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Abstract: Background: Brassica nigra possesses a significant concentration of bioactive compounds
and has been demonstrated to have a variety of pharmacological properties, although its sprout
has not been extensively studied. Thus, the protective effects of Brassica nigra sprout hydroalcoholic
extract (BNSE) on lipid homeostasis, hepatotoxicity, and nephrotoxicity in cyclophosphamide (CYP)-
induced toxicity in rats were examined in this study. Methods: Four experimental rat groups
(n = 8 for each group) were examined as follows: NR, normal rats that received normal saline
by oral gavage daily; CYP, injected with a single dose of CYP at 250 mg kg−1 intraperitoneally
(i.p.) and did not receive any treatment, receiving only normal saline by oral gavage daily; CYP
+ BNSE250, injected with a single dose of CYP at 250 mg kg−1 i.p. and treated with BNSE at
250 mg kg−1 by oral gavage daily for three weeks; and CYP + BNSE500, injected with a single dose
of CYP at 250 mg kg−1 i.p. and treated with BNSE at 500 mg kg−1 by oral gavage daily for three
weeks. Results: The results indicated a significant increase (p < 0.05) in triglyceride (TG), cholesterol
(CHO), low-density lipoprotein cholesterol (LDL-c), and very low-density lipoprotein cholesterol
(VLDL-c) levels in CYP-induced toxicity rats. The administration of BNSE at 250 and 500 mg kg−1

significantly (p < 0.05) attenuated TG, CHO, LDL-c, and VLDL-c at values comparable with the NR
group. The most efficient treatment for improving the lipid profile and atherogenicity complication
was BNSE at 500 mg kg−1, performing even better than 250 mg kg−1. Administrating BNSE at 250 or
500 mg kg−1 improved the liver’s function in a dose-dependent manner. Comparing the lower dose
of 250 mg kg−1 of BNSE with 500 mg kg−1 showed that administrating 250 mg kg−1 attenuated
alanine transaminase (ALT) by 28.92%, against 33.36% when 500 mg kg−1 was given. A similar
trend was observed in aspartate aminotransferase (AST), where 19.44% was recorded for BNSE at
250 mg kg−1 and 34.93% for BNSE at 500 mg kg−1. Higher efficiency was noticed for BNSE at 250
and 500 mg kg−1 regarding alkaline phosphatase (ALP). An improvement of 38.73% for BNSE at
500 mg kg−1 was shown. The best treatment was BNSE at 500 mg kg−1, as it markedly improved
liver function, such as total bilirubin (T.B.), in a dose-dependent manner. The administration of
BNSE attenuated the total protein (T.P.), albumin, and globulin levels to be close to or higher than
the typical values in NR rats. Conclusions: BNSE might be used for its promising hypolipidemic,
hepatoprotective, and nephroprotective potential and to prevent diseases related to oxidative stress.
Further research on its application in humans is highly recommended.
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1. Introduction

Eating more plant-based meals has many health benefits, including better nutrition,
greater resilience to disease, and better protection against oxidative stress. Since traditional
pharmaceuticals are prohibitively expensive, the World Health Organization (WHO) esti-
mates that as many as 80% of people in developing nations rely on locally available plant
resources for their medical needs [1]. For example, the abundant secondary metabolites
produced by brassica plants have several positive biological effects [2]. These include a
variety of micronutrients, such as phenols, polyphenols, flavonoids, carotenoids, alkaloids,
phytosterols, chlorophyll, glucosinolates, terpenoids, and glucosides [3]. Tocopherols, ter-
penes, phytoalexins, and phytosterols are also present [2,4]. Their abundance of minerals,
such as calcium, magnesium, copper, iron, selenium, and zinc, aids in the body’s ability to
recover from illnesses, resist diseases, and boost immunity [5]. Avato and Argentieri [6]
claimed that glucosinolates (GSLs) and tocopherols are among the nutrients found in
mustard seeds. These GSLs are most commonly found in aliphatic, aromatic, or indolic
forms [7] and possess properties that mitigate the effects of cancer and oxidative stress [8].
Aliphatic GSLs, such as synegrins, are common and have many valuable properties, includ-
ing anticancer, antibacterial, antifungal, antioxidant, anti-inflammatory, wound healing,
and biofouling mechanisms [9]. In addition to their anticancer and antibacterial properties,
allyl isothiocyanate and sulforaphane have anticancer, antibacterial [10], antifungal [11],
and anti-inflammatory properties [5].

B. nigra, as one of the brassica plants, has antidiabetic characteristics [12] and anti-
convulsant properties [13], promotes and improves blood flow [14], reduces the risk of
cardiovascular illness [15,16], and activates antioxidant enzymes, which in turn promotes
immune cells [17], while simultaneously exhibiting antiproliferative [18] and antibacte-
rial properties [19]. Sprouts have many health benefits, including their abundance of
antioxidant-rich phenolics and non-phenolics, which have only recently been revealed [20],
as well as GSL capacities to engage in ultra-extreme scavenging activity [21]. Thus, nu-
trients are more concentrated in immature, sprouted seeds and greens than in older, ripe
seeds. Researchers and practitioners from all over the globe have started paying attention
to this plant as its popularity as a functional food has grown [22]. Regardless of their
nutritional importance, B. nigra seeds are rarely examined. Because of its high nutrient
content, sprout consumption has risen in Western Europe [23]. The high levels of protein,
polyunsaturated fatty acids, vitamins, and minerals in the sprout give the impression that
it is more nutritious than the seed [23]. Sprouted meals facilitate the digestion of proteins,
carbohydrates, and lipids by activating enzymes [23]. B. nigra sprouts have cancer preven-
tion and [24] treatment activity [25] in several organs. They are of interest to those who are
looking to limit sugar accumulation because they can either block or delay the digestion of
carbohydrates by employing enzymes like α-glucosidase [26], inhibiting endothelial cell
inflammatory responses and hence decreasing the generation of advanced glycation end
products [27], as well as enhancing insulin resistance [28].

