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For decades, traditional plant medicines have been utilized to treat diabetes.
In traditional medicine, Origanum majorana L., known as sweet marjoram,
is used to cure a variety of illnesses. It belongs to the Lamiaceae family. The
purpose of the current study was to evaluate the ameliorative and
antihyperglycemic effects of O. majorana leaves extract (OMLE) on the
splenic tissue of diabetic rats. The following four groups (n=10) of adult
male albino rats were divided as; group (Gpl) was used as the negative
control. For four weeks, Gp2 had been administered OMLE (20 mg/kg b.wt)
orally every day. Streptozotocin (STZ) (40 mg/kg b.wt) was injected
intraperitoneally (i.p.), once, into Gp3 and Gp4. OMLE (20 mg/kg b.wt) was
subsequently given orally to Gp4 only daily for four weeks. Blood glucose
and insulin levels, superoxide dismutase (SOD) and catalase (CAT)
activities, reduced glutathione (GSH) and malondialdehyde (MDA) levels,
and white blood cell count (WBCs) were measured. Spleen tissues were
investigated histologically. Diabetic rats had a noteworthy increase in blood
glucose and MDA levels, accompanied by a noteworthy fall in plasma
insulin levels, SOD, and CAT activities, white blood cell count and GSH
level (p < 0.01). The findings showed that the spleen tissue of diabetic rats
had many histological alterations. The biochemical indicators and
histological structure significantly improved when diabetic rats were treated
with OMLE. In conclusion, OMLE may have a protective effect and reduce
diabetic complications in the spleen tissues of diabetic rats.
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1. Introduction

Mobasher et al., 2021). According to estimates,

A range of metabolic disorders with several
etiologies include diabetes mellitus (DM)
according to Catalano et al. (2023), it is
characterized by chronic hyperglycemia and
disruption of the metabolism of proteins, fats,
and carbohydrates because of a deficiency in
insulin secretion or activity. Diabetes has a
wide range of effects on the body and is
linked to major side effects including renal
failure, heart disease, stroke, blindness, and
amputation of the lower limbs (IDF, 2016;
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there are currently 40 million diabetic people;
by 2025, that figure could rise to 74 million
(Dogan et al.,, 2015). Medicinal plants
showed potential antidiabetic activity (EI-
Said et al., 2019). Sweet majorana, Origanum
majorana L., is an aromatic plant that is
highly valuable in the industrial, medicinal,
and economic domains. It is a member of the
Lamiaceae family (Bina et al., 2017). This
plant has been shown to have a wide range of
pharmacological  including  antitumor,
antibacterial, and antifungal, antioxidant,
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hepatoprotective, cardioprotective,
gastroprotective, and anticholinesterase
inhibitory properties (Lemhadri et al., 2004;
Ocana-Fuentes et al., 2010; Sharma et al.,
2011). Bioactive components like terpinen-4-
ol, cis-sabinene hydrate, p-cymene, sabinene,
trans-sabinene hydrate, and terpineol have
been found to be present in O. majorana
essential oil. Carvacrol and thymol were O.
majorana’'s two most notable chemical
constituents (Freire et al., 2011). It contains
phenolic terpenoids, flavonoids, tannins, and
phenolic glycosides (Al-Howiring et
al., 2009). O. majorana leaves and floral
parts have been shown to contain a variety of
chemicals, including phenolic derivatives,
vitamin A, K, C, magnesium, and
manganese, which can be extracted in both
aqueous and methanol form (Baatour et al.,
2011). This study set out to determine the
antihyperglycemic action of O. majorana
leaves extract (OMLE) as well as its
ameliorative effect on the diabetic rats'
splenic tissues.

2. Materials and Methods

Chemicals

Streptozotocin (STZ) was purchased from
Sigma-Aldrich Chemical, located in Steinheim,
Germany. The rat insulin ELISA kit was bought
from Millipore USA (EZRMI-13K. Glucose,
reduced glutathione (GSH), catalase (CAT),
superoxide dismutase (SOD), and
malondialdehyde (MDA), kits purchased from
Biodiagnostic, Egypt.

Preparation of O. majorana leaves aqueous
extract

The Benavides et al. (2010) procedure was
followed in the preparation of the O. majorana
leaves extract (OMLE). O. majorana leaves
were purchased from the Saudi Arabian market
after being certified and recognized by a
professional botanist. To produce OMLE, three
hundred grams of O. majorana leaves were
chopped in water, boiled in 1.5 liters of distilled
water for 15 minutes at 60 °C, and then filtered
and kept at -20 °C (Mohamed and Nassier,
2013).

Experimental animals

Biol. Biomed. J. (2023), Vol. 2, Issue (1): Pages 36-42

Forty mature male wistar albino rats, weighing
120 + 7 g, were acquired from the Alexandria
University's Faculty of Medicine in Alexandria,
Egypt. All rats were kept under the same
environmental conditions for one week before
the study. They were fed on a normal rat pellet
diet and given access to water in a temperature-
controlled environment with a 12-hour
light/dark cycle. The National Institutes of
Health's (NIH) Public Health Guide for the care
and use of laboratory animals gave its approval
for all animal experiments.

