper background normal 
serum for 30 minutes to block nonspecific bonds and 
subsequently washed with PBS. Then, the preparation 
was unmasked with the addition of 0.2% AgTripsin 
in CaCl2, and the preparation was washed with PBS. 
Subsequently, the preparate was given a primary an-
tibody, namely Abcam Anti Superoxide Dismutase 1 
antibody (Abcam, ab51254) at 4°C, incubated for 1 night 
(1 x 24 hours). Then the preparate was washed with 
PBS, then pieces of tissue were incubated with Linked 
Reagent Biotinylated for 30 minutes at 37°C, and then 
the preparate was washed again with PBS, incubated 
again with Streptavidin HRP for 30 minutes at 37°C, 
and then washed with PBS. Then, the tissue pieces were 
given a Diethyl Amino Benzyn (DAB) substrate for 50 
seconds and washed with MiliQ. The preparations were 
countered with hematoxylin, dehydrated, cleared, and 
mounted (Wresdiyati et al., 2019). The positive control 
used white rat mammary gland tissue that was stained 
with the immunohistochemical staining used in this 
protein. SOD in the tissue was observed with a light mi-
croscope. Observation of cells in the uterine tissue was 
conducted with two types of observations, i.e., qualita-
tive and quantitative observations. Qualitative observa-
tion of a positive reaction product in the cells of the 
uterine tissue was conducted by comparing the brown 
color that was formed and its distribution in all parts of 
the tissue. The brown color reflected the content of Cu, 
Zn SOD. Quantitative observation of cells in the uterine 
tissue that reacted positively at the level of Cu, Zn SOD 
content. The calculation of these cells was conducted 
every 10 times the field of view at 400 x magnification.
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Data Analysis

The results of measurement consisted of two 
types of data, i.e., qualitative and quantitative data. 
Quantitative data on MDA and SOD concentrations and 
the number of cells stained with IHC Cu, Zn SOD were 
calculated using the Image J program. All data were 
analyzed by one-way ANOVA test and T-test (p<0.05) 
SPSS 23 program in both parent groups after giving 
birth once and twice on days 0, 3, and 5.

RESULTS

Treatment with pelawan leave extract significantly 
affected (p<0.05) the SOD activities in the uterine organs 
of female rats after giving birth once and twice. The 
SOD activities in the uterus significantly decreased in 
the experimental rats treated with Pelawan leaves ethyl 
acetate fraction extract at doses of 50 and 100 mg/kg BW 
(Table 1).  The decrease in SOD activities in the uterus 
was observed in experimental rats both giving birth 
once and twice. However, there were no significant ef-
fects of the frequency of giving birth and days of uterine 
observations on the SOD activities in the uterus.  Even 
though there was a significant decrease in SOD activities 
in the uterus of experimental rats treated with pelawan 
extract at doses of 50 and 100 mg/kg BW, there were 
no significant interaction effects of the dose of pelawan 
extract, the frequency of giving birth, and days of obser-
vation on the SOD activities in the uterus. The negative 
SOD activities were found in experimental rats treated 
with pelawan extract at doses of 50 and 100 mg/kg BW, 
both in the rats giving birth once and twice. However, 
experimental rats treated with pelawan extract at a dose 
of 50 mg/kg BW having a negative SOD activity at the 
first parturition, the SOD activity increased and reached 
the highest level (268.03 U/mL) 5 days after parturition 
1, while experimental rats treated with pelawan extract 
at a dose of 100 mg/kg BW still have negative SOD activ-
ity in the uterus (-75.73 U/mL).  Both experimental rats 
treated with pelawan extracts at doses of 50 and 100 mg/
kg BW had positive SOD activities in the uterus 5 days 
post parturition 2, reaching 148.49 and 148.48 U/mL, re-
spectively. Control experimental rats treated with pela-
wan extract at a dose of 0 mg/kg BW and experimental 
rats treated with pelawan extract at a dose of 150 mg/kg 
BW had positive SOD activities in the uterus at observa-
tions on the days of parturitions 1 and 2 continued on 3 
and 5 days after parturitions 1 and 2. The experimental 
rats treated with pelawan extract at a dose of 50 mg 
reached the highest SOD activity (268.03 U/mL) 5 days 
after parturition 1 than all treatments. 