Conversely, the importance of sprouts from related seeds in heart-related illnesses
has been confirmed by in vitro and in vivo research [29]; they reduce cholesterol levels
in the liver [30], improve cholesterol metabolism while decreasing signs of oxidative
stress [31], alleviate long-term inflammation [32], decrease the prevalence of viruses [33],
and possess stress-relieving and anti-atherosclerotic properties [34]. Recent research in rats
has demonstrated that B. nigra spouts can enhance the immune system’s ability to fight
off CYP-induced immunosuppression [35] and exhibit nephroprotection efficiency [36];
however, research on their nephroprotective and hepatoprotective effects is still in its early
stages. Research has shown that B. nigra has a wide variety of pharmacological properties,
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including antioxidant, anti-inflammatory, antiepileptic, and antidiabetic properties. Brassica
rapa also has hypolipidemic, immunological, anti-inflammatory, anti-obesity, antidiabetic,
hepatoprotective, nephroprotective, lung-protective, and mutagenic [37] effects, among
others [11,37]. However, to the best of our knowledge, this study is the first to investigate
the hepatoprotective and nephroprotective activity of B. nigra sprouts in CYP-induced
toxicity in rats. A better understanding of brassica sprouts’ nutritional, therapeutical, and
versatile benefits may make them more significant in supporting health. BNSE sprouts may
improve our health and support a more sustainable food system.

Consequently, the present study set out to examine whether or not a hydroalcoholic
extract of B. nigra had any nephroprotective or hepatoprotective effects in rats. Achieving
this required the preparation of B. nigra sprouts in a controlled environment and the
monitoring of bioactive chemicals throughout the sprouting process. Next, biomarkers
for the liver and kidneys were used to evaluate the biological efficacy of a hydroalcoholic
extract produced from the finest B. nigra sprouts.

2. Materials and Methods
2.1. Raw B. nigra Seeds

The Brassica seeds (Brassica nigra L.) were bought from True Leaf Market, an online
garden center (www.trueleafmarket.com) accessed on 22 February 2023. Until needed,
two kilos of unadulterated seeds were preserved in a dry and cool place.

2.2. B. nigra Sample Preparation and Sprouting

Before examination, the raw mustard seeds were passed through stainless-steel sieves
to eliminate dust or extraneous elements. Following a 2 min soak in a 2% sodium hypochlo-
rite solution, the seeds were superficially cleaned and then sprouted in 50 g batches
following the protocol of Barakat et al. [38]. The seed germination process was conducted
in a climate-controlled environment with a relative humidity of 90% and a temperature of
17 ± 1 ◦C, using an atomizer from EasyGreen, model EGL 50, Elvington, UK. The sprouts
of B. nigra were quickly frozen at −18 ± 1 ◦C and then subjected to lyophilization for 96 h
at −48 ◦C (CHRISTMALPHA 1-2 LD plus, Osterode am Harz, Germany) and 0.032 mbar.
Secondly, to conduct the in vivo biological evaluation of the B. nigra sprouts, 2 kg of stalks
were sprouted independently under the same conditions for 6 days. They were then dried
gradually according to a 24 h drying program, crushed, sieved, and extracted [38]. The
B. nigra sprout hydroalcoholic extract (BNSE) was prepared by extracting around 500 g of
sprouts three times with 2500 mL of 50% ethanol. The filtered extract was concentrated
using a rotary evaporator while the solvent was evaporated at 40 ◦C. Then, it was freeze-
dried for 96 h at −52 ◦C and 0.032 mbar [39]. The freeze-dried extract was dissolved in a
normal saline solution for rat treatment, and the doses were calculated depending on the
rat’s body weight, as mentioned below.

2.3. Rat Experiment Design

In this study, 32 adult male Wistar albino rats weighing 180–200 g and aged 6–8 weeks
were used. This research was approved by Qassim University’s Institutional Animal Ethics
Committee (IAEC) (Approval No. 23-19-08, Monday, 5 January 2023). For rat adaptation,
the animals were housed in air-conditioned polypropylene cages at 24 ± 1 ◦C for one week,
with free access to commercial feed and water ad libitum under a 12 h light/darkness cycle.
Four groups, with eight rats in each, were examined in the experiment. G1 comprised normal
rats (NR) that received normal saline by oral gavage daily. A dose of 250 mg CYP kg−1

body weight (bw) was freshly prepared and injected intraperitoneally (i.p.) in groups G2, G3,
and G4 [35]. G2: CYP, injected with CYP and did not receive any treatment, only receiving
normal saline by oral gavage daily; CYP + BNSE250, injected with CYP and administrated
250 mg kg−1 bw by oral gavage daily; and CYP + BNSE500, injected with CYP and adminis-
trated 500 mg kg−1 bw by oral gavage daily for three weeks. The body weight was measured
for each rat weekly for relative weight gain calculation. For the various biochemical examina-

www.trueleafmarket.com
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tions, the rats were anesthetized (intramuscular injection of ketamine/xylazine hydrochloride
mix (80/10 v:v)) at the end of 3 weeks. At 24 h after the last dose of BNSE, blood samples were
collected, and the serum was separated by centrifugation for 30 min at 4000 rpm under 10 ◦C.

2.3.1. Estimation of the Relative Weight of the Liver, Kidneys, and Spleen

Three rats from each group were cervically dislocated after anesthetizing and blood
sampling. Before computing the relative weight, the liver, kidneys, and spleen were
carefully removed and weighed on a precise scale.

