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ARTICLE INFO ABSTRACT
Handling Editor: Dr. Lawrence Lash Crinum jagus (C. jagus; J. Thomps.) Dandy (Liliaceae) is a pantropical plant known for its medicinal values and
pharmacological properties. The study assessed the protective effects and changes in oxidative stress indices due
Keyworc-Ls: ) to C. jagus leaf extracts on the toluene-induced liver and kidney injuries in rats. The study was conducted on 8-
:ntf'hf’:id peroxidation week-old male Wistar rats (n = 80), weighing 243.3 + 1.42 g. Group I, 1 ml/kg distilled water for 7 days; Group
ntioxidants

11, 4.5 ml/kg toluene once, 1 ml/kg distilled water for 7 days; Group III, 4.5 ml/kg toluene once, 500 mg/kg
Glutathione superoxide dismutase methanolic extract fo.r 7 days; Group IV, 4.5 ml/kg toluene once, 500 mg/kg aqueous extract for 7 days; Group V,
Histoprotective 500 mg/kg methanolic extract for 7 days; Group VI, 500 mg/kg aqueous extract for 7 days; Group VII, 500 mg/kg
Malondialdehyde of vitamin C for 7 days; Group, VIII, 4.5 ml/kg toluene once, 500 mg/kg vitamin C for 7 days, all administrations
Toluene toxicity were given by oral gavage. The phytochemical contents, absolute and relative organ weights of liver and kidneys,
liver and kidney function tests, antioxidant status, as well as histological tests were analyzed using standard
protocols. The tannins, flavonoids, and polyphenols were in highest concentration in both extracts, content in
methanol extract (57.04 + 1.51 mgg ™!, 35.43 + 1.03 mgg ', 28.2 + 0.34 mgg ! respectively) > aqueous extract
(18.74 + 1.01 mgg ™}, 13.43 + 0.47 mgg ™}, 19.65 + 0.21 mgg " respectively). In the negative control group (II),
bodyweights significantly (P < 0.05) reduced by 22%, liver weight and kidney weight significantly (P < 0.05)
increased by 42% and 83% respectively, liver-to-bodyweight and kidney-to-bodyweight ratios increased
significantly (P < 0.05); serum liver function tests (LFTs) i.e., bilirubin, alkaline phosphatase (ALP), Alanine
aminotransferase (ALT), Aspartate aminotransferase (AST), Gamma-glutamyl transferase (GGT), and serum
kidney function tests (creatinine and urea) were significantly (P < 0.05) elevated; oxidant status (tissue
malondialdehyde; MDA) was significantly (P < 0.05) elevated, antioxidant status i.e., tissue superoxide dis-
mutase (SOD), catalase (CAT), and glutathione (GSH) levels was significantly (P < 0.05) reduced; with markedly
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Abbreviations: ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST, Aspartate Aminotransferase; GGT, Gamma-glutamyl transferase; GSH, Gluta-
thione; GR, glutathione reductase; LFTs, Liver function tests; MDA, malondialdehyde; SOD, Superoxide dismutase; TOL, Toluene; VC, Vitamin C.
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visible renal and hepatic histopathological findings, compared to the normal control group. In C. jagus extract
test groups (III and IV), the parameters were significantly (P < 0.05) alleviated and reversed to normal/near
normal compared to the negative control. The LFTs, kidney function tests, and antioxidant status were signifi-
cantly (P < 0.05) more improved with the methanol extract test and standard control groups compared to the
aqueous extract test group; Also, the methanol extract test group showed better histological features than the
aqueous extract test and standard control groups. The methanolic extract shows better antioxidant potential due
to the availability of more nonenzymatic antioxidants (tannins, flavonoids, and polyphenols). The findings
showed that toluene is a very aggressive xenobiotic due to the promotion of oxidative stress and peroxidation of
cellular lipids, but C. jagus leaves provide significant protection through the reducing power of nonenzymatic
antioxidants and their ability to induce endogenous antioxidant enzymes (SOD, CAT, and glutathione reductase
or GR) causing reduced cellular lipid peroxidation and tissue damages, quickened tissue repair, and improved
cell biology of liver and kidneys during toluene toxicity. The methanol leaf extract provides better protection and
should be advanced for more experimental and clinical studies to confirm its efficacy in alleviating oxidative

stress tissue injuries, specifically due to toluene.

1. Introduction

Toluene is a gravely toxic and fatal compound to mammals [70,96],
with the liver and kidneys being extremely sensitive to the toxic effects
of xenobiotics e.g. toluene and drugs due to the presence of high
detoxifying, degrading, and bioactivation enzymes and the ability of the
organs to metabolize the compounds [25,3,45,52,62,73], mostly due to
the presence of cytochrome P450 enzymes (CYP450) in the liver [8,95]
and renal cortex [50,95], which is responsible for the metabolism of the
xenobiotics in the organs [50,8,95].

The oxidative stress induced by xenobiotics such as toluene may be
one of the mechanisms responsible for numerous liver and kidney dis-
eases [25,31,45,73]. The oxidative hepatic and renal tissue damages
induce protein markers of oxidative stress such as elevated levels of
malondialdehyde (MDA), protein carbonyls, metallothionein, and
diminished levels of superoxide dismutase (SOD), glutathione reductase
(GR), and catalase (CAT) in the liver and kidney tissues; and signifi-
cantly lowers antioxidant status and levels of uric acid in the blood [25,
3,45,52,73], which lead to impairment of biochemical functions [2,8]
and histopathological changes such as fibrosis, apoptosis, degradation,
etc. in mammalian liver and kidneys [14,49], thus causing the burdens
of drug or xenobiotic-induced kidney and liver diseases [15,31,59].
Renal and hepatic damage and dysfunction after exposure to xenobiotics
induce in-vitro and in-vivo epigenetic transformations in mammalian
tissues, predisposing to the development of acute and chronic health
effects e.g. liver and kidney diseases, and in addition to their cytotoxic
effects, xenobiotics have proven human carcinogenic potential [31]. For
example, exposure to toluene-related compounds has been related to
cancers of the prostate, lungs, and thyroid [31,44,72,79], renal and
hepatic cancers [1,75,76], and death [70,96].

Stimulation of endogenous mammalian antioxidant systems (super-
oxide dismutase; SOD, catalase; CAT, and glutathione; GSH) has been
proven to be useful in scavenging, binding with, and neutralizing the
free oxygen radicals produced during oxidative stress conditions thereby
controlling oxidative stress-induced toxicity [86,88]. Recently, studies
regarding the capability of Crinum jagus to remove toxic agents from
animal tissues by the antioxidant mechanism have been conducted [32,
57,65,85,90].