Malondialdehyde (MDA) concentrations in the 
uterus were significantly affected by the giving birth 
frequency (giving birth once or parturition 1 and giv-
ing birth twice parturition 1 and parturition 2 (p<0.01). 
However, there was a significant interaction effect of 
doses of pelawan extract treatment and stage of observa-
tion at parturition 1 and parturition 2.  The dose of pela-
wan extract, days of observations of the uterus, and their 
interaction were not significantly different.  The MDA 
concentrations in the uterus after parturition decreased Ta
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in female rats giving birth once and going up in giving 
birth twice (Table 1) and statistically significantly differ-
ent (p<0.05). The extract dose of 100 mg has a high de-
crease in MDA compared to other doses of treatment in 
the maternal rats giving birth once, and the highest in-
crease was found in the maternal rats giving birth twice. 
In all treatments, the concentration of MDA decreased 
on the 3rd day after parturition and increased again on 
the 5th day. The decreased and increased concentrations 
of MDA reflect the health condition of the maternal rats 
after giving birth.

The number of uterine epithelium cells expressed 
Cu, Zn SOD in maternal rats giving birth once and 
twice decreased on the 3rd day and did not rise again 
on the 5th day and based on statistical analysis, and the 
concentrations were significantly different (p<0.05) 
(Figure 1A; Figure 1B). The number of uterine epithe-
lium cells in the maternal rats giving birth once treated 
with pelawan extract at a dose of 150 mg/kg BW and the 
maternal control rats giving birth twice expressed Cu, 
Zn SOD at the lowest level. The number of epithelium 
cells in the maternal rats giving birth twice treated with 
pelawan extract at a dose of 100 mg/kg BW expressed 
Cu, Zn SOD at the highest level. The number of uterine 
epithelium cells expressing Cu, Zn SOD in the maternal 
rats giving birth twice was higher than the maternal rats 
giving birth once.

The number of uterine gland cells expressing Cu, 
Zn SOD in maternal rats giving birth once and twice 
increased with the increasing days after giving birth 
(p<0.05) (Figure 2A; Figure 2B). The number of uterine 
gland cells expressing Cu, Zn SOD was high in the 
maternal rats treated with pelawan extract at a dose of 
100 mg. The number of gland cells in the maternal rats 
giving birth twice and treated with the pelawan extract 
at a dose of 100 mg/kg BW expressed Cu, Zn SOD at the 
highest levels. The lowest number of uterine gland cells 
expressing Cu, Zn SOD was found in the maternal rats 
giving birth once treated with pelawan extract at doses 
of 50 and 150 mg/kg BW. 

The number of uterine stroma cells expressing Cu, 
Zn SOD in the maternal rats giving birth twice was 
higher than in those giving birth once. The numbers 
of uterine stromal cells expressing Cu, Zn SOD in the 
maternal rats giving birth once and twice increased on 
the 3rd day and decreased on the 5th day (p<0.05) (Figure 
3A; Figure 3B). The high number of uterine stromal cells 
expressing Cu, Zn SOD was found in maternal rats giv-
ing birth twice treated with pelawan extract at a dose of 
150 mg/kg BW.

