
Vol.:(0123456789)1 3

3 Biotech (2022) 12:112 
https://doi.org/10.1007/s13205-022-03170-x

ORIGINAL ARTICLE

Kidney injury and oxidative damage alleviation by Zingiber officinale: 
pharmacokinetics and protective approach in a combined murine 
model of osteoporosis

Nourhene Zammel1 · Olfa Jedli1 · Tarek Rebai1 · Walid S. Hamadou2 · Salem Elkahoui2 · Arshad Jamal2 · 
Jahoor M. Alam2 · Mohd Adnan2 · Arif J. Siddiqui2 · Mousa M. Alreshidi2 · Houcine Naïli3 · Riadh Badraoui2,4 

Received: 5 January 2022 / Accepted: 19 March 2022 / Published online: 11 April 2022 
© King Abdulaziz City for Science and Technology 2022

Abstract
Ginger (Zingiber officinale) is considered as a nutraceutical spice, which possesses several health promotion and benefits. 
This study was carried out to investigate the phyto-chemical composition, the antioxidant capacities, the drug-likeness, 
and pharmacokinetic properties of ginger extract on kidney injury-associated osteoporosis in rats. Phenolic and flavonoid 
contents were assessed by standard chemical analysis methods and HPLC. In vivo protective effect was based on the use of 
female rats to evaluate the effect on renal injury as a result of combined osteoporosis using biochemical markers, oxidative 
status, and histological analyses. Results showed that ZO contained appreciable amounts of phenolics and flavonoids and 
it exhibited high scavenging activity. Ovariectomy-associated corticotherapy induced severe renal injury marked by altered 
biochemical markers (creatinine, urea, and uric acid), reduced GFR, significative oxidative damage signs, and disrupted 
antioxidant status in the combined osteoporotic rats. The histopathological examination revealed structural modifications of 
kidney tissues. However, all these changes were reversed following the use of ZO. These results confirm the renoprotective 
and antioxidant potential of ginger against renal injuries in osteoporotic rats.
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Introduction

An imbalance between resorption and bone formation could 
occur under pathological conditions, mainly in the case of 
osteoporosis. This metabolic pathology is characterized by 
a reduced skeletal mass associated with microarchitectural 
disruption of the bone (Li et al. 2022; Badraoui et al. 2017; 
Scarano et al. 2016). This could lead to increase of both 

fragility and risk of fracture (Consensus development con-
ference 1993). Osteoporosis has been reported to be asso-
ciated with disturbances in bone metabolism and sex hor-
mones. Reduced bone mass was observed in women during 
menopause due to increased bone resorption phenomenon. 
This reduction in bone mass, due to menstrual disturbances, 
was correlated with renal failure (Díaz López et al. 2003). 
Likewise, kidney tissue appears to be affected by ovariec-
tomy (OVX). The removal of the ovaries reduced estrogen 
levels and increased the incidence of various types of cardio-
vascular and renal disorders (Sayakhot et al. 2011). The risk 
of developing a renal disease increases essentially after men-
opause (Mercantepe et al. 2016). Several renal diseases may 
be considered as consequence of menopause-related oxida-
tive damage. Numerous studies have shown that estrogen 
deficiency was closely related to oxidative stress (Badraoui 
et al. 2007, 2010; Selli et al. 2016). Because of the effect of 
reactive oxygen species (ROS) on mesangial and endothelial 
cells, changes in both morphological structure and function 
of the glomeruli were detected (Badraoui et al. 2012).
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Many therapies for osteoporosis have presented certain 
risks to women's health (Badraoui et al. 2017). For this rea-
son, investigators have developed alternative therapies with 
less undesirable side effects. Based on the findings of pre-
vious studies, this trend resulted in increasing demand for 
the use of nutraceuticals as treatment for various illnesses 
(Mzid et al. 2017; Zammel et al. 2018). Ginger is one of 
the traditional medicinal plants that have been used for over 
200 years as treatments of several diseases. In Ayurveda 
literature, Zingiber officinale was obviously used to improve 
digestion and alleviate constipation and hemorrhoids. ZO 
was also used for as a cardio-protector, analgesic, and anti-
pyretic agent (Dissanayake et al. 2020). It has been used 
to treat arthritis, nausea (Mulia and Wulandari 2021), 
inflammation (Anosike et al. 2009; Zammel et al. 2021b), 
and hepatotoxicity (Vipin et al. 2017). This spice has been 
reported to be effective against nephrotoxicity (Lakshmi and 
Sudhakar 2010). Previous studies sowed that ginger is rich 
in bioactive substances, which display numerous biological 
and pharmacological activities such as antioxidant, anti-
inflammatory, and anti-carcinogenic (Dugasani et al. 2010; 
Shukla and Singh 2007; Zammel et al. 2021b). Mahady et al. 
(2005) reported that ZO was traditionally used as treatment 
for gastro-intestinal disorders. Recently, Gabr et al. (2019) 
reported that the aqueous extract of ZO is able to protect 
kidneys against cadmium-associated nephrotoxicity. Like 
other traditional herbal medicines, ZO has been used alone 
or in combination with others herbs for the treatment of 
osteoporosis (Sakamoto et al. 2000). It could prevent bone 
loss and vertebral injury in OVX rats as shown by Sassa 
et al. (2001) and Zammel et al. (2018). Yijung-tang, a tradi-
tional Asian medicine, which contains ZO and others spices, 
was suggested to inhibit the osteoclastogenesis (Kim et al. 
2013). There are still few studies investigating the effect of 
estrogen deficiency and corticotherapy on renal dysfunction. 
To the best of our knowledge, the effect of ginger on the 
kidney redox system has not yet been studied on OVX rats 
treated with glucocorticoids (GCs). The aim of the present 
investigation was to assess the potential renoprotective and 
antioxidant activities in a well-reproducible rat combined 
model of osteoporosis due to gonadal hormone deficiency 
associated corticotherapy.