Crinum jagus (J. Thomps.) Dandy (Liliaceae) is a pantropical plant in
Africa, Asia, and America [51,89], it belonged to Amaryllidaceae but
recently scientists have classified it under the family Liliaceae [4]. The
phytochemical components of the plant include alkaloids, essential oils,
tannins, reducing sugars, terpenes, steroids, and phenolics [9,32,34,65]
with many pharmacological properties: inhibition of acetylcholines-
terase, anti-mitotic, anti-asthmatic, antihemorrhagic, antibacterial,
anti-tumor, antiviral, anti-parasitic, anti-diabetic, anti-obesity, antidi-
arrheal, anti-toxicant, immune-stimulators, and anticonvulsant [18,32,
38,63-65,82,9].

The numerous pharmacological properties of Liliaceae spp. including
C. jagus is attributable to their strong antioxidant capacity i.e., the plants
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induce antioxidant protective and repair mechanisms during oxidative
stress injuries [58,65,74,85,86,88,89,9]. Extracts from C. jagus species
including Crinum L. (Amaryllidaceae J.St. Hil.) and C. jagus (J. Thomps.)
Dandy (Liliaceae) have been shown to have both in vitro [32,57,65,90]
and in vivo [85,90] antioxidant activities in mammalian/rodent tissues
[32,57,65,85,90]. The antioxidant attributes of the plant have been
exploited in testing the role of the plant in providing alleviative effects
on oxidative-related injuries in several rodent tissues [23,64,65,85,90].
Therefore, the plant being tested is vital as it might be used to provide
medicinal effects on liver and kidney toxicity arising from several cau-
ses, and to reduce the burdens of liver and kidney diseases.

Stimulation of antioxidant systems by antioxidants of C. jagus is one
of the mechanisms by which the plant provides its protective activities in
tissues subjected to oxidative stress-induced damages, here the extracts
of the herb provide strong antioxidant and anti-lipid peroxidation
powers [9,32,34,65,64]. Previous findings demonstrated flavonol
kaempferol from Crinum jagus L. (Amaryllidaceae) leaf extract to be
having strong protective powers due to its antioxidant and anti-lipid
peroxidation properties in pentylenetetrazole-induced kindling of
mice, and this was associated with decreased lipid peroxidation,
augmented endogenous antioxidant enzymes (SOD, CAT, and GR) in the
damaged brain tissues of extract-treated mice compared to the untreated
negative controls [85].

The improved antioxidant status of the animals, being attributed to
the nonenzymatic plant-based antioxidants causes lowered lipid perox-
idation, decreased MDA levels, reduced cellular lipid peroxidation, and
tissue injuries, and quickened tissue repair which protects the animal
tissues from oxidative stress-induced injuries [54,80]. These pharma-
cological properties are important since they could aid in the formula-
tion of essential molecules to be used in the management of
oxidative-related ailments [67]. However, to the best of our knowl-
edge, little is known about the medicinal effects of the plant (C. jagus) in
cases of liver and kidney toxicity and this formed the basis for the study.

The study aimed to elucidate the protective effects as well as changes
in oxidative stress indices in hepatic and renal tissues due to C. jagus leaf
extracts during toluene-induced toxicity in rats.

2. Materials and methods
2.1. Plant materials

Freshly harvested plant material (Crinum jagus leaves) were
collected in Ishaka-Bushenyi municipality, western Uganda (GPS co-
ordinates; Latitude: —0.53828 S 0°32°17.79583" Longitude: 30.14546 E
30°8'43.64405"), and identified as Crinum jagus (J. Thomps.) Dandy
(Liliaceae/ Amaryllidaceae) by a botanist at Mbarara University of Sci-
ence and Technology (code No. SHO 1000). The methanol and aqueous
extracts were prepared using standard methods [32,81]. Briefly, “dry
leaves were ground using a manual metallic mortar and pestle into fine
powders that were kept in air-tight glass containers. The methanol and
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aqueous extracts of the plant were prepared by soaking 200 g of the
powdered sample in 1 L of respective solvent (absolute methanol or
distilled water) in an Erlenmeyer conical flask (Corning® CLS431145,
Darmstadt, Germany). This was placed on an orbital shaker incubator
(Amerex®, Gyromax 727, NY, USA) to allow complete mixing (24 h,
100 rpm, 30 oC) after which the debris was removed from the extracts by
centrifugation (5000 rpm, 15 min). The solvents from the methanol and
aqueous extracts were filtered using Whatman number 1 filter papers
(Whatman® qualitative filter paper, Grade 1, WHA1001325, Darmstadyt,
Germany) and were concentrated to dryness using a rotary evaporator
(Biichi® Rotavapor® R-210, Biichi 23011V010, Darmstadt, Germany) at
53 °C to evaporate off the methanol and water respectively. The
remaining dry concentrated extracts were weighed and the yield was
stored in universal bottles put in a refrigerator at 5 °C (Samsung
RF22N9781SR, UPC: 887276259277, Brooklyn, NY, USA) till used.
When needed for use, the dry concentrates were dissolved in known
volumes of respective solvents to make the required dose for phyto-
chemical and in vivo antioxidant activities” [32,81].

2.2. Animals

The study was performed on male Wistar rats of similar age (8 weeks
of age) and weight range (243.3 + 1.42 g) at the time of study initiation
following previous studies [21,64,8,85], and male rats were used as
previous laboratory studies have shown no differences between female
and male rats [19,20]. The rats were obtained and contained in separate
stainless-steel wire mesh cages (60 cm x 50 cm x 30 cm) on Paper Pellet
Bedding (So Phresh® Paper Pellet Small Animal Litter, ASIN:
B013GL52Y8, Amazon.com Inc., USA), at the laboratory animal facility
in the school of Pharmacy, Kampala International University, western
campus, Bushenyi, Uganda. Standard commercial diet (Nuvilab Cr-1 ®,
Nuvital Nutrientes, S/A) and drinking water were available ad libitum to
all the animals, and were maintained in well-regulated environmental
conditions; continuous monitoring, good husbandry practices, the hu-
midity of 55 + 5%, room temperature (25-30 °C), and under 12:12-hour
light: dark cycles, in line with ARRIVE guidelines [29,6,61].