DISCUSSION

The dose of 100 mg can improve postpartum 
uterine conditions. Also, a dose of 150 mg can improve 
postpartum uterine performance in rats giving birth 
twice. Allegedly, high antioxidant content can affect 
SOD activity, MDA concentration, and expression of 
Cu, Zn SOD in the uterus tissue. The decreased SOD 
enzyme activity (Table 1) with the increasing days after 
giving birth indicates the presence of high free radicals 
in the uterine tissue. Malondialdehyde (MDA) levels on 
the first day after giving birth (Table 1) are higher and 
decrease on the 3rd day and increase again on the 5th day 
after giving birth. SOD enzyme activities in the maternal 
rats treated with pelawan extract at a dose of 50 mg/
kg BW were high, and it was suspected that there was 
a great number of inflammations in the uterine tissue. 
Meanwhile, treatment of maternal rats with pelawan 
extract at a dose of 100 mg/kg BW showed low SOD 
activities. These results could be related to the condi-
tion that the concentration of certain antioxidants in an 
extract can reduce inflammation in the uterine tissues. 
The uterine of rats given the toxic substances inflame 
the high levels of SOD enzyme activities, and treatment 
with ethanol extract of Ficus vagelli containing nutritious 
antioxidants can reduce SOD in the uterus (Uchewa & 
Ezugworie, 2018). The results of a similar study show 
that the oral administration of pesticide compounds 
such as cypermethrin to mice reduces 17β-estradiol lev-

Figure 1.  Bar chart of number mean of  epithelium cells expressed with Zn, Cu SOD  of the female rat uterus after giving birth once 
(A) and twice (B) on ( )  0 day, ( ) 3 days, and ( ) 5 days after parturition. 

 P1= The female rats giving birth once; P2= The female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c 

p<0.05= days after parturition; * p<0.05= vs. between giving birth with treatment and days after parturition; ** p<0.01= vs. 
female rat giving birth, vs.treatment of Pelawan extract, vs. days after parturition; vs. between giving birth with treatment 
of Pelawan extract, vs. between giving birth with days after parturition, vs. between treatment of Pelawan exctract with days 
after parturition.

TASJ-33026_Revised by Author 

28 
 

 592 
 593 
 594 
 595 
 596 
 597 
 598 
 599 
 600 
 601 
 602 

  603 
 604 
 605 
 606 
 607 
 608 
 609 
 610 
 611 
 612 
 613 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 
 626 
 627 
Figure 1. Bar chart of number mean of  epithelium cells expressed with Zn, Cu SOD  of 628 
the female rat uterus after giving birth once (A) and twice (B) on (   )  0 day,  (   ) 3 629 
days, and   (   ) 5 days after parturition. (P1= The female rats giving birth once; P2= The 630 
female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c p<0.05= 631 
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parturition; ** p<0.01= vs. female rat giving birth, vs.treatment of Pelawan extract, vs. 633 
days after parturition; vs. between giving birth with treatment of Pelawan extract, vs. 634 
between giving birth with days after parturition, vs. between treatment of Pelawan 635 
exctract with days after parturition). 636 
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exctract with days after parturition). 636 
 637 

 

 

 

 

M
ea

n 
of

 u
te

ru
s 

ep
ith

el
iu

m
 c

el
l n

um
be

r 
w

ith
 C

u,
 Z

n 
SO

D
 e

xp
re

ss
io

n

M
ea

n 
of

 u
te

ru
s 

ep
ith

el
iu

m
 c

el
l n

um
be

r 
w

ith
 C

u,
 Z

n 
SO

D
 e

xp
re

ss
io

n



420     December 2021

YUSFIATI ET AL. / Tropical Animal Science Journal 44(4):415-424

els in the blood and increases MDA levels in the uterine 
tissue (Widowati et al., 2018).

The increasing concentration of lipid peroxide in 
the tissues shows that the existing endogenous SOD 
cannot neutralize the excessive free radicals present in 
the tissues (Sharma et al., 2012). In the present study, the 
administration of Pelawan extracts at a dose of 50 mg/
kg BW could not reduce free radicals. On the contrary, 
a dose of 100 mg/kg BW significantly reduced the 
presence of free radicals in the tissue. The content of 
alkaloids having an unstable chemical structure in the 
extract can affect the instability of the antioxidant bonds 
to free radicals. Therefore, the antioxidants present 
in the extract do not function normally to reduce free 
radicals and eventually increase MDA concentration in 
the tissue. Conversely, alkaloid content whose chemi-
cal structure is stable can bind to free radicals and can 

reduce MDA (Tse et al., 1991). The role of b-carboline 
alkaloids in plant extracts with certain concentrations 
can effectively reduce free radicals in the tissues. The 
alkaloid extract of b-carboline is effective in reducing 
free radicals in cell lines at a concentration of 150 µg/
mL (Moura et al., 2007). The b-carboline content in the 
alkaloids showing a significant effect on the antioxidant 
capacity of certain concentrations has warded off free 
radicals.

