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Abstract

High intraocular pressure (IOP) is a recognized risk factor for glaucoma and optic nerve injury, and it is
one of the primary causes of vision loss globally. Anabasis articulata (AA) is a desert plant found in Irag. The
extract of AA is used for the treatment of diabetes, fever, eczema, and kidney infections. The study aims to
evaluate the antioxidant effect of methanol extract of AA on intraocular pressure in the glaucoma rat model. Forty-
two rats were allocated into seven groups, each with six animals: group 1 (normal), group 2 (control), in which
animals were induced to have elevated I0P by betamethasone suspension injection, groups 3,4 and 5 for
evaluating the effect of 50,100 and 150 mg/kg/day of the tested extract, respectively, and the remaining two groups
(group 6 and 7) for evaluating oral acetazolamide and topical timolol 0.5% respectively. Betamethasone was used
for the induction. Measure the IOP every 2 days for 2 weeks. The daily dose of AA extract (50 mg/kg/day) for 6
days significantly reduces intraocular pressure (p < 0.05), from (34.23+ 0.58) to (32.83+ 1.38) mmHg when
compared with the control group. In group 4, IOP decreased significantly from (35.5+1.37) to (31.35+0.40) mmHg
(p < 0.05) after 1 week of treatment. In group 5, the significant (p< 0.001) IOP reduction from (35.66+0.39) to
(31.88+0.74) mmHg started on day 6 and continued until the end of the experiment, reaching (24.53+0.53) mmHg
(p< 0.001). The antioxidant and anti-angiogenic properties of AA make it a promising adjuvant treatment for
glaucoma.
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Introduction

High intraocular pressure (IOP) is a
recognized risk factor for glaucoma and optic nerve
injury, @, and it is one of the most common causes
of blindness in the world @. Glaucoma affected
approximately 64.3 million people worldwide in
2013, putting them at risk of blindness. This number
is expected to rise to 76.0 million in 2020 and 111.8

million in 2040 ®, The buildup of aqueous humor
(AH) in the anterior chamber, which is mostly
caused by the eye's failure to discharge aqueous
fluid effectively, results in a high IOP®.

Blood flowing through the ciliary body's arteries is
the main cause of aqueous humor. In the posterior
chamber, the ciliary body between the iris and lens
secretes aqueous humor , the fluid of this region
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moves from the posterior to the anterior chamber
between the cornea and the iris before being emptied
from the eye at the iridocorneal junction®.
Increased 0P is thought to be a chief risk factor for
the gradual loss of retinal ganglion cells (RGCs).

According to previous research, the longer
the 10P rise, the more severe the optic nerve
consequences ®. Medication, surgery, and laser
therapy are all common glaucoma treatments.
Ocular hypotensive medications either reduce or
improve trabecular meshwork, Schlemm's canal,
and uveoscleral outflow™. On the other hand, most
clinical medications can produce adverse effects,
and natural plant extracts may provide an alternate
medication source®.

Herbal medicines have grown in
importance as a subject of study for health care
around the world @, Anabasis articulata (AA), also
known as Ajrem, Eshnan, or Berry Bearing
Glasswort, is a desert plant found in Iraq, Algeria,
Syria, and Egypt. In folk medicine, AA is used to
treat diabetes, fever, eczema, and kidney
infections®®, Many studies after the phytochemical
screening on  AA discovered the availability of
coumarins, anthraquinones, unsaturated sterols or
triterpenoids,  alkaloids, saponin, phenolics,
flavonoids, iridoids, and tannins as active
components that may have many pharmacological
effects 1, Additionally, recent studies have shown
that the main ingredients identified by Gas
chromatography-mass spectrometry (GC-MS) of
methanol extracts are tannins, saponins, flavonoids,
phenolics, and alkaloid compounds ®?. AA has
recently become the focus of research due to the
diversity of its composition and effectiveness.
However, the scientific literature on the beneficial
effects of AA on glaucoma patients is limited. Thus,
the goal of this study is to evaluate the effect of AA
on intraocular pressure in a glaucoma rat model.
Materials and Methods
Preparation of plant extract