Induction of type 2 diabetes

Animals were assigned to a high fat diet (HFD).
After 10 days of the HFD, overnight-fasted (12
h) rats were injected with a single injection of
freshly  prepared STZ (40  mg/kg,
intraperitoneally (i.p), in 0-1 M-citrate—
phosphate buffer, pH 4-5). The development of
hyperglycemia in rats was confirmed by
estimation of fasting serum glucose 72 h after
STZ injection. Rats with fasting serum glucose
level above 13-89 mmol/l were considered
diabetic according to Sharma et al. (2011).

Experimental design

Four groups of rats (n= 10) were divided as
follows: Gpl had only taken distilled water
served as negative control. Gp2 received daily
OMLE (20 mg/kg b.wt) orally for four weeks.
Following an i.p injection of STZ (40 mg/kg
b.wt) by Gp3 and Gp4, Gp4 only had given
OMLE (20 mg/kg b.wt) orally daily for four
weeks.

Blood collection and biochemical analysis

Under little anesthesia (isoflurane), the rats
were slaughtered. Blood samples were
collected from all groups by cardiac puncture
into either with or without ethylene-diamine
terta acetic acid anticoagulant. Blood was
drawn, left two hours at room temperature to
clot, centrifugation was performed for ten
minutes. Samples of sera were kept at -20 °C for
biochemical analysis. Tietz (1995) method was
followed in determining serum glucose levels.
The quantification of insulin in rat serum was
done non-radioactively using a Millipore USA
rat insulin ELISA kit (Weyer et al., 2000). SOD
activity was measured according to Nishikimi
et al. (1972). MDA level was evaluated using
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Ohkawa et al. (1979) method. GSH level was
determined using Beutler et al. (1963) method.
CAT activity was assessed according to Aebi
(1984). Coles (1980) method was followed in
determining the total white blood cell (WBC)
count.

Preparation of spleen for
investigation

histological

For the histology studies, portions of the spleen
tissues were separated right away, cleaned in
cold saline solution, and then preserved in 10%
neutral buffered formalin (Lulat et al., 2016). 4-
5 um sections of the collected sections were
stained with hematoxylin and eosin for
histopathological examination under a light
microscope (Optica light microscope, B-350)
(Bancroft and Gamble, 2008).

Statistical analysis

The reported values are given as mean = SD. A
one-way analysis of variance test (ANOVA)
was used to examine the statistical significance
of the difference between the groups.
According to Kotz et al. (2006), results were
deemed substantially different when the p value
was less than 0.01.

3. Results

Treatment of diabetic rats with OMLE
ameliorated glucose, insulin levels and
WBCs count

Rats in the diabetic group (a group administered
STZ) had significantly higher blood glucose
levels than the control group (p < 0.001) (Table
1). When compared to the diabetic group, the
diabetic rats treated with OMLE had significant
reduction in blood glucose levels (p < 0.001).
When the diabetic rats were treated with
OMLE, their insulin levels dramatically
improved (p < 0.001), although they still
showed a significant drop in the diabetic group
compared to the control group. Table 1
indicates that the diabetic group's total WBC
count significantly decreased, whereas the
diabetic rats treated with OMLE showed a
substantial increase in total WBC count
compared to the control group (p < 0.001).
Effect of treatment with OMLE on the
antioxidants/oxidant’s biomarkers in
diabetic rats

The results showed that SOD, CAT activities,
and GSH level in diabetic rats were
significantly lower than in control rats. When
diabetic rats were treated with OMLE, there
was a significant increase in the activity of
antioxidant enzymes (p < 0.001) (Figs. 1 and 2).
On the other hand, compared to the control
group, the diabetic group's MDA level was
shown to be significantly higher. The treatment
of the diabetic group with OMLE similarly
considerably decreased the MDA levels (p <
0.001) (Fig. 1B).

Table 1. Effect of OMLE on the glucose, insulin level and the total WBCs count in different groups

Groups Glucose (mg/dl) Insulin (rlU/ml) WBCs count (x 102 mm?)
Ctrl. 110 £7.9 13.5+0.49 529 +£0.45

Ctrl. /OMLE 116 £ 4.7 13.3+£0.32 5.38+0.54
Diabetic 267"+ 5.9 5.08%"" + 0.55 1.94%%**+ 0,51
Diabetic/OMLE 116"+ 6.8 12.47"+0.38 466" +0.58
Change % -56.39 145.47 140.21

The values represented means + S.D; Ctrl: Control; OMLE: O. majorana leaves extract. a: Statistically significant with
Ctrl.; b: Statistically significant with diabetic; ***: Statistically significant at p < 0.001.
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Fig. 2. Effect of O. majorana leaves extract on SOD activity (A) and MDA level (B), CAT activity(C) and
GSH level (D). OMLE: Origanum majorana leaves extract; a: Statistically significant with Ctrl.; b:
Statistically significant with diabetic; ***: Statistically significant at p < 0.001.