The flavonoid content in the extract can reduce 
the production of free radicals and can also increase 
endogenous antioxidants (Kasote et al., 2015). The 
flavonoid content in the Pelawan ethyl acetate fraction 
extract may reduce the production of free radicals in the 
uterus tissue. Flavonoid compounds are polyphenols 
whose potential as antioxidants depends on their con-
centrations in the bloodstream after absorption in the 

Figure 2.  Bar chart of number mean of  gland cells expressed with Zn, Cu SOD  of the female rat uterus after giving birth once (A) and 
twice (B) on ( )  0 day, ( ) 3 days, and ( ) 5 days after parturition. 

 P1= The female rats giving birth once; P2= The female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c 

p<0.05= days after parturition; * p<0.05= vs. between giving birth with treatment and days after parturition; ** p<0.01= vs. 
female rat giving birth, vs.treatment of Pelawan extract, vs. days after parturition; vs. between giving birth with treatment 
of Pelawan extract, vs. between giving birth with days after parturition, vs. between treatment of Pelawan exctract with days 
after parturition.
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Figure 2. Bar chart of number mean of  gland cells expressed with Zn, Cu SOD  of the 677 
female rat uterus after giving birth once (A) and twice (B) on (    ) 0 day, (   ) 3 days, 678 
and (    ) 5 days after parturition. (P1= The female rats giving birth once; P2= The 679 
female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c p<0.05 = 680 
days after parturition; ** p<0.01= vs. treatment of Pelawan extract, vs. days after 681 
parturition, vs. between giving birth with days after parturition, vs. between giving birth 682 
with treatment of Pelawan exctract and days after parturition). 683 
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Figure 2. Bar chart of number mean of  gland cells expressed with Zn, Cu SOD  of the 677 
female rat uterus after giving birth once (A) and twice (B) on (    ) 0 day, (   ) 3 days, 678 
and (    ) 5 days after parturition. (P1= The female rats giving birth once; P2= The 679 
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days after parturition; ** p<0.01= vs. treatment of Pelawan extract, vs. days after 681 
parturition, vs. between giving birth with days after parturition, vs. between giving birth 682 
with treatment of Pelawan exctract and days after parturition). 683 
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Figure 3.  Bar chart of number mean of stroma cells expressed with Zn, Cu SOD  of the female rat uterus after giving birth once (A) 
and twice (B) on ( )  0 day, ( ) 3 days, and ( ) 5 days after parturition. 

 P1= The female rats giving birth once; P2= The female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c 

p<0.05= days after parturition; * p<0.05= vs. between giving birth with treatment and days after parturition; ** p<0.01= vs. 
female rat giving birth, vs.treatment of Pelawan extract, vs. days after parturition; vs. between giving birth with treatment 
of Pelawan extract, vs. between giving birth with days after parturition, vs. between treatment of Pelawan exctract with days 
after parturition.
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Figure 3. Bar chart of number mean of  stroma cells expressed with Zn, Cu SOD  of the 713 
female rat uterus after giving birth once (A) and twice (B) on  (    )  0 day, (   ) 3 days, 714 
and (   )  5 days after parturition. (P1= The female rats giving birth once; P2 = The 715 
female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c p<0.05= 716 
days after parturition; ** p<0.01= vs. treatment of Pelawan extract, vs. days after 717 
parturition, vs. between giving birth with days after parturition, vs. between treatment of 718 
Pelawan extract with days after parturition; vs. between giving birth with treatment of 719 
Pelawan exctract and days after parturition). 720 

