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ABSTRACT
Background: Diodia sarmentosa leaves have gained application in the local treatment of certain
ailments. This study evaluated the effect of ethanol extracts of Diodia sarmentosa leaves on bio-
chemical, antioxidant, and histopathological indices of monosodium glutamate-induced uterine
leiomyoma in albino rats. Methods: Twenty-one (21) female adult albino rats were acclimatized
for 10 days and then classified into three treatment groups, each containing seven rats. Group 1
was the normal control (NC) without any induction, Group 2 was the positive control (PC) and was
induced with 200 mg/kg body weight of monosodium glutamate (MSG) without treatment, and
Group 3 was the treated group (TG), induced with 200 mg/kg body weight of MSG, then treated
with 400 mg/kg body weight of ethanol extract of Diodia sarmentosa leaves for 30 days. Results:
The results of the study showed an impaired antioxidant system in the positive control (untreated
group). Some biochemical parameters were also altered in the positive control, mostly revealing a
relationship between uterine leiomyoma and renal impairment, or kidney damage. Treatment with
ethanol extracts of Diodia sarmentosa leaves significantly (P < 0.05) improved the altered biochem-
ical and antioxidant parameters. These findings were also supported by a histopathology result,
which revealed the extent of tumors in the affected tissues. Conclusion: The ethanol extract of
Diodia sarmentosa (Sw) leaves mitigated oxidative stress and improved the impaired antioxidant
system caused by uterine leiomyoma induction.
Key words: Diodia sarmentosa, uterine leiomyoma, antioxidant, histopathology

INTRODUCTION
According to the National Cancer Institute (NCI),
the uterus is vulnerable to various diseases, which
are categorized as malignant, benign, or inflamma-
tory 1. Most benign lesions are products of inflam-
mation resulting from microbial infestations. Fe-
male hormones occasionally influence composite tis-
sue, and this also is believed to promote genetic dis-
eases2. Uterine leiomyoma, commonly known as a
fibroid, is a benign tumor of the muscle tissue that
grows in the wall of the uterus3. Uterine fibroids pre-
dominantly occur in women over the age of 304. Fi-
broids are a common gynecological problem aswell as
the most common benign genital tract tumor, which
can lead to pregnancy loss and other fertility issues
in women of reproductive age5–7 . Endometrial hy-
perplasia is the most common uterine hyperplasia8,
and about 20 % of women with endometrial hy-
perplasia are more susceptible to developing fibroid
growth during their reproductive years. Most women
with uterine fibroids do not show early symptoms
and therefore receive little or no medical attention5,9.

This type of tumor, known as an asymptomatic tu-
mor, can cause pain during menstruation, frequent
urination, and, in some cases, delayed pregnancy 10.
Most women who show signs of fibroid growth early
enough for prompt diagnosis usually experience ab-
dominal pelvic mass5,6,11.
Development of myomas is initiated from the trans-
formation and growth of normal myocytes into clin-
ically apparent tumors; in rare cases, a leiomy-
oma may develop into a malignant leiomyosarcoma
(LMS)12,13. Hormones may promote the develop-
ment of fibroids. Other factors include, but are
not limited to: menopause, diet, and hormone re-
placement therapy 14. Estrogen and progesterone are
crucial to the formation and growth of fibroid tis-
sues15. Gonadotropin-releasing hormone analogues
(GnRHa) comprise some of the chemotherapeutic
drugs currently used in fibroid treatment. However,
the short half-life of these drugs is a major limitation
to treatment and prolonged usage can also lead to ad-
verse effects, such as depression, reduced breast size,
and vaginal dryness16,17.
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Anastrozole and Letrozole are also used in the treat-
ment of uterine fibroids. They produce some side
effects, such as vaginal dryness and musculoskeletal
pain18.
Selective estrogen receptor modulators (SERMs),
which are also used in the treatment of uterine fi-
broids, can cause some side effects, such as vasomotor
symptoms and thromboembolic events18. This has
spurred the search for alternative means of manag-
ing tumors using natural remedies, such as medici-
nal plants19. This study is part of this much-needed
search for pharmacognostic solutions, with our focus
being on Diodia sarmentosa (Sw) leaves.
Diodia sarmentosa has gained wide use as a medic-
inal plant. It is an evergreen perennial plant with a
network-like stem structure and alternated leaves, and
it is mostly found in dense forest zones, grassy and
swampy vegetation, roadsides, and in cultivated fields.
Diodia samentosa grows widely in Asia, America,
Africa, and the Mascarene Islands20. Among other
uses, it is used to treat injuries, eczema, oedema21