2.3. Experimental design

The study was conducted for one week based on previous studies [21,
64,8,85]. The sample size was based on previous studies [26,37]. After
two weeks of adaptation 80 rats were randomly allocated to 8 experi-
mental groups as follows: Group, I received 1 ml/kg of distilled water by
oral gavage (per os., i.e., p.o) for 7 successive days (normal control, n =
10); Group, II received 4.5 ml/kg of toluene once, p.o, plus 1 ml/kg of
distilled per os. for 7 successive days (negative control, n = 10); Group,
III received 4.5 ml/kg of toluene once p.o, and 500 mg/kg of methanol
extract p.o for 7 successive days (methanol extract test group, n = 10);
Group, IV received 4.5 ml/kg of toluene once p.o, and 500 mg/kg of the
aqueous extract p.o for 7 successive days (aqueous extract test group, n
= 10); Group, V received 500 mg/kg of methanol extract p.o for 7
successive days (methanol extract normal control group, n = 10) while
group VI, received 500 mg/kg of aqueous extract p.o for 7 successive
days (aqueous extract normal control group, n = 10); Group VII received
500 mg/kg of vitamin C dissolved in distilled water p.o for 7 successive
days (standard normal control group, n = 10), while Group, VIII
received 4.5 ml/kg of toluene once p.o, and 500 mg/kg vitamin C dis-
solved in distilled water p.o for 7 successive days (standard control
group, n = 10).

Toluene was administered once throughout the whole study (single
oral dose exposure) per os. as based on previous studies [8,21], whereas
the plant extracts were administered once daily for seven days per os
(multiple oral dose exposures) using therapeutic doses of C. jagus from
previous studies [64,85], vitamin C dose (500 mg/kg) used in our study
had been previously shown to provide significant antioxidant potential
on oxidative stress conditions in mice and rats [33]. Analytical grade
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liquid toluene- 99.5% pure (Santa Cruz Biotechnology, Germany;
99.5%) was used to induce toxicity in the study animals, the toluene
dose used in the currently (4.5 ml/kg) was 75% of the benchmark dose
(BD) described previously [8,21], BD is the maximum dose that is
associated with significant neurotoxicity without causing rodent death.
Toluene is non-soluble in water, corrosive, and was therefore adminis-
tered by oral gavage without dilution based on previous methods [8,21].

At the termination of the studies (on the morning of sacrifice), the
rats were weighted using a large plastic beaker (Kent Scientific®, Tor-
rington, USA), with a digital animal weighing scale (Kent Scientific®,
SCL-1053, Torrington, USA) using standard methods [28,36,7], sacri-
ficed using thiopental sodium (25 mg/kg body weight, Santa Cruz
Biotechnology, Germany) based a method described previously [42],
and immediately blood samples were collected by cardiac puncture and
placed in red top plain vacutainer tubes for laboratory analysis of serum
liver enzyme activities (alanine aminotransferase-ALT, alkaline phos-
phatase- ALP, aspartate Aminotransferase- AST, and gamma-glutamyl
transferase- GGT), serum bilirubin and serum kidney function tests
(creatine and urea) using previous methods [28,29]. After getting the
blood specimen, the kidneys and liver were harvested via linea alba
incision, dissected free of adhering tissue, and weighted (absolute organ
weight) using a large plastic beaker (Kent Scientific®, Torrington, USA)
on an electronic weighing scale (Kent Scientific®, SCL-1053, Torrington,
USA) using previous methods [28,41]. Immediately after the weights of
the organs were taken, the tissues were quickly cut and washed in
ice-chilled normal saline, pieces of organ specimens were stored in 10%
phosphate-buffered saline (PBS) and 10% neutral buffered formalin
(NBF) fixative at room temperature (22-30° C) for biochemical assays
(SOD, CAT, GSH, and MDA) in tissue homogenates and histopatholog-
ical examination of tissues respectively [13,42,47,84].

2.4. Analytical procedures

2.4.1. Phytochemical analysis of C. jagus leaf extracts

Phytochemical analyses of methanol and aqueous leaf extracts of the
herb were performed in triplicates in the Ethnobotany Laboratory at the
Department of Biological Sciences, Makerere University in Uganda.
Qualitative analysis for the main active groups of bioactive components
such as alkaloids, saponins, tannins, cardiac glycosides, hydroxyan-
thraquinones, phlobatannins, terpenoids, flavonoids, phenols, among
others was carried out using standard qualitative analytical methods as
described by Trease and Evans, and Oke-Altuntas et al. Oke-Altuntas
et al. [66,87]. Quantitative analyses of the majorly compounds identi-
fied from the above qualitative analysis of the two crude extracts of the
herb were then carried out in the same Laboratory using standard
spectrophotometric analytical methods (PerkinElmer’s Lambda 35
UV/Vis, USA) described previously [22,55,56,71,77,78,93].

2.4.1.1. Polyphenol analysis. The polyphenol contents were assessed
using the Folin-Ciocalteu method described previously [22,71], at a
spectrophotometer absorbance (0.D) of 730 nm, and the result was
expressed as milligrams of phenol per gram of dry extract (g/100 g).

2.4.1.2. Flavonoid analysis. The flavonoid levels were analyzed using
the aluminum chloride test using a method described previously [71,
93], at O.D = 420 nm expressed as milligrams of flavonoid per gram of
dry extract.

2.4.1.3. Tannin analysis. The tannin levels were determined using the
vanillin-hydrochloric acid test by employing a method by Morrison et al.
Morrison et al. [55] as suggested by Piana [71], at O.D = 500 nm
expressed. The data were expressed as milligrams of tannin per gram of
dry extract.

2.4.1.4. Saponin analysis. The amounts of saponins were determined by
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the vanillin—sulfuric acid method described by Shiau et al. Shiau et al.,
[78], at 0.D 535 nm, expressed as milligrams of saponin per gram of dry
extract.

2.4.1.5. Cardiac glycoside analysis. The amounts of glycosides in the
powdered sample were determined using the Baljet’s test described
previously [56], and the absorbance of the colored complex was deter-
mined spectrophotometrically at 495 nm, expressed as milligrams of
glycoside per gram of dry extract.

2.4.1.6. Alkaloid analysis. The contents of alkaloids were analyzed
using the Dragendorff’s test described previously [71,83], at O.D = 435
nm expressed. The data were expressed as milligrams of alkaloids per
gram of each fraction.

2.4.1.7. Terpenoid analysis. The terpenoid content of the extracts was
measured using the spectrophotometric analytical method (Perki-
nElmer’s Lambda 35 UV/Vis, USA) following the method described
previously [48], at O.D = 471 nm. The data were expressed as milli-
grams of terpenoids per gram of each fraction.