TASJ-33026_Revised by Author 

30 
 

 684 
 685 

 686 

 687 

 688 

 689 

 690 

 691 

 692 

 693 

 694 
 695 
 696 
 697 
 698 
 699 
 700 
 701 
 702 
 703 
 704 
 705 
 706 
 707 
 708 
 709 
 710 
 711 
 712 
Figure 3. Bar chart of number mean of  stroma cells expressed with Zn, Cu SOD  of the 713 
female rat uterus after giving birth once (A) and twice (B) on  (    )  0 day, (   ) 3 days, 714 
and (   )  5 days after parturition. (P1= The female rats giving birth once; P2 = The 715 
female rats giving birth twice; A,B,C p<0.05= treatment of Pelawan extract; a,b,c p<0.05= 716 
days after parturition; ** p<0.01= vs. treatment of Pelawan extract, vs. days after 717 
parturition, vs. between giving birth with days after parturition, vs. between treatment of 718 
Pelawan extract with days after parturition; vs. between giving birth with treatment of 719 
Pelawan exctract and days after parturition). 720 

Treatment of Pelawan extract (mg/kg BW)

M
ea

n 
of

 u
te

ru
s 

ep
ith

el
iu

m
 c

el
l n

um
be

r 
w

ith
 C

u,
 Z

n 
SO

D
 e

xp
re

ss
io

n

Treatment of Pelawan extract (mg/kg BW)

M
ea

n 
of

 u
te

ru
s 

ep
ith

el
iu

m
 c

el
l n

um
be

r 
w

ith
 C

u,
 Z

n 
SO

D
 e

xp
re

ss
io

n



December 2021      421    

YUSFIATI ET AL. / Tropical Animal Science Journal 44(4):415-424

digestive tract and modification results during metabo-
lism. Polyphenolic compounds determine conjugation 
reactions with methyl, sulfate, or glucuronide groups 
and the number of their metabolites formed by the mi-
croflora in the large intestine. Flavonoids also can act as 
signaling molecules in the cells through protein kinase 
and lipid kinase signaling pathways. Katuk leaf extract 
(Sauropus androgynous L. Merr), which contains flavo-
noid compounds, can reduce inflammation in the body 
of mice by the administration of the extract at a dose of 
400 mg/kg BW (Desnita et al., 2018). In addition, blood 
MDA concentrations in the rats decreased, and SOD 
levels increased after administration of Gaharu leaf ex-
tract for 10 weeks with doses of 50 mg/kg BW, 100 mg/
kg BW, and 200 mg/kg BW (Parwata et al., 2016). Water 
extract of Gaharu leaf contains flavonoid compounds 
that can function as exogenous antioxidants. The extent 
of the therapeutic effect of exogenous antioxidants de-
rived from plant extracts depends on the absorption of 
antioxidants in the digestive tract, distribution, metabo-
lism, and previous storage and secretion. Each plant has 
therapeutic properties with different doses (Kasote et al., 
2015). 

The flavonoid content in the Pelawan ethyl 
acetate fraction extract may have phytoestrogenic 
activity. Phytoestrogens have a function similar to 
that of endogenous estrogens. The chemical structure 
of phytoestrogens is similar to the chemical structure 
of 17β-estradiol (Viggiani et al., 2019). According to 
Kostelac et al. (2003), phytoestrogens that bind to alpha 
and beta estrogen receptors can increase the binding of 
estrogen receptors with estogen-receptor element (ERE). 
Phytoestrogens are higher in activating beta estrogen re-
ceptor binding with ERE than with alpha receptors. 17-β 
Estradiol with a concentration of 0.03 µM effectively 
binds to alpha receptors, and a concentration of 0.01 
µM effectively binds to beta receptors. Phytoestrogens 