and dysentery 22,23. Several studies have reported on
the anti-ulcer24, anti-diabetic25, antioxidant20, anti-
inflammatory, and analgesic properties21 of Diodia
sarmentosa.
As of the time of this report, there has been no prior
report on the anti-tumor properties ofDiodia sarmen-
tosa leaves. This study sought to evaluate the anti-
tumor activities of the ethanol extracts of Diodia sar-
mentosa leaves, and was carried out by assessing ef-
fects on the biochemical and histopathological indices
of rat serum and tissues, respectively.
Monosodium Glutamate (MSG) is a sodium salt de-
rived from the amino acid glutamic acid26. It is com-
monly used in food additives27, and has also been re-
ported to cause oxidative stress, protein modification,
DNA damage, and lysis of stromal cells28.

METHODS
Collection of plantmaterials and extraction
Diodia sarmentosa (Sw) leaves were collected from
the Federal University of Technology, Owerri, Nige-
ria (Latitude 5o 23.5617’N, Longitude 6o 59.1758’E).
The leaves were identified by a botanist in the Depart-
ment of Crop Science, Federal University of Technol-
ogy, Owerri. The leaves were washed with distilled
water, air-dried, and then dried in a laboratory oven
(DIGITAL TT 9083, Techmel & Techmel USA) at a
regulated temperature of 40◦C.The dried plant mate-
rial was grinded, then 800 g each of the powder was
weighed and soaked separately in 4 L of ethanol for 48
h on an orbital shaker. The extracts were filtered using

a Buckner funnel andWhatman No.1 filter paper and
concentrated to dryness at 40oC using a rotary evap-
orator.

Chemicals
Synthetic monosodium glutamate (Ajinomoto Co.,
Inc., Tokyo, Japan) was used for this study. All other
chemicals were of analytical grade.

Experimental design
Twenty-one nine-week-old, adult female wistar al-
bino rats were acclimatized for ten days in an ani-
mal house before being classified into three groups
of seven animals each. The animals were bred in
the animal house of the Department of Biochemistry,
Michael Okpara University of Agriculture, Umudike
under standard conditions (25–27 0C, 12 h natural
light-dark cycle) and fed with commercially available
rat pellets and water ad libitum. The three experimen-
tal groups are as follows:
Group A (normal control (NC)): without any induc-
tion, provided with water and normal rat chew.
Group B (positive control (PC)): uterine leiomyoma
induced in rats using a single daily dose of 200 mg/kg
MSG, without treatment.
Group C (treatment group (TG)): uterine leiomyoma
induced in rats using a single daily dose of 200 mg/kg
MSG, then treated with ethanol extracts ofDiodia sar-
mentosa (Sw) leaves.

Tumor induction
Uterine fibroids were induced with a single daily dose
of 200 mg monosodium glutamate (MSG)/kg over 30
days using an oral gavage tube, with slight modifi-
cations to the protocol described by Olowofolahan
et al.29. At the end of the induction period, repre-
sentative samples of the uterus were harvested from
the three experimental groups and processed using
histological techniques and routine Hematoxylin and
Eosin (H&E) staining to confirm successful induction
of tumors before the commencement of treatment.
Presence of densely packed, spindle-shaped fibrous
tissue and multifocal tumor cells in the endometrium
of the uterus confirmed successful induction of uter-
ine fibroid.