Materials and methods

Plant material

Rhizomes of ginger were procured from a local market in 
Sfax (Tunisia). The rhizomes were washed twice with water 
to make them soil free and dried at room temperature. Then, 
they were crushed into a fine powder and dissolved in dis-
tilled water and boiled for 10 min, and cooled and filtered 

using Whatman No.1 filter paper to obtain the aqueous 
extract.

Estimation of total phenolic content

Total polyphenols’ content was assessed by a widely used 
method, Folin–Ciocalteu assay (Singleton and Rossi 1965). 
An aliquot of the extract (50 µL) was mixed with 250 μL of 
Folin–Ciocalteu reagent and then with 500 μL of sodium 
carbonate  (Na2CO3, 20%). The final volume of the solution 
was adjusted to 5 mL with distilled water. The mixture was 
incubated for 30 min at room temperature, and then, the 
absorbance was recorded at 740 nm using spectrophotom-
eter. Gallic acid was used as standard and the total phenol 
content was determined according to the following equation: 

The total phenol level was expressed in mg of gallic acid 
equivalents (GAE)/g of dry extract. The given values repre-
sent the average of three independent measurements.

Determination of total flavonoids’ content

The concentration of flavonoids in the ZO extract was deter-
mined by an aluminum trichloride colorimetric assay, which 
was described by Zhishen (1999). This method is based on 
the use of a standard solution of quercetin. 1 mL of the ZO 
or quercetin extract was added to 4 mL of distilled water in 
the presence of 300 μL of sodium nitrite solution  NaNO2 
(5%). After 5 min, 300 μL of  AlCl3 (10%) were added. 1 min 
later, the reaction mixture was added with 2 mL of NaOH 
(1 M). The final volume was adjusted to 10 mL with distilled 
water and the absorbance was read at 510 nm. The concen-
tration of total flavonoids was assessed from the quercetin 
regression equation: 

Total flavonoid content was presented as mg of quercetin 
equivalents (QE)/g of dry extract. The given values represent 
the average of three measurements.

Antioxidant activity using DPPH method

The diphenyl-2-picrylhydrazyl (DPPH) radical scavenging 
activity of the aqueous extract was assessed according to Ebra-
himzadeh et al. (2008) with slight modifications. The principle 
of this test is to measure the capacity of the antioxidants con-
tained in the extract to reduce the stable radical DPPH (pur-
ple color) to DPPH-H (yellow color) following the transfer of 
hydrogen. This discoloration is proportional to the antioxidant 
activity of the extract. The reaction mixture contains 2 mL of 
the ZO extract and 2 mL of the DPPH solution (100 μM) in 

Y = 14.483x, r2 = 0.9983.

Y = 1.418x, r2 = 0.935.
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ethanol. The mixture was incubated in a dark area for 30 min 
at room temperature. Ascorbic acid was used as a standard. 
The reduction of the free radical DPPH• was measured spec-
trophotometrically at 517 nm. The percent inhibition (PI) of 
radicals was estimated using the following formula: 

where A control is the absorbance of the blank reaction with-
out the extract sample, and A sample is the absorbance of the 
sample in which the reagent reaction includes the extract.