2.3.2. Determination of Lipid Profile and Atherogenic Index

The lipid profile, including triglycerides (TG, mg dL−1) and total cholesterol
(TC, mg dL−1), was examined using an enzymatic colorimetric test kit based on the GPO-
PAP method [40]. High-density lipoprotein cholesterol (HDL-c, mg dL−1) was quantified
with an enzymatic colorimetric direct homogeneous assay kit in accordance with the man-
ufacturer’s instructions [41]. Low-density lipoprotein cholesterol (LDL-c, mg dL−1) and
very-low-density lipoprotein cholesterol (VLDL-c, mg dL−1) were computed numerically
in accordance with Friedewald et al. [42]. The atherogenic index (AI), an essential predictor
of atherosclerosis that reflects the ratio of TG and HDL-c [43], was calculated following the
formula Log10 (TG/HDL-c).

2.3.3. Determination of Liver and Kidney Function

The liver’s function was assessed by measuring the alanine aminotransferase (ALT,
UL−1), aspartate aminotransferase (AST, UL−1), alkaline phosphatase (ALP, UL−1), and
total bilirubin (T.B., mg dL−1) in the blood serum using specific kits: an alanine amino-
transferase kit (EC 2.6.1.2), aspartate aminotransferase kit (EC 2.6.1.1), optimum alkaline
kit (EC 3.1.3.1), and photometric test kits for total bilirubin. The concentrations of total
protein (T.P., g dL−1), albumin (g dL−1), creatinine (mg dL−1), and urea (mg dL−1) were
measured using photometric and colorimetric test kits, employing the Biuret method for to-
tal protein, the BCG method for albumin, and a fully enzymatic test kit utilizing the GLDH
method, following the manufacturer’s instructions. Globulin (g dL−1) was determined by
subtracting albumin from the total protein quantities. Blood urea nitrogen (BUN, mg dL−1)
was determined by multiplying the urea concentration by 0.47. All biochemical testing kits
were acquired from Human Co., Wiesbaden, Germany. All kits were transported under
cooling conditions and handled following the manufacturer’s instructions.

2.4. Statistical Analysis

Statistical analysis was conducted using SPSS (Version 22.0 for Windows, IBM, Houston,
TX, USA). Experimental findings were presented as the mean ± SE. Statistical significance
was assessed using one-way ANOVA followed by a post hoc test, with p-values < 0.05, as per
Steel et al. [44].

3. Results and Discussion
3.1. Effect of B. nigra Sprout Extracts on Weight Gain % and Organs’ Relative Weight

The percentage of weight increase and the relative organ weight in rats with CYP-induced
immunosuppression are shown in Table 1. The rats’ weights decreased directly after the CYP
injection in the first week, but the treated groups’ weights decreased less toward the end of
the experiment. The rats’ weights were best restored by 500 mg kg−1 BNSE. Low-dose BNSE
was the least effective weight gain booster compared to NR. Weight recovery was associated
dose-dependently with the BNSE content. Table 1 shows the immunosuppressive effects of
CYP, a clinical chemotherapeutic drug, including weight loss and organ weight decreases.
Liver and nephrotoxicity may ensue from its cytotoxicity [45–47].
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Table 1. Weight gain % and organ weights of rats with CYP-induced immunosuppression when fed
different doses of B. nigra sprout extract (mean ± SE), n = 8.

Item
Group *

NR CYP CYP + BNSE250 CYP + BNSE500

Initial BW (g) 177.61 ± 5.15 173.08 ± 4.27 179.12 ± 6.72 175.18 ± 5.01
Final BW (g) 207.56 ± 4.65 162.42 ± 4.18 187.28 ± 5.67 201.38 ± 4.21
BW gain % 16.86 ± 1.13 a −6.36 ± 1.21 d 4.56 ± 1.07 c 14.96 ± 2.11 b

Liver weight % 4.78 ± 0.38 a 3.73 ± 0.15 b 4.86 ± 0.40 a 5.20 ± 0.55 a

Kidney weight % 0.83 ± 0.05 a 0.77 ± 0.01 b 0.79 ± 0.08 ab 0.81 ± 0.03 ab

Spleen weight % 0.29 ± 0.03 a 0.25 ± 0.05 a 0.30 ± 0.07 a 0.34 ± 0.08 a

SE: standard error; *: for experimental groups, see Materials and Methods; BW: body weight; a,b,c and d: no
significant difference (p > 0.05) between any two means within the same row with similar superscripted letters.

Notable enhancements were observed in the relative organ weight percentages of the
kidneys, liver, and spleen following the administration of BNSE at dosages of 250 and
500 mg kg−1, particularly at 500 mg kg−1. The weights of the liver and kidneys exhibited
considerable variation among all groups. The BNSE group at 500 mg kg−1 exhibited the
most significant liver weight, whereas the CPY-treated rat group displayed the lowest
liver weight, with a statistically significant difference (p < 0.05). Likewise, the kidney
and spleen weights were influenced by CYP injection. A substantial disparity in their
weights and a high dosage of BNSE were noted. Evidence suggests that brassica plants
can positively affect weight gain in rats through various mechanisms, such as bioactive
compounds’ presence and gut microbiota modulation [48,49]. These findings highlight the
potential of brassica vegetables as a beneficial component of the diet, aimed at promoting
healthy weight gain and overall metabolic health. Further research is needed to explore the
implications of these findings for human nutrition and dietary recommendations.

3.2. The Hypolipidemic Effects of B. nigra Sprout Extract

Table 2 reveals that 250 and 500 mg kg−1 BNSE had hypolipidemic effects in rats with
CYP-induced immunosuppression. TG, CHO, LDL-c, and VLDL-c increased significantly
(p < 0.05) in immunosuppressed rats treated with CYP. The CYP injection drastically
lowered the HDL levels in rats. BNSE at 250 and 500 mg kg−1 bw significantly attenuated
the TG, CHO, LDL-c, and VLDL-c levels compared to the NR and CYP groups. The blood
profile improved more significantly with 500 mg kg−1 BNSE than with 250 mg kg−1. At
250 and 500 mg kg−1, BNSE reduced TG by 34.92 and 46.10% in rats. HDL-c rose by 27.15
and 38.84% with 250 and 500 mg kg−1 BNSE. BNSE at 250 and 500 kg−1 lowered LDL-c to
65.65 and 65.38%. Dose-dependent VLDL-c improved. BNSE 500 mg kg−1 reduced VLDL-c
by 46.10% more than CYP.