2.4.2. In vivo antioxidant and protective effects of C. jagus leaf extracts
extract

2.4.2.1. Determination of the bodyweight, absolute, and relative organ
weights of liver and kidney. The rats were weighed using a large plastic
beaker (BrandTech®) on an electronic weighing scale (Kent Scientific®)
using methods described previously [28,36,7]. The kidneys and liver
were weighted to get the absolute organ weights using a large plastic
beaker (BrandTech®) on an electronic weighing scale (Kent Scientific®)
using previous methods [28,41]. Body and absolute organ weights were
expressed in grams, and the relative organ weight was obtained as a
percentage of body weight based on the organ-to-bodyweight ratio
(OBR) in the rats; (OBR % = organ weight/bodyweight x 100%) using
previous methods [12,53], and OBRs in combination with absolute
organ weight data were used as accurate indicators of organ toxicity [12,
53].

2.4.2.2. Assay of the serum liver and kidney function biochemical
markers. This was done by measuring the activity of serum liver
biochemical enzymes, and levels of serum creatinine and urea respec-
tively. The laboratory analysis of serum liver enzyme activities (ALT,
ALP, AST, GGT), serum bilirubin, and serum kidney function tests
(creatine and urea) were done using previous methods [8,29]. Briefly,
the collected samples of blood were left to stand for an hour to clot and
serum samples were separated from the clots by centrifugation at 3000
rpm for 10 min (CYAN CLOO8N, USA). Biochemical parameters in serum
(ALT, ALP, AST, GGT, creatinine, urea, and bilirubin) were measured
using an automated biochemical analyzer (Roche Diagnostics, Roche
Cobas Integra 800, Mannheim, Germany) using standard kits supplied
by Santa Cruz Biotechnology, Germany [8,29]. ALT, ALP, AST, and GGT
values were expressed in units per liter (U/L), whereas creatinine, urea,
and bilirubin were expressed in mg/dL.

2.4.2.3. Determination of tissue biochemical markers in animal tissues.

Kidney and liver tissue extracts were prepared using previous methods,
as described in brief, pieces of kidney and liver (1 g) were dipped in 9%
w/v of ice-cold buffered sucrose (0.25 M) with HEPES (1 mM, pH = 7.4).
The tissues were cut into many pieces and spun in the buffer to remove
blood. The kidney and liver pieces were then crushed into fine compo-
nents and transferred to the ice-cold homogenizing vessel to be ho-
mogenized (6 strokes of pestle, full speed) to make homogenates of 10%
w/v using sucrose buffer solution, and the homogenate was stored at —
80°C. The homogenates (5 ml) were centrifuged (CYAN CLOO8N, USA; 4
°C, 9000 rpm, 10, minutes) to get supernatants for the analysis of GSH,
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MDA, and antioxidant enzymes (SOD, CAT) [37,94].

2.4.2.4. Determination of SOD activity in animal tissues. Assay for su-
peroxide dismutase (SOD) activity was done by spectrophotometric
methods previously described [13,84], this involved suppression of
nitroblue tetrazolium reduction, and xanthine-xanthine oxidase was
employed as the superoxide generator. The assays were done using tis-
sue samples in a reaction with 0.1 M sodium phosphate buffer Ph 7.8,
0.3 mM hypoxanthine, 7.5 mM cytochrome c. The reaction was initiated
by combining 5 U of xanthine oxidase in 1 ml of sample. Cytochrome ¢
reduction was observed for 60 s at 550 nm in a microplate spectro-
photometer (PerkinElmer’s Lambda 35 UV/Vis, USA) [13,84]. The
values were expressed as units of SOD per milligram of protein or tissue
(Units/mg protein).

2.4.2.5. Determination of CAT activity in animal tissues. Assay of catalase
(CAT) activity was done using a standard technique by Beer & Seizer. In
brief, “295 uL of Hy0; solution was added to 5 pL of samples and the
absorbance, OD, was measured (240 nm, 5 min at 30-second intervals).
The quantity of catalase was quantified as a difference in OD x 1000/
43.6 x mg of protein per ml of the reaction mixture” [80]. The activity
was expressed as units of CAT per milligram of protein or tissue
(Units/mg protein).

2.4.2.6. Determination of glutathione concentration in animal tissues. The
determination of glutathione (GSH) was done by the dithiobis (2-
nitrobenzoic acid); DTNB spectrophotometric method as previously
described [47]. “Briefly, specimens were diluted in DTNB buffer to the
required concentrations. 50 pL of specimen or GSH standard was
measured on a microplate and 100 pL of DTNB reaction buffer was
added. Absorption was monitored (405 nm, 3 min) in association with
TNB formation with a Scientific microplate spectrophotometer (Perki-
nElmer’s Lambda 35 UV/Vis, USA). The absorption difference between 2
and 0 min was used for the quantification of GSH. The values were
expressed as micromoles of GSH per milligram of protein or tissue
(pMol/mg protein)” [47].

2.4.2.7. Determination of malondialdehyde concentration in animal
tissues. The determination of malondialdehyde (MDA) was done by the
nonspecific spectrophotometric thiobarbituric acid reactive substances
(TBARS) measurement as previously described [42]. “In particular, the
concentration was determined by using the equation;.

Concentration = Absorbance/(Molar extinction co-efficient x 1 L) x
10° nm where an extinction coefficient of 156 was used. The values were
expressed as micromoles of MDA per milligram of protein or tissue
(pMol/mg protein)” [42].

2.4.2.8. Histopathological examination of animal tissues. Histopatholog-
ical tests were performed using standard histological methods as pre-
viously described [30,37]. Briefly, portions of liver and kidney tissues
were fixed in 10% NBF fixative solution for 48 h, after which tissues
were processed using routine histology techniques by dehydrating with
graded alcohols, clearing with xylene, then embedding into paraffin
wax, and finally, every organ was randomly sectioned into six, 5
um-thick histological sections. The sections were then placed on slides
and stained with hematoxylin and eosin (H &E) stain [30,37]. The
stained sections were mounted in mounting media and qualitative his-
tological examination of the sections was done and photographed with a
light microscope (Nikon Eclipse Ci-L Upright Microscope, New York,
USA), at a magnification of 250x or 400x, digital camera (Nikon DS-Filc
Digital Camera, New York, USA), and imaging software (Nikon NIS-
NIS-Elements F Ver4.60.00 Imaging software), for image analysis and
documentation. A qualitative examination of the tissues was done under
the light microscope using previously described methods [37,46,94].
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2.5. Statistical analysis

The data was recorded and then entered in Graph Pad Prism Version
6 for statistical analysis. Data were tested for normalcy and parametric
tests were conducted using Graph Pad Prism. Data were subjected to
one-way analysis of variance (ANOVA) and Tukey’s multiple compari-
son test was used to determine sources of variation and significant dif-
ferences (P < 0.05) at 95% confidence interval were indicated with
different superscript letters (a, b, ¢, and d). The information was
expressed as mean + SD and presented on graphs and tables.