Anabasis articulata  (Forssk.) Mog.
(Amaranthaceae) stems were obtained from a
Baghdad-based herbal apothecary and authenticated
by Assistant Professor Dr. Ibrahim Salih Abbas
(Ph.D. Medicinal plants, pharmacognosy
Department, College of Pharmacy, Al-
Mustansiriyah  University, Iraq). The plant's
specimen (99334) was deposited in the Herbarium
of Al Farahidi University- Faculty of Pharmacy. The
maceration process (cold process) was carried out by
soaking plant stems (powdered) in a container
stopped with 70% v/v ethanol and allowing for 72
hours of frequent turmoil at room temperature in the
bath, after which the crude material was extracted
using a vacuum-concentrated rotary evaporator and
kept in a dry bottle and firmly screened.
Experimental animals
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Forty- two Sprague Dawley rats of both
sexes, aged about 8 months were used in the
experiment. Animals maintain a 12-hour light/dark
cycle and are kept at 25 + 3 Ceo. Rats were free to
access clean water ad libitum and rodent diet. The
institutional animal care and use committee of Al-
Farahidi University, Pharmacy College approved
the research protocol, and the conduction of the
work was performed according to the association of
research in vision and ophthalmology (ARVO).
Group 1: animals were injected 0.2 ml distilled
water Subconjunctivally (SQ) and this group is
considered a normal group. Group 2: animals were
induced to have elevated IOP by 0.2 ml
betamethasone suspension SQ injection. Groups 3,4,
and 5: these groups were used to evaluate the effect
of 50,100, and 150 mg/kg/day of the herb,
respectively. The remaining two groups (groups 6
and 7) were used to evaluate oral acetazolamide (at
a dose of 78 mg/kg/day) and topical timolol 0.5
percent (twice daily), respectively, and these groups
were considered positive. Asteroid suspension of
0.03 ml betamethasone containing a mixture of
(betamethasone  dipropionate 2 mg and
betamethasone sodium phosphate 5mg) / ml was
used for induction of elevated 10P. (Diprofos*,
MSD)®3), Syringe gauge 30 was used (Pic, UK) for
subconjunctival steroids. After injection, one drop
of antibiotic Ofloxacin (Pioneer, Iraq) was used to
prevent future infections of the eye @4, In all animal
groups, the right eye was used to induce chronic
glaucoma models by weekly SQ betamethasone for
4 weeks™®), and the left eye was used to evaluate
whether oral test extracts had any adverse effects on
the eyes. After 7 days of induction, rats with an 1OP
increase of more than 32 mmHg were included in the
test group. AccuPen Handheld Tonometer
(Accutome, USA) is used to measure intraocular
pressure every 2 days. All readings were taken in the
morning (10 am) to exclude diurnal changes in 10P.
Three doses of methanol extract of AA stems (50,
100, and 150 mg/dose/day) were orally administered
by gastric tube gavage for 14 days to study the effect
of the extract in controlling elevated IOP.

Bodyweight was measured every week to
study the adverse effect of steroids and the potential
beneficial effect of AA. A blood sample was
withdrawn before and after treatment with AA to
measure the serum level of Lactate dehydrogenase
(LDH), malondialdehyde (MDA), glutathione
peroxidase (GP), catalase (CAT), and superoxide
dismutase (SOD).In previous studies, the safety of
the extract was studied, and the LD 50 was even
calculated. The doses used have no toxic effects.
Statistical analysis

All data are represented in this study as
meanz standard deviation( SD) ( 6 animals for each
group). Bodyweight changes, serum level of the
biochemical parameters, and 10P were investigated
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using one-way analysis of variance (ANOVA) using significant increase (p < 0.05) in average body
version 23 of IBM SPSS and then multiple weight was observed in group 4 compared to group
comparison tests of type T- Tukey. Statistical 2, as shown in table (1). Group 5 shows a significant
significance is defined as a P-value < 0.05. (p < 0.05) increase in body weight after 14 days of
Results treatment compared to the control group. The weight
Bodyweight effect in a steroid-induced model of of animals in the fourth group after 2 weeks
glaucoma increased significantly (p < 0.05) when compared to

As displayed in a table (1) and figure 1, a the third group. Although the administration of 150
significant decrease in mean body weight (p < 0.05) mg (group 5) resulted in a greater increase in body
was detected in the second group (contr0| group), WE|ght, there was no Significant difference when
but not in the first group 1 (normal group). After 7 compared to group 4 (p < 0.05). Acetazolamide did
days of oral intake of 100 mg of the tested extract, a not affect body weight when compared to the control

group (p=0.88).
Table 1. Effect of Anabasis articulata extracts on the body weight in the betamethasone-induced chronic
glaucoma model.