Table 2. Effects of B. nigra sprout extract at different doses on lipid profile parameters in rats with
CYP-induced immunosuppression (mean ± SE), n = 8.

Group *
Lipid Profile Parameter (mg dL−1)

TG CHO HDL-C LDL-C VLDL-C

NR 82.53 ± 4.13 c 102.52 ± 5.19 b 48.16 ± 4.87 a 37.85 ± 5.80 b 16.51 ± 1.14 c

CYP 149.34 ± 5.18 a 161.15 ± 9.28 a 33.19 ± 3.59 c 98.09 ± 12.37 a 29.87 ± 2.12 a

CYP + BNSE250 97.19 ± 7.09 b 95.28 ± 3.19 b 42.19 ± 4.15 b 33.69 ± 2.17 b 19.43 ± 2.01 b

CYP + BNSE500 80.49 ± 2.19 c 96.14 ± 6.07 b 46.08 ± 1.89 a 33.96 ± 3.94 b 16.10 ± 1.03 c

*: for experimental groups, see Materials and Methods; TG: triglycerides; CHO: total cholesterol; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C: very low-density lipoprotein
cholesterol; a, b and c: no significant difference (p > 0.05) between any two means within the same column with
the same superscripted letters.
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BNSE dramatically reduced and improved the total glycerides, cholesterol, and its
derivatives. These results can be interpreted based on the phytochemicals found in BNSE,
as analyzed in another part of this study [35]. It may operate as a hyperlipidemic and
hypercholesterolemic agent, which is entirely consistent with Lee et al. [50], who employed
a B. juncea leaf extract to examine fat accumulation and lipid profiles. The current evidence
suggests that B. nigra sprout extract may be used to treat dyslipidemia; however, the
mechanisms remain to be studied.

3.3. Effect of B. nigra Sprout Extract on the Atherogenic Index

The efficacy of BNSE at 250 and 500 mg kg−1 on the AI in rats with CYP-induced im-
munosuppression was assessed; the results are depicted in Figure 1. The AI was markedly
elevated following CYP injection in the CYP group compared to the NR group. The most
effective treatment in reducing atherogenicity complications was BNSE at 500 mg kg−1

CYP + BNSE500, which showed greater efficacy than when applying BNSE at 250 mg kg−1

(CYP + BNSE250). Lee et al. [50] suggested that the phytochemicals in BNSE demonstrate
hyperlipidemic and hypercholesterolemic effects on fat accumulation and lipid profiles.
Consequently, the AI may be enhanced as B. nigra sprout extract demonstrates clinical
efficacy in the treatment of dyslipidemia.
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munosuppression (mean ± SE), n = 8. a,b, and c: bars not sharing similar letters differed significantly
(p > 0.05), for experimental groups, see Materials and Methods.

3.4. Effects of B. nigra Sprout Extract on Liver Function

Table 3 shows how the BN extract at 250 and 500 mg kg−1 affected the liver function
of CYP-induced immunosuppressed rats. In G2 rats, CYP injection significantly (p < 0.05)
increased the serum ALT, AST, and ALP enzyme levels compared to the NR group. The
T.B. levels increased considerably in CYP-treated rats (Table 3). The administration of
BNSE at 250 or 500 mg kg−1 improved the liver function in a dose-dependent manner.
A higher dose of BNSE was more effective than a smaller dose in restoring liver func-
tion changes caused by CYP injection to near-normal levels in NR (Table 3). Comparing
the lower dose of 250 mg kg−1 of BNSE to 500 mg kg−1 revealed that administering
250 mg kg−1 reduced ALT by 28.92%, versus 33.36 when 500 mg kg−1 was given. A similar
pattern was seen in AST, with 19.44% found for BNSE at 250 mg kg−1 and 34.93% for
BNSE at 500 mg kg−1. Regarding ALP, BNSE at 250 and 500 mg kg−1 showed higher
efficiency. A 38.73% improvement was observed with BNSE at 500 mg kg−1. The best
treatment was BNSE at 500 mg kg−1, which significantly (p < 0.05) improved the liver
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enzymes (as measured by ALT, AST, and ALP) and several liver functions, such as T.B., in a
dose-dependent manner. The T.P., albumin, and globulin levels were considerably lower in
CYP-treated rats (Table 3). High dosages of BNSE significantly (p < 0.05) boosted the T.P.,
albumin, and globulin levels in BNSE-treated rats, bringing them close to or beyond the
usual values (Table 3). Compared to the NR group, the most efficient improvement was
achieved with BNSE at 500 mg kg−1, which outperformed 250 mg kg−1.

Table 3. Effects of B. nigra sprout extract at different doses on liver function in rats with CYP-induced
immunosuppression (mean ± SE), n = 8.

Group *
Liver Function

ALT (UL−1) AST (UL−1) ALP (UL−1) T. Bili (mg dL−1)

NR 76.27 ± 6.14 c 102.54 ± 6.15 c 85.19 ± 4.89 b 0.72 ± 0.09 bc

CYP 128.27 ± 12.73 a 151.03 ± 17.25 a 142.28 ± 8.51 a 1.21 ± 0.19 a

CYP + BNSE250 91.18 ± 7.98 b 121.67 ± 9.17 b 94.28 ± 9.17 b 0.97 ± 0.12 ab

CYP + BNSE500 85.48 ± 5.13 bc 98.27 ± 8.27 c 87.17 ± 8.11 b 0.82 ± 0.08 bc

Group * T.P. (g dL−1) Albumin (g dL−1) Globulin (g dL−1)

NR 10.02 ± 0.23 a 5.71 ± 0.31 a 4.31 ± 0.21 b

CYP 8.09 ± 0.23 c 4.87 ± 0.09 c 3.22 ± 0.18 c

CYP + BNSE250 9.24 ± 0.41 b 5.11 ± 0.24 b 4.13 ± 0.42 b

CYP + BNSE500 10.41 ± 0.32 a 4.99 ± 0.47 b 5.42 ± 0.35 a

*: for experimental groups, see Materials and Methods, a, b, and c: no significant difference (p > 0.05) between
any means within the same column with the same superscripted letters. ALT: alanine aminotransferase; AST:
aspartate aminotransferase; ALP: alkaline phosphatase; T. Bili: total bilirubin.