3. Results
3.1. Phytochemical composition of C. jagus leaf extracts

Phytochemical analysis of both the aqueous and methanol C. jagus
leaf extracts revealed the presence of alkaloids, flavonoids, tannins,
terpenoids, cardiac glycosides, polyphenols, and saponins. The standard
spectrophotometric analytical methods showed the content of phyto-
chemicals in methanol extract as being in the order tannins > flavonoids
> polyphenols > alkaloids > terpenoids > cardiac glycosides > sapo-
nins, while that of the aqueous extract was in the order polyphenols >
tannins > flavonoids > alkaloids > terpenoids > cardiac glycosides >
saponins. Considering both extracts, the tannins, polyphenols, and fla-
vonoids were in the highest concentration (Table 1).

3.2. C. jagus leaf extracts alleviated the bodyweight, and the absolute and
relative liver weight and kidney weight of male Wistar rats under toluene
toxicity

The negative control group showed significantly (P < 0.05) reduced
bodyweights by 22%, and significantly (P < 0.05) increased absolute
liver weight and kidney weight by 42% and 83% respectively compared
to the normal control group. Administration of aqueous and methanol
C. jagus extracts in the two extract test groups (group III and IV) led to
significantly (P < 0.05) increased bodyweights, and significantly (P <
0.05) reduced absolute liver weight and kidney weight compared to the
negative control group, with no significant (P > 0.05) difference on the
body and organ weights between the methanol extract test group and
aqueous extract test group. Additionally, there was no significant (P >
0.05) difference in the bodyweights and absolute organ weights of the
extract test groups (group III and IV) compared to the normal control,
standard control, standard normal control as well as to the extract
normal control groups (group V and VI) (Fig. 1 A, C & supplementary
file 1:Table 1).

Furthermore, the negative control group showed significantly
(P < 0.05) higher liver and kidney-to-body weight ratios by 80% and
140% respectively compared to the normal control; aqueous and
methanol extracts test groups showed significantly (P < 0.05) reduced
organ-to-bodyweight ratios of liver and kidney compared to the negative
control group, with no significant (P > 0.05) difference on the organ-to-
bodyweight ratios of methanol extract test group and aqueous extract
test animals. Also, there was no significant (P > 0.05) difference in the
organ-to-bodyweight ratios of liver and kidney of extract-treated test

Table 1
Total phytochemical content in methanol and aqueous leaf extracts of C. jagus.

Phytochemical compound ~ Methanol (mgg ' Extract) ~ Aqueous (mgg ' Extract)

Tannins 57.04 £ 1.51 18.74 + 1.01
Flavonoids 35.43 £ 1.03 13.43 + 0.47
Polyphenols 28.2 +0.34 19.65 + 0.21
Alkaloids 6.64 + 0.42 4.56 + 0.03
Terpenoids 3.20 £0.11 2.78 £0.23
Cardiac glycosides 3.06 + 0.13 1.13 + 0.67
Saponins 1.34 £ 0.02 0.87 £ 0.04

Values represent means + standard deviations (SD) for triplicate experiments.
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groups compared to the normal control, standard control, standard
normal control, as well as to the extract-treated normal control rats
(Fig. 1 B, D).

3.3. C. jagus leaf extracts alleviated the serum liver and kidney function
biochemical markers of male Wistar rats under toluene toxicity

Animals in the negative control group showed significantly
(P < 0.05) higher serum levels of liver and kidney function biochemical
parameters (ALT, ALP, AST, GGT, bilirubin, creatinine, and urea)
compared to normal control; extract-treated test group revealed signif-
icantly (P < 0.05) lower levels of liver and kidney function biochemical
markers compared to the negative control group, with significant
(P < 0.05) difference on the parameters between methanol extract test
group and the aqueous extract test group. Additionally, there was no
significant (P > 0.05) difference in serum levels of liver and kidney
function test parameters of the methanol extract test group compared to
the normal control, standard control, standard normal control, and the
extract normal control groups. However, there was a significant
(P < 0.05) difference in the levels of parameters of the aqueous extract
test group compared to the normal control, standard control, standard
normal control, methanol extract test group, and extract normal control
groups (Fig. 2).

3.4. C. jagus leaf extracts alleviated the activities of SOD and CAT, and
concentrations of GSH and MDA in liver and kidney tissues of male Wistar
rats under toluene toxicity

Animal tissues of the negative control group showed significantly
(P < 0.05) reduced SOD and CAT activities, and GSH levels, and
significantly (P < 0.05) increased MDA levels in liver and kidney
compared to normal control; extract test group tissues showed signifi-
cantly (P < 0.05) higher SOD and CAT activities, and GSH levels, and
significantly (P < 0.05) lower MDA levels in liver and kidney compared
to the negative control group, with no significant (P > 0.05) difference
on the GSH, and MDA levels but with significant (P < 0.05) difference in
SOD and CAT activities of methanol extract test group compared to the
aqueous extract test group. The SOD and CAT activities and GSH levels
were significantly (P < 0.05) higher in extract test groups compared to
the normal control and extract normal control groups. However, there
was no significant (P > 0.05) difference in the MDA level between the
extract test groups compared to the normal control and extract normal
controls. There were no significant (P > 0.05) differences in the SOD,
CAT, GSH, and MDA levels between the methanol extract test group
compared to the standard control group. Furthermore, significantly
(P < 0.05) higher levels of SOD, CAT, and MDA were found in the liver
than kidney as follows: in the normal control and extract test groups
there was significantly (P < 0.05) higher SOD and CAT activity in the
liver compared to the kidney; negative control group showed signifi-
cantly (P < 0.05) higher MDA levels in liver compared to kidney
(Fig. 3).

3.5. C. jagus leaf extracts alleviated the histopathological changes in liver
and kidney tissues of male Wistar rats under toluene toxicity

Kidney sections from the negative control group showed dilatation of
Bowman'’s space with glomerular atrophy in the renal cortex compared
to the normal control and extract normal controls groups whose sections
showed normal structural integrity of Bowman’s space, glomeruli, tu-
bules, and renal cortex. In the extract test groups, histological appear-
ances of Bowman’s space and glomeruli were markedly improved, with
the methanol extract test group similar to the standard control group,
providing a better (normal) histological appearance of the structures
compared to the aqueous extract test group (Fig. 4).