Acute toxicity test of plant extract and ad-
ministration
The LD50 of the plant extract was determined using
Lorke’s method30. Nine rats (100 – 110 g) were di-
vided into three treatment groups treated with (1600,
2900, and 5000) mg/kg of the extract, respectively.
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Observations were made at 24 h and symptoms of
toxicity and mortality were recorded. Two mortali-
ties were recorded in the highest (5000 mg/kg) and
medium (2900mg/kg) dose groups after 24 hours, but
none were recorded in the lowest (1600 mg/kg) dose
group. Based on this, a safe dose of 400 mg/kg of the
plant extract was chosen for treatment.
Animals were treated with 400 mg/kg ethanol ex-
tract of Diodia sarmentosa (Sw) leaves once per day
from week 5 to week 8 after tumor induction. The
dried ethanol extracts of Diodia sarmentosa leaves
were weighed and fresh stock solutions prepared ev-
ery two days by concentrating 8 g of the dried extract
in 50 ml of distilled water.

Blood collection and histopathology analy-
sis
Rats were fasted overnight after the experiment and
then sacrificed. Blood was drawn from the rats’ or-
bital sinus using 0.5 ml syringes. Representative sam-
ples of the uterus were harvested from the three treat-
ment groups and preserved in Bouin’s fluid. The sam-
ples were processed using histological techniques and
stained using routine Hematoxylin and Eosin stain
for histopathological examinations, adhering strictly
to standard protocol.

Biochemical assay
Serum electrolytes (HCO3, Cl−, K+, Na+) were
determined using Sood’s spectrometric method31.
Berthelot’s method was used in measuring serum
urea, while serumcreatininewas determined using al-
kaline picrate method32. Uric acid was determined
with the enzymatic method described by Fôssati et
al.33. Total protein was assayed using a colorimet-
ric method based on the Biuret reaction34. 17β -
oestradiol and progesterone were assayed using the
NoviWellTM assay kit (HySkill Diagnostics, Bahlin-
gen, Germany), which employs the sandwich enzyme
immunoassay (SIA) microtiter method.

Antioxidant assay
Catalase was determined using the modified method
by Hadwan35. Serum glutathione peroxidase was
determined using Paglia and Valentine’s method36

. Lipid peroxidation was estimated using Wallin et
al.’s method37. Arthur and Boyne’s method was used
to determine superoxide dismutase activity 38. To-
tal antioxidant capacity was evaluated using Prieto
et al.’s method39, with slight modifications. Vita-
min E content was estimated using Pearson and Cox’s
method40. Glutathione reduction was performed us-
ing Moron et al.’s method41. Ascorbic acid (vitamin

C) was assayed using the micro techniques of clinical
chemistry developed by Samuel Natelson in 196142.

Statistical analysis
Data obtained from the experiment was analyzed us-
ing Statistical Package for Social Sciences (SPSS) soft-
ware, version 23. The data was expressed as mean ±
standard deviation. Statistical significance was deter-
mined using a one-way analysis of variance (ANOVA)
followed by least significant difference (LSD) test. Sta-
tistical significance was defined as P < 0.05.

RESULTS
Biochemical parameters
Serum levels of urea, creatinine, chloride, sodium,
and uric acid were significantly (P < 0.05) elevated
in the positive control (PC) compared to the nor-
mal control (NC) (Figure 1). This suggests a pos-
sible relationship between uterine fibroids and renal
impairment. Significant (P < 0.05) reductions in the
serum levels of urea and creatinine were observed in
the treated group (TG). No significant (P < 0.05) re-
duction was recorded in the serum levels of chloride,
sodium, and uric acid in the treated group compared
with the positive control. No significant (P < 0.05)
difference was observed in the serum levels of bicar-
bonate (HCO3) or total protein of the positive con-
trol or treated group when compared with the normal
control (Figure 1 ). This could possibly indicate non-
involvement of these two parameters in the develop-
ment of uterine fibroids. Significant (P < 0.05) ele-
vated levels of serum estradiol and progesterone were
observed in the positive control compared with the
normal control. Estradiol and progesterone are key
players in the formation of fibrotic tissues, and signif-
icant (P < 0.05) reductions in the serum levels of estra-
diol and progesterone were observed in the treated
group compared with the positive control.