On the other hand, bile acid production is vital in the hepatic regulation of choles-
terol homeostasis and cholesterol catabolism. Bilirubin is considered a physiologically
important antioxidant [51], with beneficial effects at mildly elevated concentrations, and
can neutralize ROS and prevent oxidative damage [52,53]. Recent studies have found that
bilirubin helps to suppress immune reactions and enables prolonged tolerance to islet
transplantation in diabetes [54]. These findings may potentially explain the increase in total
bilirubin as a protective mechanism of the body against CYP free radicals. Interestingly,
BNSE attenuated the T.B. levels to be consistent with those of the NR group, as simi-
larly indicated by El-Dreny [55]. CYP reduces liver functioning and antioxidant enzymes
while dramatically boosting liver enzyme levels, according to Golmohammadi et al. [45].
Our findings were consistent with Rajamurugan et al. [56], who discovered that a crude
methanol extract of B. nigra leaf had no intrinsic toxicity and provided hepatoprotection
against D-GalN-induced toxicity in rats. This could be due to its high phytochemical and
bioactive compound concentrations [57]. As a result, BNSE can act as an antioxidant in
acute liver injury. Interestingly, BNSE reduced the lipid peroxide levels to near-normal
levels. It also lowered NO overproduction in rat hepatocytes, often connected to a lack of
cytochrome P450 and damage [58].

3.5. Effects of B. nigra Sprout Extract on Kidney Function

Table 4 shows the nephroprotective effectiveness of BNSE at 250 and 500 mg kg−1 on
the kidney function of CYP-induced immunosuppressed rats. CYP injection significantly
increased (p < 0.05) the blood creatinine, urea, and BUN levels in the CYP group rats
compared to the NR group, which is in line with the findings of Golmohammadi et al. [45].
High doses of BNSE significantly (p < 0.05) reduced the changes in creatinine, urea, and
BUN produced by CYP injection. The creatinine, urea, and BUN levels were all reduced in a
dose-dependent manner after receiving 250 and 500 mg kg−1 of BNSE. When the lower and
higher doses were compared, creatinine was decreased by 18.31 and 35.92%, respectively.
A similar pattern was seen in the urea level, with BNSE showing values of 31.18 and 51.25%
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at 250 and 500 mg kg−1, respectively. A more than 50% improvement in BUN was seen
when rats were administered BNSE at 500 mg kg−1.

Table 4. Effects of B. nigra sprout extract at different doses on kidney functions in rats with CYP-
induced immunosuppression (mean ± SE), n = 8.

Group *
Kidney Function

Creatinine (mg dL−1) Urea (mg dL−1) BUN (mg dL−1)

NR 0.86 ± 0.09 c 36.14 ± 3.58 c 16.98 ± 4.28 c

CYP 1.42 ± 0.13 a 72.28 ± 5.24 a 33.97 ± 3.55 a

CYP + BNSE250 1.16 ± 0.45 b 49.74 ± 3.89 b 23.37 ± 3.01 b

CYP + BNSE500 0.91 ± 0.11 bc 35.24 ± 5.96 c 16.58 ± 3.69 c

*: for experimental groups, see Materials and Methods. BUN: blood urea nitrogen; a, b, and c: no significant
difference (p > 0.05) between any two means within the same column with the same superscripted letters.

Indeed, CYP decreased renal performance and antioxidant enzyme activity, and it
significantly increased (p < 0.05) the blood urea nitrogen–creatinine (BUN-Cr), malondi-
aldehyde, nuclear factor kappa β (NF-kB), and interleukin 1 beta (IL-1B) concentrations
in the study performed by Golmohammadi et al. [45]. Moreover, the obtained results
were in line with Rajamurugan et al. [56], who indicated that a crude methanol extract of
B. nigra leaf lacked inherent toxicity and exhibited hepatoprotective effects against D-GalN-
induced toxicity in rats. This could be owing to its higher concentrations of phytochemicals
and bioactive compounds, as evaluated by Tian and Deng. [57]. In the same year, Al-
Qady and Shaban [59] confirmed the protective effect of a B. nigra seed extract against the
physiological and histological effects of captopril on the rat kidney.

More clinical trials are required before the present work can be applied to humans,
because this work was only conducted on experimental rats. Sprouts are a common culinary
ingredient, but there is now sufficient evidence to support claims about their functional
and physiological benefits. In addition, our previous research has shown that sprouting
seeds increases their bioactive content and provides more health advantages than other
methods [49,60–63]. However, additional laboratory and clinical trial research is necessary
before any broad recommendations can be made based on the obtained findings.