Liver sections from the negative control group showed histopatho-
logical changes marked by the extensive presence of fatty droplets,
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Fig. 1. Effect of methanol and aqueous C. jagus leaf extracts on the absolute and relative organ weights of toluene-exposed male Wistar rats. A. Absolute liver weight.
B. Relative liver weight. C. Absolute kidney weight. D. Relative kidney weight. Each value is expressed as mean + SD. Different letters (a, and b) meant significant
differences among the groups, (p < 0.05). Abbreviations: TOL = toluene, ME = methanol extract, AE = aqueous extract, VC = vitamin C.

pyknotic cells, and inflammatory cell infiltration compared to normal
control and extract normal controls groups whose sections showed
normal morphology of the hepatocytes with a regular arrangement, and
visibly clear stained nucleus and cytoplasm. In the extract test groups,
inflammatory cell infiltration, pyknotic cells, and fatty droplets were
markedly reduced and histological appearance and arrangement of he-
patocytes were normal/near normal, with the methanol extract test
group and standard control group providing a better (normal) histo-
logical appearance of the structures compared to the aqueous extract
test group (Fig. 5).
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4. Discussion

At the time of the study, little was known regarding the antioxidant
and protective effects of Crinum jagus (C. jagus); only three studies were
found in the National Center for Biotechnology Information (NCBI) li-
brary using the keywords ‘Crinum jagus antioxidant’ [17,85,89], also,
data involving the antioxidant or protective attributes of C. jagus on
toluene-induced damages in liver and kidneys of rodents were not found
during NCBI search with the key words ‘Crinum jagus toluene toxicity’,
which formed the basis for this study. Accordingly, the current findings
showed that the major phytochemical components of the methanolic
Crinum jagus leaf extract (more than the aqueous extract) are associated
with significant antioxidant and protective effects against
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Fig. 2. Effect of methanol and aqueous C. jagus leaf ex-
tracts on serum liver and kidney function tests of toluene-
exposed male Wistar rats. A. Alanine aminotransferase. B.
Alkaline phosphatase. C. Aspartate Aminotransferase. D.
Gamma-glutamyl transferase. E. Bilirubin. F. Creatinine.
G. Urea. Each value is expressed as mean + SD. Different
letters (a, b, and c¢) meant significant differences among
the groups, (p < 0.05). Abbreviations: TOL = toluene, ME
= methanol extract, AE = aqueous extract. ALT = Alanine
aminotransferase, ALP = Alkaline phosphatase, AST
= Aspartate Aminotransferase, GGT = Gamma-glutamyl
transferase, VC = vitamin C.
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Fig. 3. Effect of methanol and aqueous C. jagus leaf extracts on the levels of antioxidants and oxidant enzymes in liver and kidney tissues of toluene-exposed male
Wistar rats. A. Superoxide dismutase. B. Catalase. C. Glutathione. D. Malondialdehyde. Each value is expressed as mean =+ SD. Different letters (a, b, and ¢) meant
significant differences among the groups, (p < 0.05). Abbreviations: TOL = toluene, ME = methanol extract, AE = aqueous extract. SOD = superoxide dismutase,
CAT = catalase, GSH = glutathione, MDA = malondialdehyde, VC = vitamin C.

toluene-induced oxidative stress injuries in the liver and kidneys of rats
due to the activation of the endogenous antioxidant enzymes (SOD, CAT,
and GR) with a resultant increased antioxidant status, inhibition of lipid
peroxidation pathways and lowering of cellular lipid peroxidation in the
two organs.

The isolated phytochemicals of the aqueous and methanol Crinum
jagus (J. Thomps.) Dandy (Liliaceae) leaf extracts (alkaloids, flavonoids,
tannins, terpenoids, cardiac glycosides, polyphenols, and saponins) are
comparable to those previously isolated from the aqueous and methanol
leaf extracts of Crinum jagus (Amaryllidaceae J.St. Hil.) i.e. higher levels
of phytochemicals were isolated from the methanolic than aqueous
extract, and the tannins, polyphenols, and flavonoids were in the highest
concentration in the two extracts of methanolic and water [32]. How-
ever, results from the present study found three extra phytochemicals
(terpenoids, cardiac glycosides, and saponins) and about thrice less
phytochemical concentration in the current C. jagus leaf extracts
compared to [32]. The disparities in phytochemical content between the
current herb and others might be due to environmental or seasonal
changes where the herb was collected, changes during extraction and/or
storage, uniqueness of individual species of the plant that may alter the
available plant components [34]. The phytochemicals found in the
current C. jagus leaf extracts are in tandem with previous findings where
phytochemical analysis of the aqueous and ethanolic extracts of C. jagus
(Amaryllidaceae/Lilaceae J.St. Hil.) bulb found the presence of
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alkaloids, flavonoids, tannins, terpenoids, phenolics, saponins, and
glycosides [9,34], and an abundant concentration of flavonoids, phe-
nolics, and tannins [9,34].

Most studies attribute the protective and antioxidant scavenging
capacities from herbs against the reactive oxygen species (ROS) like
H,0,, nitric oxide, and hydroxyl peroxide radicals generated during
oxidative stress-induced pathological processes, to be due to the pres-
ence of the numerous bioactive compounds in the medicinal plants [27,
50,69]. There is a positive correlation between the total phytochemical
content of plant extracts, and their antioxidant potential and lipid per-
oxidation inhibition activities [43,50]. Thus, since tannins, flavonoids,
and polyphenols were in the highest concentration in the current C. jagus
extracts, it follows that the antioxidant and lipid inhibition protective
capacity of the secondary metabolites against toluene toxicity is highest
with tannins, flavonoids, and polyphenols. The presence of significant
levels of tannins, flavonoids, and polyphenols in C. jagus provides strong
antioxidant and anti-lipid peroxidation activities in vitro and in vivo [9,
32,34,65,64], agrees with data from other plant extracts that attribute
the antioxidant, anti-lipid peroxidation, and the protective capacities of
herbs to be mainly due to the presence of phenolics, tannins, poly-
phenols, and flavonoids (nonenzymatic antioxidants) [10,16,39,50].

During the acute one-week period of the study, administration of a
single oral dose of toluene, 4.5 ml/kg (3900 mg/kg) per gavage was
non-lethal to our rats but caused significant toxic effects to the body
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e

Fig. 4. Effect of methanol and aqueous C. jagus leaf extracts on the histopathological changes in kidney tissue of toluene-induced male Wistar rats. a. Normal control.
b. Methanol extract normal control. c. Aqueous extract normal control. d. Negative control. e. Aqueous extract test. f. Standard control. g. Methanol extract test.
Glomerulus (G), inflammatory cell infiltration (black arrow), dilation of bowman space (red arrow). H&E; 250x).