HPLC analysis

The identification of phenolic compounds of ZO aqueous 
extract was carried out using HPLC system (consisting of a 
vacuum degasser, an auto sampler, and a binary pump with a 
maximum pressure of 400 bar; Agilent 1260, Agilent technolo-
gies, Germany) equipped with a reversed phase C18 analyti-
cal column of 4.6 × 100 mm and 3.5 μm particle size (Zorbax 
Eclipse XDB C18). The DAD detector was set to a scanning 
range of 200–400 nm. Column temperature was maintained 
at 25 °C. The injected sample volume was 2 μL and the flow-
rate of mobile phase was 0.4 mL/min. Mobile phase B was 
milli-Q water consisted of 0.1% formic acid and mobile phase 
A was Methanol. The optimized gradient elution was illus-
trated as follows: 0–5 min, 10–20% A; 5–10 min, 20–30% A; 
10–15 min, 30–50% A; 15–20 min, 50–70% A; 20–25 min, 
70–90% A; 25–30 min, 90–50% A; 30–35 min, return to the 
initial conditions. Identification analysis was performed by 
comparison of their retention time with those obtained from 
the extract. For the quantitative analysis, a calibration curve 
was obtained by plotting the peak area against different con-
centrations for each identified compound at 280 nm.

Drug‑likeness and pharmacokinetics of ZO 
compounds

Prediction of the drug-likeness and pharmacokinetics of differ-
ent identified compounds of ZO was performed based on the 
ADMET (absorption, distribution, metabolism, excretion, and 
toxicity) properties as previously described (Badraoui et al. 
2021; Hchicha et al. 2021; Mhadhbi et al. 2022). Bioavailabil-
ity of ZO identified compounds was also assessed based on the 
physico-chemical structures (Badraoui et al. 2021).

Ethics statement

All the animal experiences were conducted following the 
Guidelines for Care and Use of Laboratory Animals of 
Sfax University. Rats were sacrificed using thiopental 
anesthesia and all possible efforts were made to reduce 

PI = [Acontrol − Asample∕Acontrol] × 100

the animal suffering. The experimental procedure was 
approved by the local ethical committee (Medicine Faculty 
of Sfax, 12/ES/15–2018).

Animal material and experimental design

Adult female Wistar rats (180–200 g in weight), aged from 
8 to 10 weeks, were housed in metal cages at 23 ± 2 °C and 
a light dark cycle of 12/12 h. The rats were left to acclima-
tize for 1 week before starting the experimental procedure. 
Animals were fed with a commercial balanced diet (SICO, 
Sfax, Tunisia), and provided water ad libitium. Rats were 
randomly divided into 4 groups each of 6 rats as follows:

– Group 1: Animals were injected intraperitoneally with 
physiological saline solution. This group served as a 
control group (CTRL).

– Group 2: Animals for which we performed bilateral 
ovarian ablation (OVX) and subjected to intramuscu-
lar GC (Cortisol) injections by receiving daily doses 
of 100 mg/kg of body weight. This group represents 
a well-reproducible combined model of osteoporosis 
(CMO) as previously published by Badraoui et  al. 
(2017) and Zammel et al. (2018, 2021a).

– Group 3: Ovariectomized and GC-treated rats, as 
above, received an aqueous extract of ginger (33.33 mg/
kg of body weight) by gavage (CMO + ZO). This group 
will permit to assess the potential effects of this spice 
against kidney disorders as a result of severe osteope-
nia.

– Group 4: Ovariectomized and GC-treated rats, as 
above, received daily intake of calperos (3.16 mg/kg of 
body weight) by gavage (CMO + Clp). Calperos (Clp) 
was used as referenced medicine as it is commonly pre-
scribed in post-menopause osteoporosis.

The treatment was carried out for 2 months. Dose, dura-
tion period, and route of treatment were selected accord-
ing to previous published reports (Zammel et al. 2018, 
2021a). The selected dose was proven to have a potential 
preventive effect against osteoporosis (Zammel et al. 2018, 
2021a).

After 2 months, all rats were sacrificed by cervical decap-
itation. 24 h before sacrifice, rats were kept in metabolic 
cages singly to collect urine samples. Specimens were stored 
at  – 20 °C until used for biochemical study. At sacrifice 
day, blood samples were collected and serum was separated 
by centrifugation (4000 tours/ min for 15 min) and stored 
at  – 80 °C until analyzed. The kidneys were dissected out, 
some of them were immediately fixed in 10% neutral formol 
saline for histopathological investigations, and others were 
used for oxidative stress assessment.
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Biochemical markers in serum and urine

Creatinine, urea, and uric acid were assessed in serum and 
urine samples using commercial reagent kits (Biomaghreb-
Tunis, Tunisia). The kits were used as described by the 
manufacturer’s instructions.