4. Conclusions

Four experimental groups of rats were tested for BNSE’s hypolipidemic, hepatopro-
tective, and nephroprotective effects in cyclophosphamide-induced toxicity. The hydroal-
coholic extraction of lab-grown B. nigra sprouts was carried out. BNSE at 500 mg kg−1

restored rats’ weights best after 3 weeks of oral therapy. In the hypolipidemic efficiency
test, BNSE at 250 and 500 mg kg−1 significantly (p < 0.05) attenuated the TG, CHO, LDL-c,
and VLDL-c levels in the CYP group. The atherogenicity was best improved when 500 mg
kg−1 BNSE was applied compared to both the NR and CYP groups. The hepatoprotection
and nephroprotection of BNSE led to improvements in liver and kidney function. The most
effective amount of BNSE was 500 mg kg−1, surpassing 250 mg kg−1 in the CYP + BNSE250
group. Considering its hypolipidemic, hepatoprotective, and nephroprotective properties,
BNSE may be helpful in disease treatment, but further clinical studies are recommended.
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25. Drozdowska, M.; Leszczyńska, T.; Koronowicz, A.; Piasna-Słupecka, E.; Domagała, D.; Kusznierewicz, B. Young Shoots of Red

Cabbage Are a Better Source of Selected Nutrients and Glucosinolates in Comparison to the Vegetable at Full Maturity. Eur. Food
Res. Technol. 2020, 246, 2505–2515. [CrossRef]

https://doi.org/10.3390/ijms21061998
https://www.ncbi.nlm.nih.gov/pubmed/32183429
https://doi.org/10.3390/agronomy9120820
https://doi.org/10.3390/bioengineering9090470
https://www.ncbi.nlm.nih.gov/pubmed/36135016
https://doi.org/10.1007/s11101-015-9414-4
https://doi.org/10.1016/j.phrs.2007.01.009
https://doi.org/10.3390/molecules21040416
https://doi.org/10.1080/10496475.2023.2269372
https://doi.org/10.1016/j.foodchem.2023.137222
https://doi.org/10.1055/s-2008-1080917
https://www.ncbi.nlm.nih.gov/pubmed/18726874
https://doi.org/10.3390/molecules16010251
https://doi.org/10.11648/j.ajac.20160404.17
https://doi.org/10.1111/j.1365-2621.1979.tb03807.x
https://doi.org/10.1016/j.foodchem.2016.01.063
https://doi.org/10.3390/molecules24010133
https://doi.org/10.1016/j.lwt.2005.08.003
https://doi.org/10.2174/156800906776056509
https://www.ncbi.nlm.nih.gov/pubmed/16529543
https://doi.org/10.1007/s00217-020-03593-x


Metabolites 2024, 14, 690 10 of 11

26. Bao, T.; Wang, Y.; Li, Y.-T.; Gowd, V.; Niu, X.-H.; Yang, H.-Y.; Chen, L.-S.; Chen, W. Antioxidant and Antidiabetic Properties of
Tartary Buckwheat Rice Flavonoids after in Vitro Digestion. J. Zhejiang Univ.. Sci. B 2016, 17, 941. [CrossRef] [PubMed]

27. Goldin, A.; Beckman, J.A.; Schmidt, A.M.; Creager, M.A. Advanced Glycation End Products: Sparking the Development of
Diabetic Vascular Injury. Circulation 2006, 114, 597–605. [CrossRef] [PubMed]

28. Conzatti, A.; da Silva Fróes, F.C.T.; Perry, I.D.S.; de Souza, C.G. Clinical and Molecular Evidence of the Consumption of Broccoli,
Glucoraphanin and Sulforaphane in Humans. Nutr. Hosp. 2015, 31, 559–569.

29. Lin, L.-Y.; Peng, C.-C.; Yang, Y.-L.; Peng, R.Y. Optimization of Bioactive Compounds in Buckwheat Sprouts and Their Effect on
Blood Cholesterol in Hamsters. J. Agric. Food Chem. 2008, 56, 1216–1223. [CrossRef] [PubMed]

30. Torres, I.; Arciniega, M.L.; Vázquez, M.M. Two Glucosinolates and Their Effects Related to the Prevention of Cholesterol
Gallstones: A Review. Bol. Latinoam. Caribe Plantas Med. 2014, 13, 1–9.

31. Murashima, M.; Watanabe, S.; Zhuo, X.G.; Uehara, M.; Kurashige, A. Phase 1 Study of Multiple Biomarkers for Metabolism and
Oxidative Stress after One-Week Intake of Broccoli Sprouts. Biofactors 2004, 22, 271–275. [CrossRef]

32. López-Chillón, M.T.; Carazo-Díaz, C.; Prieto-Merino, D.; Zafrilla, P.; Moreno, D.A.; Villaño, D. Effects of Long-Term Consumption
of Broccoli Sprouts on Inflammatory Markers in Overweight Subjects. Clin. Nutr. 2019, 38, 745–752. [CrossRef]

33. Noah, T.L.; Zhang, H.; Zhou, H.; Glista-Baker, E.; Müller, L.; Bauer, R.N.; Meyer, M.; Murphy, P.C.; Jones, S.; Letang, B. Effect of
Broccoli Sprouts on Nasal Response to Live Attenuated Influenza Virus in Smokers: A Randomized, Double-Blind Study. PLoS
ONE 2014, 9, e98671. [CrossRef] [PubMed]

34. Jain, P.; Ghodke, M.S. Advances and Perspectives of Gamma-Aminobutyric Acid as a Bioactive Compound in Food. In Bioactive
Natural Products for Pharmaceutical Applications. Advanced Structured Materials; Pal, D., Nayak, A.K., Eds.; Springer: Cham,
Switzerland, 2021; Volume 140, pp. 819–843.

35. Barakat, H.; Alkhurayji, R.I.; Aljutaily, T. Immune-Boosting Potentiating Properties of Brassica nigra Hydroalcoholic Extract in
Cyclophosphamide-Induced Immunosuppression in Rats. Foods 2023, 12, 3652. [CrossRef] [PubMed]

36. Aljutaily, T.; Almutairi, S.M.; Alharbi, H.F. The Nephroprotective Potential of Brassica nigra Sprout Hydroalcoholic Extract against
Carbon Tetrachloride-Induced Renal Toxicity in Rats. Foods 2023, 12, 3906. [CrossRef] [PubMed]

37. Bassetti, N.; Caarls, L.; Bouwmeester, K.; Verbaarschot, P.; van Eijden, E.; Zwaan, B.J.; Bonnema, G.; Schranz, M.E.; Fatouros, N.E.
A Butterfly Egg-Killing Hypersensitive Response in Brassica nigra is Controlled by a Single Locus, Pek, Containing a Cluster of
Tir-Nbs-Lrr Receptor Genes. Plant Cell Environ. 2024, 47, 1009–1022. [CrossRef] [PubMed]