Fig. 5. Effect of methanol and aqueous C. jagus leaf extracts on the histopathological changes in liver tissue of toluene-induced male Wistar rats. a. Normal control. b.
Methanol extract normal control. c. Aqueous extract normal control. d. Negative control. e. Aqueous extract test. f. Standard control. g. Methanol extract test.
Hepatocyte (H), central vein (CV), pyknotic cell (black arrow), and fatty droplet (red arrow). (H&E; 250x).

tissues, these findings concur with previous studies where similar doses to the normal control group, similar findings are observed with
of toluene (3-6 ml/kg) were associated with acute tissue toxicity in rats acute-exposure oral doses of toluene between 1500 and 5200 ppm [12,
[21,5,8], agree with data that stipulates that the xenobiotic is generally 21,53,91,92].

toxic to mammals including humans and rodents [70,96]. The toluene Again, toluene toxicity in our animals was associated with signifi-
toxicity caused significant bodily and organ toxicity (significant cantly decreased antioxidant status (SOD and CAT activities and GSH
decrease in body weight, elevated absolute and relative organ weights levels), and increased oxidant status (amounts of MDA) in the liver and
kidneys and liver) of the animals in the negative control group compared kidneys of the negative control group compared to normal control.
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Additionally, there was a significant distortion of renal and hepatic
histology evidenced by a marked increase in inflammation and
apoptosis/necrosis in the kidney and liver tissues, and significant
impairment of liver and kidney functions i.e. significantly raised liver
function tests-LFTs (serum ALT, ALP, AST, GGT, and total bilirubin) and
raised kidney function tests (serum creatinine and urea) in the negative
control group compared to the normal control. These concur with pre-
vious data where toluene caused renal and hepatic damage through
increased oxidative stress reactions leading to a reduction in antioxidant
status, levels of uric acid in the blood, and antioxidant potential in tis-
sues [11,25,45,73]. It is this excessive oxidative stress status in the body
that results in increased amounts of protein markers of oxidative stress
(diminished levels of SOD, CAT, and GSH), and attenuated lipid
peroxidase pathway mechanisms (increased cellular lipid peroxidation
or elevated levels of MDA in the liver and kidney tissues) [25,3,45,52,
73]. As observed in the current research, these reactions trigger pro-
gressive hepatic injury and hepatocyte degradation, apoptosis, and
impairment of liver biochemical functions in agreement with previous
findings [8], defects of which arise hugely from hepatic mitochondrial
dysfunction [8]. Toluene is mainly excreted from mammals via the
kidneys [8,24], and the resultant oxidative nephrotoxicity in rodents
and humans [3,60], cause serious renal cell damage, increased lactate
dehydrogenase activity and renal impairment indicated by increased
levels of serum creatinine, urea, and blood urea nitrogen which are
plasma biomarkers of adverse renal toxicity [2,50,8,95], findings of
which are consistent with our findings.

Extract exposure significantly increased the antioxidant status (SOD
and CAT activities, GSH levels) and reduced the oxidant status (MDA
levels) in the extract test animals, as well as the standard control animals
treated with VC compared to the negative control group, the values of
SOD and CAT activities and GSH levels in the extract test and standard
control groups significantly surpassed values of the normal control
indicating that our C. jagus extracts induce significant antioxidant and
anti-lipid peroxidation activities (induce surges of endogenous activities
of SODs, CATs, GRs-production of GSH, and inhibit MDA production) in
the injured liver and kidney tissues under toluene toxicity, with a similar
antioxidant capacity to the standard control drug of our study (VC).
Similar to our findings, VC (500 mg/kg) has been found to provide
significant antioxidant potential in oxidative stress conditions in mice
and rats [33]. Antioxidants correct oxidative stress by preventing or
delaying the progression of oxidative chain reactions; nonenzymatic
plant-based antioxidants such as tannins, polyphenols, and flavonoids
identified in our plant can donate their free electrons which neutralize
exogenous and endogenous free radicals, can scavenge free radicals
resulting in amelioration of tissue damages and a reduction in the risk of
diseases [35]. However, nonenzymatic plant-based antioxidants mainly
work by stimulation of endogenous antioxidant enzymes (SOD, CAT,
and GR), as was observed in the current paper, causing increased release
of protons and free electrons which reduce the free radicals and oxidized
intermediates of lipid peroxidation in liver and kidney tissues during
oxidative stress [50,85,97]. The improved antioxidant status causes a
lowering of the lipid peroxidation to bring about a decrease in MDA
levels, reduced cellular lipid peroxidation, reduced tissue damage, and
quickened tissue repair which protects tissues from oxidative
stress-induced injuries [54,80].

The current findings concur with previous in vitro data where Crinum
jagus L. (Amaryllidaceae J.St. Hil.) leaf extracts and Crinum jagus (J.
Thomps.) Dandy (Liliaceae) bulb extracts showed strong antioxidant
potential owing to the presence of significant amounts of tannins, phe-
nolics, and flavonoids [32,57,65]. Additionally, the current data are in
tandem with H. Zailani et al.’s study where the aqueous and ethanolic
bulb extracts of Crinum jagus (J. Thomps.) Dandy (Amaryllidaceae)
showed anti-snake venom in rat tissues by an antioxidant mechanism
owed to the presence of alkaloids, tannins, phenolics, terpenoids, ste-
roids, and flavonoids [34]. In addition, the current data are in agreement
with a previous in vivo study in which flavonol kaempferol from Crinum
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jagus L. (Amaryllidaceae) leaf extract showed strong antioxidant and
anti-lipid peroxidation properties in pentylenetetrazole-induced
kindling of mice, similarly, they also found decreased lipid peroxida-
tion (MDA), augmented endogenous antioxidant enzymes (SOD, CAT,
and GR) in damaged brain tissues of extract-treated animals compared
to the untreated negative controls; the antioxidation capacity of the
extract was coupled with significant protective (anticonvulsant) activity
in the mice [85]. When endogenous antioxidant (SOD, CAT, and GSH)
levels increase, we see reduced cellular lipid peroxidation, reduced tis-
sue damage, and quickened tissue repair [68,85]. Lipid peroxidation is
facilitated by the lipid peroxidase pathway whose activities cause the
production of MDA in tissues causing structural impairment and loss of
function of cell membranes [68,85], yet this was able to be checked by
our plant extracts.