Oxidative stress and antioxidant parame-
ters
Serum levels of malondialdehyde were significantly
(P < 0.05) elevated in the positive control (PC) com-
pared with the normal control (NC) (Figure 2). El-
evated levels of malondialdehyde in the serum indi-
cate the presence of oxidative stress. Significant (P <
0.05) reductions in the serum levels of malondialde-
hyde were observed in the treated group (TG) com-
pared to the positive control. Significant (P < 0.05)
reductions were also observed in the serum levels of
most of the assayed antioxidants (superoxide dismu-
tase, glutathione peroxidase, vitamin E, catalase, re-
duced glutathione, vitamin C, and total antioxidant
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Figure 1: Biochemical Parameters of the Uterine Leiomyoma animal study group. Values expressed as Mean
± SD (n = 4). K: potassium, Cl: chloride, HCO3 : bicarbonate, Na: sodium, UA: uric acid, TP: total protein

Figure 2: Oxidative Stress and Antioxidant Parameters of Uterine Leiomyoma animal study group. Values
expressed as Mean ± SD (n = 4). MDA: malondiadehyde; GPx: glutathione peroxidase; Vit. E: vitamin E; GSH:
reduced glutathione; Vit. C: vitamin C; SOD: superoxide dismutase; TAC: total antioxidant capacity; CAT: catalase
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Figure 3: Photomicrographof aportionof theuterus of theNormal Control (NC) showingnormal histologic
architecture H&E X400. En: endometrium; Ep: epithelium; L: lumen; Gl: glands; Bv: blood vessels

capacity) in the positive control compared with the
normal control (Figure 2). However, there was no
significant (P < 0.05) difference in the serum levels of
vitamin E and vitamin C in the treated group com-
pared with the positive control. Significant (P < 0.05)
increases were observed in the serum levels of super-
oxide dismutase, glutathione peroxidase, catalase, re-
duced glutathione, and total antioxidant capacity in
the treated group compared with the normal control.
Antioxidants play a key role in mitigating oxidative
stress levels in tissues.

Histopathology
The photomicrograph of a portion of the uterus of the
normal control (NC) showed a normal histologic ar-
chitecture of the uterus, revealing an absence of any
form of induction (Figure 3). The endometrium (En)
and the epithelium (Ep) of the endometrial mucosa
could be seen to be attached to a relatively straight
basement membrane, with its mucosal surface facing
the uterine lumen (L) and thrown into the longitu-
dinal folds. The extensive lamina propia bears the

glands (Gl) (Figure 3), and the blood vessels (BV)
are also indicated. A photomicrograph of a portion
of the uterus of the positive control (PC) revealed
densely packed, spindle-shaped fibrous tissue (F) and
multifocal tumor cells (arrow) in the endometrium
(Figure 4). This is the group that was induced with
uterine leiomyoma using monosodium glutamate but
not given treatment. Reduced fibrous tissues and
smooth muscle cells, which led to a reduced endome-
trial and myometrial wall thickness, could be seen
in the photomicrograph of the uterus of the treated
group (TG) (Figure 5).

DISCUSSION
The significant (P < 0.05) increase in uric acid, creati-
nine, chloride, sodium, and urea levels and the subse-
quent significant (P < 0.05) decrease in serum potas-
sium levels in the positive control (PC) compared
with normal control (NC) (Figure 1) suggest a pos-
sible impairment of the kidney. This may be a result
of an obstruction of the pelvic ureters by fibroid tis-
sues. This concurs with earlier reports, which have
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Figure 4: Photomicrograph of a portion of the uterus of the Positive Control (PC). H&E, X400.
F: fibrous tissue; Gl: glands; My: myometrium