38. Barakat, H.; Spielvogel, A.; Hassan, M.; El-Desouky, A.; El-Mansy, H.; Rath, F.; Meyer, V.; Stahl, U. The Antifungal Protein Afp
from Aspergillus giganteus Prevents Secondary Growth of Different Fusarium Species on Barley. Appl. Microbiol. Biotechnol. 2010,
87, 617–624. [CrossRef]

39. Alharbi, Y.M.; Sakr, S.S.; Albarrak, S.M.; Almundarij, T.I.; Barakat, H.; Hassan, M.F.Y. Antioxidative, Antidiabetic, and Hypolipi-
demic Properties of Probiotic-Enriched Fermented Camel Milk Combined with Salvia officinalis Leaves Hydroalcoholic Extract in
Streptozotocin-Induced Diabetes in Rats. Antioxidants 2022, 11, 668. [CrossRef]

40. Stein, E.A.; Myers, G.L. National Cholesterol Education Program Recommendations for Triglyceride Measurement: Executive
Summary. The National Cholesterol Education Program Working Group on Lipoprotein Measurement. Clin. Chem. 1995, 41,
1421–1426. [CrossRef]

41. McNamara, J.R.; Leary, E.T.; Ceriotti, F.; Boersma-Cobbaert, C.M.; Cole, T.G.; Hassemer, D.J.; Nakamura, M.; Packard, C.J.;
Seccombe, D.W.; Kimberly, M.M. Point Status of Lipid and Lipoprotein Standardization. Clin. Chem. 1997, 43, 1306–1310.
[CrossRef]

42. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the Concentration of Low-Density Lipoprotein Cholesterol in Plasma,
without Use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef]

43. Nwagha, U.; Ikekpeazu, E.; Ejezie, F.; Neboh, E.; Maduka, I. Atherogenic Index of Plasma as Useful Predictor of Cardiovascular
Risk among Postmenopausal Women in Enugu, Nigeria. Afri. Health Sci. 2010, 10, 248–252.

44. Steel, R. Analysis of Variance II: Multiway Classifications; McGraw-Hill: New York, NY, USA, 1997; pp. 204–252.
45. Golmohammadi, M.G.; Banaei, S.; Timar, M.; Abedi, A. Saponin Protects against Cyclophosphamide-Induced Kidney and Liver

Damage Via Antioxidant and Anti-Inflammatory Actions. Physiol. Int. 2023, 110, 108–120. [CrossRef] [PubMed]
46. Zhang, J.; Gao, S.; Li, H.; Cao, M.; Li, W.; Liu, X. Immunomodulatory Effects of Selenium-Enriched Peptides from Soybean in

Cyclophosphamide-Induced Immunosuppressed Mice. Food Sci. Nutr. Res. Revi. 2021, 9, 6322–6334. [CrossRef] [PubMed]
47. Wang, Y.; Qi, Q.; Li, A.; Yang, M.; Huang, W.; Xu, H.; Zhao, Z.; Li, S. Immuno-Enhancement Effects of Yifei Tongluo Granules on

Cyclophosphamide-Induced Immunosuppression in Balb/C Mice. J. Ethnopharmacol. 2016, 194, 72–82. [CrossRef] [PubMed]
48. Hasan, K.M.M.; Tamanna, N.; Haque, M.A. Biochemical and Histopathological Profiling of Wistar Rat Treated with Brassica napus

as a Supplementary Feed. Food Sci. Hum. Wellness. 2018, 7, 77–82. [CrossRef]
49. Du, C.; Zhao, Y.; Shen, F.; Qian, H. Effect of Brassica rapa L. Polysaccharide on Lewis Lung Cancer Mice by Inflammatory

Regulation and Gut Microbiota Modulation. Foods 2024, 13, 3704. [CrossRef]
50. Lee, J.-J.; Kim, H.A.; Lee, J. The Effects of Brassica juncea L. Leaf Extract on Obesity and Lipid Profiles of Rats Fed a High-Fat/High-

Cholesterol Diet. Nutr. Res. Pract. 2018, 12, 298–306. [CrossRef]
51. Stocker, R.; Yamamoto, Y.; McDonagh, A.F.; Glazer, A.N.; Ames, B.N. Bilirubin Is an Antioxidant of Possible Physiological

Importance. Science 1987, 235, 1043–1046. [CrossRef]

https://doi.org/10.1631/jzus.B1600243
https://www.ncbi.nlm.nih.gov/pubmed/27921399
https://doi.org/10.1161/CIRCULATIONAHA.106.621854
https://www.ncbi.nlm.nih.gov/pubmed/16894049
https://doi.org/10.1021/jf072886x
https://www.ncbi.nlm.nih.gov/pubmed/18217700
https://doi.org/10.1002/biof.5520220154
https://doi.org/10.1016/j.clnu.2018.03.006
https://doi.org/10.1371/journal.pone.0098671
https://www.ncbi.nlm.nih.gov/pubmed/24910991
https://doi.org/10.3390/foods12193652
https://www.ncbi.nlm.nih.gov/pubmed/37835305
https://doi.org/10.3390/foods12213906
https://www.ncbi.nlm.nih.gov/pubmed/37959024
https://doi.org/10.1111/pce.14765
https://www.ncbi.nlm.nih.gov/pubmed/37961842
https://doi.org/10.1007/s00253-010-2508-4
https://doi.org/10.3390/antiox11040668
https://doi.org/10.1093/clinchem/41.10.1421
https://doi.org/10.1093/clinchem/43.8.1306
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1556/2060.2023.00190
https://www.ncbi.nlm.nih.gov/pubmed/37256739
https://doi.org/10.1002/fsn3.2594
https://www.ncbi.nlm.nih.gov/pubmed/34760262
https://doi.org/10.1016/j.jep.2016.08.046
https://www.ncbi.nlm.nih.gov/pubmed/27586820
https://doi.org/10.1016/j.fshw.2017.12.002
https://doi.org/10.3390/foods13223704
https://doi.org/10.4162/nrp.2018.12.4.298
https://doi.org/10.1126/science.3029864