In any case, the two extracts significantly reduced bodily injury and
organ toxicity as evidenced by the significantly improved bodyweight,
reduced absolute and relative organ weights of liver and kidneys to
normal levels, and alleviated the histopathological features of liver and
kidneys to normal; coupled with improved LFTs, and kidney function
tests to normal and near-normal values with the methanol and aqueous
extracts respectively in the extract-treated animals compared to the
untreated negative control group. This indicates that the extracts have
anti-toxicant protective potentials on toluene-induced oxidative stress
damages in rats (pretreatment with C. jagus ameliorates the injuries by
protecting against the development of oxidative stress in the animals).
This is in concurrence with previous data that found the extracts of
C. jagus as possessing protective activities against oxidative stress-
induced injuries in tissues due to the presence of abundant plant-
based antioxidants mainly tannins, flavonoids, and polyphenols that
show strong antioxidant and anti-lipid peroxidation capacities [9,32,34,
65,64]. The improved antioxidant status in the animals causes lowered
lipid peroxidation, decreased MDA levels, reduced cellular lipid perox-
idation, and tissue injuries, and quickened tissue repair which protects
the tissues from oxidative stress-induced injuries [54,80].

Other mechanisms by which C. jagus extracts might be offering
protection on the xenobiotically-injured tissues could be by the provi-
sion of secondary pharmacological properties (antimicrobial, anti-
hemorrhagic, anti-inflammatory, anticarcinogenic, and anti-toxicant),
[58,65,74,85,88,9], such properties have been identified with Aloe vera.
(L.) Burm. f. (Liliaceae) and facilitate the repair and regeneration of
tissues following oxidative stress injuries thereby resulting in improved
mammalian cell biology and function [58,74,86,88,89], however, these
need more exploration.

Current data shows no differences in the levels/magnitudes of all our
parameters (body weights, absolute and relative organ weights, SOD,
CAT, GSH, MDA, LFTs, kidney function tests, and liver and kidney his-
tology) in the extract normal control groups compared to the normal
controls. This is in line with previous findings and indicates that when
used in established therapeutic doses [64,85,89], C. jagus extracts are
not toxic and maintain the morphological, biochemical, and physio-
logical status of the animals [64,85,89]. There was more antioxidant
status (higher tissue levels of SOD, CAT, and GSH) in the liver compared
to kidney tissues (in normal control and extract test groups), and more
oxidant status (higher MDA levels) in the liver compared to kidneys (in
the negative control group). This is because the liver is the main organ of
occurrence for the lipid peroxidase pathway and antioxidant enzymes
activities in agreement with Jurczuk et al. who suggested that cellular
lipid peroxidation produces higher levels of MDA in the liver following
toluene toxicity [40], our extracts induce the liver to respond to the high
MDA activity by causing increases of SOD and CAT activities to
neutralize the excessive oxidative stress and lipid peroxidation (xeno-
biotic exposure triggers higher lipid peroxidase pathway activities in
liver than kidney leading to higher levels of MDA) [40]. Antioxidant
exposure (normal control and extract test groups) triggers higher anti-
oxidant (SOD, CAT, and GSH) activity in the liver than kidneys in
agreement with previous data [13,40,42].
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The LFTs, kidney function tests, SOD and CAT activities, as well as
liver and kidney histology, were more improved with methanol
compared to the aqueous extract indicating that in general, the meth-
anol extract of our plant showed better antioxidant protective potential
than its aqueous counterpart, agrees with previous studies where the
antioxidant potentials of C. jagus leaf and bulb extracts were highest in
the order ethanol > methanol > aqueous attributed to the high content
of phytochemicals mainly tannins, flavonoids, phenolics, alkaloids, and
proanthocyan in the alcohol extracts compared to the aqueous one [32,
57,65]. This corresponds to the phytochemical contents of our extracts,
i.e., we obtained significantly higher concentrations of plant-based an-
tioxidants (phenols, tannins, flavonoids) and correspondingly higher
antioxidant, anti-lipid peroxidation, and protective effects with the
methanol extract compared to its aqueous counterpart.

Altogether, the current study has established that the methanol leaf
extract of C. jagus (J. Thomps.) Dandy (Liliaceae) provides more anti-
oxidant and ameliorative potentials against toluene-induced oxidative
stress damages in the liver and kidneys than its aqueous counterpart due
to higher levels of plant-derived antioxidants (tannins, polyphenols, and
flavonoids) in the former extract. Thus, the antioxidant protection is
achieved largely by the activation of endogenous antioxidant enzymes
(SOD, CAT, GR) by the plant-based non-enzymatic antioxidants (mainly
polyphenols and flavonoids) and provision of strong reducing powers
against free radicals and oxidized intermediates of lipid peroxidation by
the phytochemicals which cause inhibition of the lipid peroxidation
pathways in liver and kidneys of rats. Consequently, there is a need for
the advancement of the methanol leaf extraction rather than the
aqueous extraction of the herbal phytochemicals as a protective anti-
oxidant and anti-lipid peroxidation medicinal molecules for toluene
toxicity.

Some of the limitations of the current study are that it did not
emphasize the evaluation of the antioxidant pathway via the CYP450
enzymes and Nrf2 (nuclear factor-erythroid factor 2-related factor 2)
signaling mechanisms; prospective studies will be done to assess the
practical attributes of CYP450 and Nrf2-associated pathways in
L. inermis-related ameliorative effects during oxidative stress damages in
animal tissues.

5. Conclusion

The aqueous and methanol C. jagus leaf extracts of C. jagus exert
protective properties against toluene-induced damages by improving
antioxidant mechanisms with improved antioxidant status and lowered
lipid peroxidation in the liver and kidney of toluene-exposed rats
thereby improving the biological processes of the organs. On the other
hand, the methanol leaf extract of C. jagus shows better antioxidant
protection than its aqueous counterpart due to higher amounts of plant-
based antioxidants mainly flavonoids, tannins, and polyphenols in the
former compared to the latter extract. Thus, the major herb-based an-
tioxidants of the extract (polyphenols and flavonoids), protect the
toluene-induced oxidative stress injuries of the animals by stimulation of
endogenous antioxidant enzymes (SOD, CAT, and GR), but also due to
the radical scavenging and reducing powers of the plant-based antioxi-
dants. For this reason, these processes result in improved antioxidant
status, reduced cellular lipid peroxidation, decreased tissue damages,
quickened tissue repair, and improved histology in the liver and kidneys
of toluene-induced rats.

Therefore, the methanolic extract contains high amounts of nonen-
zymatic plant-based antioxidants reflecting huge antioxidative and
protective powers of C. jagus leaf extracts in cases of xenobiotic
(toluene)-induced liver and kidney toxicity of the animals. Thus, we
recommend more experimental and clinical studies to confirm the effi-
cacy of this extract in treating xenobiotic-induced toxicity due to
oxidative stress damages.
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