Histological observation of spleen sections

The control rats (Gpl) had normal red and
white pulp in their spleen tissues, according to
histological analysis. The germinal core was
clearly distinguished, and the marginal zone
was evident (Fig. 3 A and B). The spleen
tissues of rats given OMLE (Gp2) analysis
revealed typical red and white pulp, a clear
marginal zone, and a well-differentiated
germinal center (Fig. 3 C and D). Vacuolated
red and white pulp was visible in the spleen
tissues of diabetic rats (Gp3), and clustered
nuclei were seen in the marginal zone. The
germinal  center  showed  deteriorated
cytoplasm, and the central artery also showed
degeneration (Fig. 4 A). Rats with diabetes had
vacuolization in the marginal zone of their
spleen, and their red pulp had clustered nuclei.
In the venous sinus, degenerated nuclei are
seen, and white pulp also shows vacuolated
gaps (Fig. 4 B). The spleen tissues of diabetic
rats administered OMLE (Gp4) exhibited more
restoration in the cytoplasmic material of the
red pulp with few vacuolated areas, marginal
zone. The spleen tissues of diabetic rats
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administered OMLE (Gp4) exhibited more
restoration in the cytoplasmic material of the
red pulp with few vacuolated areas, the
marginal zone, the nuclei, and the structure of
the white pulp. There were noticeable
trabecular veins (Fig. 4 C and D).

° 1
<

Fig.2. Photomicrograph of spleen section of
different rats' groups. Normal group showing
normal red pulp (RP), normal white pulp (WP) and
normal central artery (CA) (A and B), normal rats
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treated with OMLE showing normal red pulp and
white pulp (C and D). (H&E stain) (X 200,400).
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Fig. 3. Photomicrographs of spleen sections of
diabetic rats' groups. Diabetic group showing
vacuolated red pulp (RP) and white pulp (WP),
vacuolization in marginal zone and white pulp,
accumulation of the dense branched fibers (F) and
Dilatation and congestion of the blood vessels (BV)
(A and B). While diabetic rats treated with OMLEQ
show more restoration in structure of white pulp,
marginal zone, nuclei, and cytoplasmic material of
red pulp with few vacuolated spaces. Trabecular
veins are distinct (C and D). (H&E stain) (X
200,400).

4. Discussion

Medicinal plants have been used for centuries in
the treatment of diabetes as potential sources of
hypoglycemic agents (Pandey et al., 2011). The
present study reported that the insulin level was
decreased, and blood glucose level was increased
in diabetic rats. These changes could be due to the
destruction of pancreatic B cells by STZ. STZ
induces diabetes probably through the generation
of free radicals (Gupta et al., 2004). Treatment of
diabetic rats with OMLE decreased the glucose
level and increased insulin levels. These findings
agreed with Kamel. (2014), who reported that
OMLE had hypoglycemic activity. The
mechanism of action of OMLE could be due to
stimulation of insulin secretion from pancreatic
B-cells (Proks et al., 2002). A significant decrease
in the total WBCs count was reported in the
diabetic rats, however, a significant increase in
the total WBCs count was reported in diabetic
rats which had treated with OMLE. These
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findings are in consistent with Lemhadri et al.
(2004), who reported that the OMLE augmented
WBCs changes. Diabetes Mellitus increases
oxidative stress and reduces antioxidant status
(Caturano et al., 2023). An increase in the MDA
level was reported in diabetic rats which could be
due to the increase of oxidative stress (Pitocco et
al., 2010). The treatment of diabetic rats with
OMLE showed a decline in MDA level. This
finding agreed with Abdel-Massih et al. (2010)
who reported that OMLE inhibited lipid
peroxidation by exhibiting a strong scavenging
activity. A significant decrease in the GSH level,
SOD and CAT activities were noticed in diabetic
rats, however, treatment of diabetic rats with
OMLE returned these values were close to
normal. The SOD, CAT activities and GSH level
were shown to be low in diabetic rats, which is in
line with the findings of Guo et al. (2014).
Furthermore, it was reported by Baatour et al.
(2011) that phenolic and flavonoid chemicals
found in OMLE may be the cause of its
antioxidant  action.  According to  the
histopathology results, there were no appreciable
alterations in the splenic tissues' histological
structures between the normal rats given OMLE
and the control group. Rats with diabetes
displayed  several histological  structural
alterations in their splenic tissues. These results
are in line with those of Ebaid et al. (2015), who
discovered that diabetes was associated with
several histological alterations in the splenic
tissues. These results also support the findings of
Park et al. (2013), who found that oxidative stress
and diabetic complications induce cell apoptosis
in vital organs. Treatment of diabetic rats,
however, with OMLE ameliorated these effects
that induced in splenic tissues of diabetic rats.
The protective effect of OMLE could be due to
the presence of antioxidant compounds
(Botsoglou et al., 2002). These results are in
accordance with a previous study by Al Syaad
and Ibrahim (2020), who found that OMLE may
be useful in protecting vital organs. In conclusion,
treatment with OMLE  decreased the
hyperglycemic conditions and ameliorated the
adverse effect of diabetes on the splenic tissues.
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