Groups Bodyweight (gram)
Before induction After 7 days of induction After 14 days of induction
Normal 216.33+2.25 227.83+5.03 252.83+ 4.62
Control 212.83+1.94 196.66+ 2.80 207.33£1.75"
AA treatment 50 mg 213.66+ 3.38 199.83+ 4.79 208.16+ 2.13
AA treatment 100 mg | 217.83 £5.41 210.50+6.74 ™ 218.83+6.64 ™
AA treatment 150 mg | 219.83+ 3.71 206.00+ 7.21 215.00+ 4.47 ™
Acetazolamide 217.16% 4.53 202.66+4.08 208.83+ 3.76

results are denoted as mean: standard deviation (n=6). * p < 0.05 means there is a significant difference compared
with the normal group, ** p < 0.05 means there is a significant difference compared with the control group. AA:
Anabasis articulate
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Figure 1. The effect of induction agent (betamethasone suspension), Anabasis articulata (50, 100, and 150
mg/ kg/ day) and (50 mg/kg/day) for Acetazolamide on body weight (n= 6). * p less than 0.05 denote a
significant difference when compared to the normal group, “p less than 0.05 denote a significant difference
compared to the control group. Data represented as meanz SD. Error bar represents the standard deviation
of the mean.

Effect of Anabasis articulata on 10OP normal group (18.66+0.45). Figure 2 shows the

Subconjunctival injection of steroids in the daily dose of AA extract (50 mg/kg/day) for 6 days
second group of rats increased the intraocular significantly reduces intraocular pressure (p < 0.05),
pressure from (18.75+0.44) to (34.58+0.97) mmHg. from (34.23+ 0.58) to (32.83+ 1.38) mmHg when
Compared with the normal group, these changes are compared with the control group. The maximum
significant (p < 0.05), as shown in figure 2. One drop in intraocular pressure (28.51+0.52 mmHg)
week later, the increase in intraocular pressure in the (p<0.05) was reached on day 14. In group 4, IOP
control group was still significant (p< 0.001) decreased significantly from (35.5+1.37) to
(34.76x0.9 mmHg). In addition, the intraocular (31.35%£0.40) mmHg (p < 0.05) after 1 week of
pressure at the end of the study was still high treatment. On day 14, there was the greatest pressure
(35.01+0.69 mmHg) (p<0.001) compared to the reduction (24.76+0.69), which was significant
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compared with the control group (p< 0.001), as
shown in figure 3. On days 6 and 12, group 4
produces a significant IOP reduction when
compared to group 3 (p < 0.05). In group 5, the
significant (p< 0.001) IOP reduction from
(35.66+0.39) to (31.88+0.74) mmHg started on day
6 and continued until the end of the experiment,
reaching (24.53+0.53) mmHg (p< 0.001), as shown
in figure4. No superiority of 150 mg over 100 mg.
Positive control groups: group 6 (acetazolamide)
and group 7 (timolol) significantly reduced
intraocular pressure (p< 0.001) from (35.31+0.77) to
(30.58+ 0.49); from (36.03+0.49) to (28.11+0.64)
mmHg respectively,as presented in figure 5 and 6.
Figure 7 shows that all doses of AA reduce the IOP
significantly after 2 weeks of treatment. Finally,
acetazolamide and timolol were more effective in
reducing IOP during the study period (p < 0.05)

compared to all doses of the extract.
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Figure 2. Effect of Anabasis articulata stems
extract (50 mg/kg/day) on mean IOP in a chronic
glaucoma model in rats. “p < 0.05 means there is
a significant difference compared with the
control group.
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Figure 3. Effect of Anabasis articulata stems
extract (100 mg/kg/day) on mean IOP in a
chronic glaucoma model in rats. “p < 0.05 means
there is a significant difference compared with
the control group.

Figure 4. Effect of Anabasis articulata stems
extract (150 mg/kg/day) on mean IOP in a
chronic glaucoma model in rats. "p < 0.05 means
there is a significant difference compared with
the control group.
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Figure 5. Comparison between different doses of
Anabasis articulata stems extract and topical
timolol (0.5%) on mean IOP in a chronic
glaucoma model in rats. “p < 0.05 means there is
a significant difference compared with the
control group, ™p < 0.05 means there is a
significant difference compared with groups 3,4,
and 5.
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Figure 6. The comparison effect between
different doses of Anabasis articulata stems
extract and topical timolol (0.5%) on mean I1OP
in a chronic glaucoma model in rats. "p < 0.05
means there is a significant difference compared
with the control group *p < 0.05 means there is a
significant difference compared with groups 3,4,
and 5.
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Figure 7. The comparison effect between different doses of Anabasis articulata stems extract, acetazolamide,
and topical timolol (0.5%) on mean intraocular pressure after 2 weeks of treatment in a chronic model of
glaucoma in rats. “p < 0.05 means there is a significant difference compared with the normal group, “p <
0.05 means there is a significant difference compared with the control group.