Metabolites 2024, 14, 690 11 of 11

52. Jangi, S.; Otterbein, L.; Robson, S. The Molecular Basis for the Immunomodulatory Activities of Unconjugated Bilirubin. Int. J.
Biochem. Cell Biol. 2013, 45, 2843–2851. [CrossRef]

53. Mao, F.; Zhu, X.; Lu, B.; Li, Y. The Association between Serum Bilirubin Level and Electrochemical Skin Conductance in Chinese
Patients with Type 2 Diabetes. Int. J. Endocrinol. 2018, 2018, 6253170. [CrossRef]

54. Yao, Q.; Jiang, X.; Kou, L.; Samuriwo, A.T.; Xu, H.-L.; Zhao, Y.Z. Pharmacological Actions and Therapeutic Potentials of Bilirubin
in Islet Transplantation for the Treatment of Diabetes. Pharmacol. Res. 2019, 145, 104256. [CrossRef]

55. El-Dreny, E.G. Protective and Treatment Effect of Germinated Turnip Seeds (Brassica rapa L.) and Radish Seeds (Raphanus sativus
L.) against Carbon Tetrachloride-Induced Hepatotoxicity in Rats. Curr. Sci. Int. 2019, 8, 888–897.

56. Rajamurugan, R.; Suyavaran, A.; Selvaganabathy, N.; Ramamurthy, C.H.; Reddy, G.P.; Sujatha, V.; Thirunavukkarasu, C. Brassica
nigra Plays a Remedy Role in Hepatic and Renal Damage. Pharm. Biol. 2012, 50, 1488–1497. [CrossRef] [PubMed]

57. Tian, Y.; Deng, F. Phytochemistry and Biological Activity of Mustard (Brassica juncea): A Review. CyTA—J. Food 2020, 18, 704–718.
[CrossRef]

58. López-García, M.P.; Sanz-González, S.M. Peroxynitrite Generated from Constitutive Nitric Oxide Synthase Mediates the Early
Biochemical Injury in Short-Term Cultured Hepatocytes. FEBS Lett. 2000, 466, 187–191. [CrossRef] [PubMed]

59. Al-Qady, N.M.H.; Shaban, R.K. Physiological and Histological Effect of Captopril on Kidney and the Protective Role of Brassica
nigra Seed Extract in Male Rats. Tikrit J. Pure Sci. 2020, 25, 27–32. [CrossRef]

60. Barakat, H.; Alkabeer, I.A.; Althwab, S.A.; Alfheeaid, H.A.; Alhomaid, R.M.; Almujaydil, M.S.; Almuziree, R.S.; Bushnaq, T.;
Mohamed, A. Nephroprotective Effect of Fennel (Foeniculum vulgare) Seeds and Their Sprouts on Ccl4-Induced Nephrotoxicity
and Oxidative Stress in Rats. Antioxidants 2023, 12, 325. [CrossRef]

61. Al-Qabba, M.M.; El-Mowafy, M.A.; Althwab, S.A.; Alfheeaid, H.A.; Aljutaily, T.; Barakat, H. Phenolic Profile, Antioxidant Activity,
and Ameliorating Efficacy of Chenopodium quinoa Sprouts against CCl4-Induced Oxidative Stress in Rats. Nutrients 2020, 12, 2904.
[CrossRef]

62. Barakat, H.; Alshimali, S.I.; Almutairi, A.S.; Alkhurayji, R.I.; Almutiri, S.M.; Aljutaily, T.; Algheshairy, R.M.; Alhomaid, R.M.;
Aljalis, R.A.; Alkhidhr, M.F. Antioxidative Potential and Ameliorative Effects of Green Lentil (Lens culinaris M.) Sprouts against
CCl4-Induced Oxidative Stress in Rats. Front. Nutr. 2022, 9, 1029793. [CrossRef]

63. Barakat, H.; Al-Qabba, M.M.; Algonaiman, R.; Radhi, K.S.; Almutairi, A.S.; Al Zhrani, M.M.; Mohamed, A. Impact of Sprouting
Process on the Protein Quality of Yellow and Red Quinoa (Chenopodium Quinoa). Molecules 2024, 29, 404. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.biocel.2013.09.014
https://doi.org/10.1155/2018/6253170
https://doi.org/10.1016/j.phrs.2019.104256
https://doi.org/10.3109/13880209.2012.685129
https://www.ncbi.nlm.nih.gov/pubmed/22978659
https://doi.org/10.1080/19476337.2020.1833988
https://doi.org/10.1016/S0014-5793(99)01789-5
https://www.ncbi.nlm.nih.gov/pubmed/10648839
https://doi.org/10.25130/tjps.v25i6.308
https://doi.org/10.3390/antiox12020325
https://doi.org/10.3390/nu12102904
https://doi.org/10.3389/fnut.2022.1029793
https://doi.org/10.3390/molecules29020404

	Introduction 
	Materials and Methods 
	Raw B. nigra Seeds 
	B. nigra Sample Preparation and Sprouting 
	Rat Experiment Design 
	Estimation of the Relative Weight of the Liver, Kidneys, and Spleen 
	Determination of Lipid Profile and Atherogenic Index 
	Determination of Liver and Kidney Function 

	Statistical Analysis 

	Results and Discussion 
	Effect of B. nigra Sprout Extracts on Weight Gain % and Organs’ Relative Weight 
	The Hypolipidemic Effects of B. nigra Sprout Extract 
	Effect of B. nigra Sprout Extract on the Atherogenic Index 
	Effects of B. nigra Sprout Extract on Liver Function 
	Effects of B. nigra Sprout Extract on Kidney Function 

	Conclusions 
	References