(Genestin compounds) with a concentration of 15 µM 
were effective in activating alpha receptor bonds with 
ERE and 0.03 µM concentrations of beta-receptor bonds 
with ERE. Phytoestrogens (Genestin compounds) are 
effective in activating ER-beta bonds with ERE. In 
contrast, the endogenous hormone (17β-estradiol) is 
less effective at activating the ER-beta bond with ERE. 
The result of the metabolite daidzein (a phytoestrogen 
compound), namely equol, activates the RE alpha bond 
with ERE up to 85 times more effectively. According to 
Jefferson et al. (2012), the mechanism of action of phy-
toestrogens against the alpha estrogen receptor and the 
beta estrogen receptor classically is largely mediated by 
its hormone feedback action. The affinities of ER alpha 
and ER beta are relatively weak against phytoestrogens 
compared to endogenous estradiol. ER activity can be 
an agonist or antagonistic depending on the presence of 
estradiol.

The expressions of Cu, Zn SOD after administration 
of ethyl acetate fraction of T. obovata Benn. to female rats 
giving birth once and twice showed that in the epithe-
lium layer of the endometrium on the third day after 
giving birth, the expression of Cu, Zn SOD decreased 
and increased again on the fifth day after parturition. 
Therefore, the uterine glands on the maternal rats on the 
third and fifth days after giving birth have an increased 
expression of Cu, Zn SOD. The expression of Cu, Zn 
SOD increased in the area of endometrial stromal on the 
third and the fifth days (Figures 2, 3, and 4). The flavo-
noid content of Pelawan leaf extract may influence the 
expression of Cu, Zn SOD in the uterus tissue. The Cu, 
Zn SOD content in the plant organs has different levels 
(Qu et al., 2010). The Cu, Zn SOD gene was expressed in 
the leaves, stems, and underground stem. The expres-
sion of the Cu, Zn SOD gene was more expressed in the 
leaves and stems than in the underground stem.

Figure 4. Tissue cells in the uterus stained with IHC Cu, Zn SOD. (A). Dose of 50 mg 
giving birth twice 5 days after parturition. (B). The dose of 50 mg giving birth 
once 3 days after parturition. (C). Doses of 100 mg giving birth once 5 days after 
parturition. (D). The 150 mg dose giving birth twice 5 days after parturition. Ep= 
Epithelium, Gld= Gland, SC= Stroma Cell.
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The expression of Cu, Zn SOD in the uterine tissue 
shows a promoter bond with the ERE in the plasmid. 
The potential mechanism of Cu, Zn SOD can increase 
the expression of genes that mediate estrogen receptor α 
(ERα) in two ways: first, it directly influences transcrip-
tion through interactions of Cu, Zn SOD with estrogen 
receptor α (ERα) and becomes a receptor-DNA complex 
and the second, indirectly protect protein cell nuclei 
from oxidation damage. The presence of oxidation 
will reduce the ability of ERα to bind DNA-containing 
ERE (Hayashi et al., 1997). The increased expression of 
Cu, Zn SOD in the cells of uterine tissue in the present 
study showed an increase in the binding of DNA-
containing ERE. The redox, such as Egr1 (Early Growth 
Response-1), AP1 (Activating Protein 1), NF-κB (Nuclear 
Factor-kappa B), and Nrf2, affect the regulation of Cu, 
Zn SOD expression on performance at the transcrip-
tional level that will change the Cu, Zn SOD mRNA 
for the formation of Cu, Zn SOD protein. Therefore, an 
altered level of O2 in the cell will affect downstream cell 
signaling targets and affect cell sensitivity and prolifera-
tion (Todorovic et al., 2019).