Effects of Anabasis articulata extract on serum
levels of some oxidative stress parameters.

Table (2) shows the effect of 3 doses of the
extract on the serum levels of five biological
parameters in steroid-induced glaucoma after 2
weeks of treatment. In group 2 (control) the serum
levels of LDH & MDA increased significantly
(p<0.05), whereas those of GP, CAT, and SOD
decreased significantly (p<0.05) when compared to
the normal group. After 2 weeks of oral
administration of extract in all treatment groups (3,4

and 5), led to a trend of significantly decreased in
the serum levels of LDH and MDA and a significant
increase in the serum level of GP, CAT, and SOD
(p<0.05) compared to control group. Compared with
the third group, the second group showed the
preferred effect in reducing the levels of LDH and
MDA and increasing the levels of GP, CAT, and
SOD (p<0.05). In addition, the antioxidant activity
of the fourth group was more significant than that of
the fifth group (p<0.05), resulting in the effect of the
fourth group being better than that of the fifth group.

Table 2. The effect of Anabasis articulata extract on serum levels of biological parameters in a chronic model
of glaucoma in rats after 2 weeks of treatment.

Groups LDH SOD (U/mg) MDA  (mmol/ | CAT GP

(U/L) mg) (U/ mg) (U/ mg)
Normal 1769.94+ 12.70 116.35+ 1.77 1.17+0.130 65.73+ 0.41 1.15+ 0.022
Control 2319.42+6.94" 71.14+0.84" 1.43+0.031" 25.47+0.15" 0.56+ 0.017"
Treatment 50 mg 1320.26+ 12,532 86.32+0.53 2 1.23+0.037 2 30.77+0.28 @ 0.64+0.036 @
Treatment 100 mg 1486.91+7.15 * 101.48+1.32 % 1.33+0.037 35.49+ 0.33 % 0.95+ 0.017 &
Treatment 150 mg 1416.41+3.66 95.99+ 1.38 1.14+ 0.034 @ 31.44+0.22 % 0.83+ 0.020

Results are denoted as mean= standard deviation (n=6). * p <0.05 denote a significant difference when compared
to the normal group,  p < 0.05 denote a significant difference when compared with the control group, ¢ p<0.05
denote a significant difference when compared with the 50 mg treatment group. ¢ p<0.05 denote a significant
difference when compared with the 100 mg treatment group. LDH: lactic dehydrogenase; SOD: superoxide

dismutase; MDA: malondialdehyde; CAT, catalase; GP, glutathione peroxidase.

Discussion

Glaucoma is the world's second-largest
reason of blindness, in which the optic nerve and
RGCs gradually degenerate 9. High IOP is still the
most well-recognized risk factor for glaucomatous
optic nerve injury, even though other variables may
play arole in glaucoma. 7). The effect of AA extract
on IOP in a rat model of steroid-induced glaucoma
was investigated in this work. Steroid-induced
glaucoma resulted in a noteworthy elevation in 10P
and a drop in mean rat weight, according to the

findings. Steroid-induced 10OP elevation is said to be
dose-dependent and associated with known systemic
adverse consequences such as weight loss (9.
Although weight gain is a common side effect of
glucocorticoids in humans @8 irritation of the
stomach is moreover prevalent, which could lead to
appetite and weight loss in rats'®, However, after 14
days of AA administration, bodyweight loss slightly
recovered when compared to the control group. IOP
increased above 32 mmHg in the steroid groups,
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indicating that the glaucoma model was efficiently
produced. The experiment results displayed that all
doses of AA reduce IOP noticeably after 2 weeks,
with 100 mg/kg/day being the most effective. The
control group had considerably higher LDH and
MDA levels and marked lowering effects on SOD,
GP, and CAT levels, indicating that the glaucoma
rats were under a lot of oxidative stress. After
fourteen days of treatment, 50 mg of AA
administered daily caused an apparent decrease in
LDH and MDA levels and a momentous rise in
SOD, GP, and CAT levels in the experimental
groups. Groups 4 and 5 demonstrated a similar
trend, but with greater antioxidant effects than group
3. The experimental results show that AA extract
increased the glaucoma rats' intrinsic antioxidant
capabilities.