revealed a correlation between uterine fibroids and
renal impairment43. It has also been reported that
serum uric acid levels can be elevated by reduced ex-
cretion via the kidneys44. No significant (P < 0.05)
increase was recorded in serum levels of bicarbonate
or total protein in the positive control compared with
the normal control (Figure 1), suggesting that there
is no relationship between serum total protein levels
and fibroid growth. This disagrees with the findings of
Obochi et al.45, who reported a correlation between
high serum protein levels and fibroid growth. Treat-
ment with ethanol extract of Diodia sarmentosa (Sw)
leaves significantly (P < 0.05) decreased the serum lev-
els of urea and creatinine. However, no significant
difference was recorded in serum levels of bicarbon-
ate, sodium, uric acid, or total protein in the treated
group (TG) compared with the positive control (PC)
(Figure 1).
There was a significant (P < 0.05) increase in serum
estradiol level of the positive control (PC) compared
with the normal control (NC) (Figure 1). The ef-
fects of MSG on estrogen levels can be a result of an
increase in aromatase activity, which leads to an in-

crease in estradiol synthesis46. There was also a sig-
nificant (P < 0.05) increase in progesterone levels in
PC compared to NC (Figure 1). This may be due to
an increase in luteinizing hormone as a result of MSG
treatment29. These results concur with the findings of
Zia et al.46 and Olowofolahan et al.29, who reported
increased progesterone levels in the plasma of MSG-
treated animals. Treatment with the ethanol extract
ofDiodia sarmentosa (Sw) leaves reduced the elevated
estrogen and progesterone levels in our study.
The significant (P < 0.05) increase in malondi-
aldehyde (MDA) levels in PC compared with NC
(Figure 2) reveals oxidative stress induced by MSG.
Increased levels of MDA also indicate an upsurge in
lipid peroxidation, which may lead to significant al-
terations in cell membrane function and DNA com-
position, leading to mutation. Therefore, increase in
lipid peroxidation is a key factor in the progression of
uterine fibroid47. Oxidative stress has also been re-
ported as a major factor in the formation of uterine fi-
broid48,49, indicating that these findings concur with
previous investigations50,51.
The significant (P < 0.05) decrease in serum levels of
antioxidants in PC compared to NC (Figure 2) can
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Figure 5: Photomicrograph of a portion of the uterus of the Treated Group (TG). H&E, X400.

be explained as follow: in trying to counter oxida-
tive stress induced by MSG, the system used up most
of its enzymatic and non-enzymatic antioxidants re-
sulting in a decrease in serum levels of these antioxi-
dants. These results are also in agreement with earlier
reports44,52. Additionally, uterine fibroids have been
reported to be characterized by an impaired antioxi-
dant cellular system44. The ethanol extract of Diodia
sarmentosa leaves mitigated the oxidative stress in-
duced in the rats, as seen in the significant (P < 0.05)
decrease in serummalondialdehyde levels inTGcom-
pared to PC (Figure 2). There was also an improve-
ment in antioxidant levels, as evidenced by signifi-
cant (P < 0.05) increases in superoxide dismutase, glu-
tathione, catalase, reduced glutathione, and total an-
tioxidant capacity. However, no significant (P < 0.05)
increase was recorded in vitamin E and vitamin C lev-
els in TG compared to PC (Figure 2).
Densely packed, spindle-shaped fibrous tissue and
multifocal tumor cells in the endometrium as ob-
served in PC confirms a successful induction of uter-
ine fibroids (Figure 4). The fibrous tissue and mul-
tifocal tumor cells seen in the positive control were
significantly reduced in number in TG, resulting

in reduced endometrial and myometrial wall thick-
ness (Figure 5). This suggests diffused atrophy of
the uterus, which occurs secondarily to radiotherapy
and/or chemotherapy.

CONCLUSIONS
This study revealed that oxidative stress, an impaired
antioxidant system, and elevated serum estrogen and
progesterone levels are key players in the development
of uterine fibroids. A relationship between uterine
fibroids and renal impairment was also observed, as
seen in the significant alterations in the serum elec-
trolytes and uric acid. The ethanol extracts of Diodia
sarmentosa leaves had a significant effect on the al-
tered biochemical and antioxidant parameters caused
by successful induction of uterine fibroid in rats.

ABBREVIATIONS
GnRHa: Gonadotropin-releasing hormone ana-
logues, LMS: Leiomyosarcoma, MSG: Monosodium
glutamate, SERMs: Selective estrogen receptor mod-
ulators
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