An increase in Cu, Zn SOD in the mammary 
gland tissue in rats, increases the concentration of es-
trogen in the blood (Griess et al., 2017). As a result, the 
concentration of estrogen in the blood will increase. 
Postmenopausal mothers who were given estrogen hor-
mone therapy experienced an increase in the activity of 
Cu, Zn SOD enzymes in the blood (47.1±5.3 U/mg Hb) 
compared to postmenopausal mothers without hormone 
therapy (32.1±3.2 U/mg Hb) (Unfer et al., 2014). Estrogen 
can directly stimulate the activity of Cu, Zn SOD in the 
erythrocytes at a certain dose. In the gene promoter, 
there is an estrogen receptor area that binds to Cu, Zn 
SOD. The production of Cu, Zn SOD in the blood can 
be increased by administering serum 17β-estradiol in 
menopausal women. 17β-estradiol in the blood can 
stimulate the activity of Cu, Zn SOD in the nucleus at 
promoter nucleus of blood cells to produce estrogen 
(Unfer et al., 2013; Unfer et al., 2014). In cultured uterine 
stromal cells treated with estrogen, the expression of 
Cu and Zn SOD increased in the uterine stromal cells 
(Sugino et al., 2002). The expression of Cu, Zn SOD in 
the uterine tissue cells decreased due to an increase in 
free radicals in the uterine stroma and an increase in 
the concentration of PGF2α (Prostaglandin F2α) in the 
uterus. These free radicals will stimulate MMP (Matrix 
Metalloproteinase) activity. MMP is an enzyme that 
can degrade all types of extracellular matrix proteins. 
PGF2α played an important role in the contraction and 
relaxation of smooth muscle in the uterus. The activity 
and expression of Cu, Zn SOD in the endometrium of 
the uterus will result in oxidative damage.

Aging in the parent will also reduce Cu, Zn SOD 
in the cytosol and will reduce the production of the 
estrogen hormone in the parent (Kusunoki et al., 2006). 
Cu, Zn SOD is highly expressed in the cytoplasm. 
However, the rat hepatocytes were identified to contain 
Cu, Zn SOD in the nucleus, lysosomes, and mitochon-
dria. Cu, Zn SOD in the cytosol is in the nucleotide 
chain at the promoter of mRNA, and this region is the 

site of the binding of estrogen α receptors with Cu, Zn 
SOD (Pamela et al., 2011). The gene promoter of hu-
man Cu, Zn SOD identified an antioxidant responsive 
element that was located between −356 and −330 from 
the transcription start of the 3’ UTR site (AATAAA and 
ATTAAA) (Dreger et al., 2010).

The mechanism of superoxide disproportionation 
in binding radicals in the body is copper 2+ superoxide 
anion donating electrons to molecular oxygen by 
binding to O2 

• - and the substrate binds to copper2+. 
Reduction of copper 2+ to copper 1+ breaks the bond be-
tween copper and histidine, and the histidine becomes 
protonated. These protons donate together with elec-
trons from copper 1 + to the second O2 • - anion, forming 
H2O2 (Sheng et al., 2014; Griess et al., 2017). However, 
the excess of Cu, Zn SOD exogenous in the body will be 
pro-oxidants because there is recent evidence to explain 
that the oxidation of Cu + -SOD1 by peroxy carbonate 
is more than 100 times faster than the oxidation of Cu + 
-SOD1 by H2O2. Oxidation of the bicarbonate bond with 
Cu + -SOD1 from HO2 which occurs to become peroxy 
carbonate (CO4

2−). Furthermore, peroxy carbonate is re-
duced to radicals carbonate (CO3 • -), which is bound to 
enzymes so that the enzyme becomes inactivated. This 
condition results in the Cu, Zn SOD enzymes becoming 
pro-oxidants (Sheng et al., 2014).

The results obtained in the present study have a 
great potential to be used in improving uterine involu-
tion in the postpartum mammalian animals that pro-
duce a shorter interval from parturition to conception. 
In the mammalian animal industry, reproductive ef-
ficiency and productivity can be increased by decreasing 
the interval from parturition to conception (Wettemann, 
1980).

CONCLUSION

The administration of T. obovata Benn. ethyl acetate 
fraction extract affected the concentration of SOD, 
MDA, and the expression of Cu, Zn SOD of uterus 
tissue cells postpartum. Allegedly, the bioactive content 
in the plant extracts with antioxidant efficacy in their 
dosages determines the activity of SOD, MDA, and the 
expression of Cu, Zn SOD. Pelawan extract dosages 
stimulate the physiological repair of cells in the uterine 
tissue of the mother during the postpartum period.
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