In addition to laser treatment and surgical
procedures, the most frequent treatment method for
glaucoma is lowering IOP with medical therapy. To
reduce IOP, medical therapy employs two
mechanisms: boosting outflow drainage and
inhibiting aqueous humor formation. @9, According
to reports, antioxidant pretreatment markedly
reduces the influence of oxidative stress on the
trabecular meshwork (TM) @9, It has been reported
that AA has a high clearance rate of free radicals of
2',2'-diphenyl-1-picrahydrazyl (DPPH)®@?2), The
high content of tannins, saponins, flavonoids,
phenolics, and alkaloid compounds in AA is
attributed to its antioxidant activity @Y. There is
growing evidence that reactive oxygen species be a
factor in the pathogenesis of primary open-angle
glaucoma. @3, The association between antioxidant
component content, in vivo / in vitro antioxidant
abilities, and 10P-reducing effect suggests that
oxidative stress is important in the progress of IOP
elevation and glaucoma-related lesions @9, TNF- o
is a pro-inflammatory cytokine with anti-
inflammatory and neuroprotective properties.
Furthermore, this cytokine has two different
receptors: TNF-R1 and TNF-R2, and its activity
varies depending on which of these two receptors is
activated. Stimulation of the first receptor results in
the recruitment of immune cells, which causes
inflammation, as well as the activation of enzymes
that cause oxidative stress 1. The second, on the
other hand, support tissue homeostasis and promotes
tissue regeneration, and so plays an active role in
neuroprotection @, This result requires stimulation
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of the NFkB pathway by TNF-R2(24), which
translocates into the nucleus of cortical neurons and
likely protects against excitotoxicity. TNF-, on the
other hand, has been proven in vitro to trigger RGC
cell death by activating caspase-3 and -8 or by
oxidative stress produced by mitochondrial
malfunction. ?®. The increment in ROS production
can also result in the death of the neuronal cell. The
ROS that activates the NFkB pathway in glial cells
induces inflammation, which then stimulates
NADPH oxidase, which produces more ROS,
creating a vicious cycle. As a result of the herbs'
antioxidant activity, this vicious cycle will be
broken. Based on our findings, the antioxidant effect
of AA could be linked to reduce IOP and decrease
RGCs death. Oxidative stress is caused by an
elevation in ROS that exceeds the tissue's
antioxidant capacity, which contributes to the aging
process by generating and accelerating cellular
senescence. The defective mitochondrial function in
glaucoma patients' TM cells makes these cells
abnormally vulnerable to Ca™ stress, resulting in
10P control failure.

In glaucoma patients, several inflammatory
molecules are upregulated. Vascular endothelial
growth factor (VEGF), interleukins, and TNF are a
few examples 3. The optic axon is affected by
VEGF activators such as hypoxia and NO, though
the mechanism is unknown®®. Elevated VEGF
levels in the anterior segment may be the primary
cause of the remodeling process in TM tissues ),
Most of these mediators can induce extracellular
matrix remodeling and change functions of
cytoskeletal in the TM during glaucoma®,
Specifically, IL6, which increases in response to
oxidative stress, IL8 can modify the permeability of
Schlemm’s canal endothelial cells and has also been
connected to the induction of senescence and the
modification of barrier functions of the TM
endothelium in pig eyes @®, Previous research has
shown that AA has an important anti-angiogenesis
effect by inhibiting VEGF, and this action will
increase the extract's efficacy in lowering IOP and
preventing the progression of glaucoma disease®229-
Furthermore, male and female rats given AA for
acute and chronic toxicity in previous studies
revealed no observable adverse effects at doses
greater than 5000 mg/kg, indicating that AA is safe
for use as a therapeutic supplement ¢2,
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Figure 8. Supposed mechanism of action of oral administration of Anabasis articulata for treatment of
glaucoma. Oxidative stress can cause alteration in the conventional outflow pathway, leading to IOP
elevation and induce apoptosis that leads to RGC death (30). TNF-a: tumor necrosis factor- a; NF-kB:

nuclear factor-kappa; MMP: mitochondrial membrane
vascular endothelial growth factor.

Conclusion 3.

The antioxidant and anti-angiogenic
properties of AA make it a promising adjuvant
treatment for glaucoma patients. More studies with
larger sample sizes are needed to evaluate the

longer-lasting effects of AA treatment. 4.
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