Glomerular filtration rate (GFR), as an index of kidney 
function, was evaluated by calculating creatinine and blood 
urea nitrogen (BUN) clearance, using serum and urine cre-
atinine and BUN concentrations and the urine volume:

Creatinine clearance = (Urine Volume × Concentration of 
Creatinine in urine) / (Concentration of creatinine in serum ×  
Time).

BUN clearance = (Urine Volume × Concentration of BUN 
in urine) / (Concentration of BUN in serum × Time),

where Urine Volume (L), Urine concentration of Creati-
nine and of BUN (mmol/L), Serum concentration of Cre-
atinine and BUN (mmol/L) and Time (min): 1440 = 24 × 60 
(min).

GFR = mean of (Creatinine clearance, BUN clearance).

Oxidative stress testing

Protein content in kidneys was determined using bovine 
serum albumin (standard) as reported in the method of 
Lowry et al. (1951).

MDA quantification

Lipid peroxidation was determined on the kidney homogen-
ate following the method of Draper and Hadley (1990) by 
measuring thiobarbituric acid reactive substances (TBARS). 
Results were presented in terms of malonaldehyde (MDA) 
levels. This detection is based on a reaction in which one 
MDA molecule reacts with two molecules of thiobarbituric 
acid (TBA) resulting in the formation of a red chromogen. 
An aliquot of kidney extract supernatant was mixed with 
1 mL of trichloroacetic acid (TCA, 5%) followed by cen-
trifugation (4000 × g) for 10 min. 500 μL of supernatant was 
collected and mixed with 1 mL of thiobarbituric acid reagent 
(TBA, 0.67%). The mixture was heated for 15 min at 95 °C 
then cooled. MDA content was measured spectrophotometri-
cally at 532 nm. MDA level was expressed in nmoles/mg 
of tissue.

AOPP level measurements

Spectrophotometric determination of advanced oxidation 
protein products (AOPP) was performed following the 
method of Kayali et al. (2006). The reaction mixture con-
tained 1600 μL of phosphate buffer (0.1 M PBS; pH = 7.4), 
and 400 μL and 100 μL of potassium iodide (1.16 M KI). 
After 2 min of incubation, 200 μL of acetic acid was added. 

Chloramine-T was used as standard and the absorbance was 
read at 340 nm, and the AOPP results were expressed as 
µmoles of AOPP/mg of protein.

Determination of antioxidant activities in kidney 
tissues

Determination of superoxide dismutase (SOD) activity was 
effected as previously published (Beauchamp and Fridovich 
1971). One unit of SOD activity was determined as the 
amount of enzyme that inhibited 50% of the NBT reduction. 
The reaction product was assessed spectrophotometrically 
at 560 nm. The SOD activity was expressed as units/mg of 
protein.

Catalase (CAT) activity was evaluated following the 
decrease of the absorbance at 240 nm as a result of the 
enzymatic decomposition of  H2O2 (Aebi 1984). The enzyme 
activity was given as μmoles of  H2O2 consumed/min/mg of 
protein.

Glutathione peroxidase (GPx) activity was measured 
according to the method described by Flohe and Gunzler 
(1984). The principle of this method is based on the con-
version of the oxidized reduced glutathione to the reduced 
form with a concomitant oxidation of NADPH–NADP+. The 
decrease of absorbance was measured spectrophotometri-
cally at 340 nm. GPx activity was expressed as nmoles of 
GSH oxidized/min/mg protein.

Glutathione (GSH) levels were determined according to 
Ellman et al. (1959) modified by Jollow et al. (1974). The 
method was based on the changes in absorbance resulting 
from the conversion of NADPH into NADP. The absorbance 
was measured at 412 nm and the results were expressed as 
μg/g tissue.

Histopathological examination

The kidney samples, serving for the histological examina-
tion, were immediately fixed to avoid any tissue autolysis 
(10% formalin solution). The specimens were processed for 
standard histological procedure, dehydrated in ascending 
series of alcohol, and then embedded in paraffin. Sections 
of 5 μm thickness were subjected to hematoxylin and eosin 
stain (H&E) (Gabe 1968).

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware package. Data were expressed as Mean ± SEM. The 
one-way analysis of variance (ANOVA) was performed and 
followed by Tukey post hoc test for comparison between 
groups. Differences with p < 0.05 were considered statisti-
cally significant.
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Results

Total phenolic and flavonoids contents’ 
determination

The estimation of phenolic content revealed that the aque-
ous extract of ZO contained 95.376 ± 4.162 mg GAE/g 
dry extract. The flavonoids level was found to be around 
230.370 ± 76.918 mg QE/g dry extract (Table 1).

Antiradical activity (DPPH)

Zingiber officinale was tested for its radical scavenging prop-
erty (DPPH assay) (Table 2). The aqueous extract of ZO 
and the used standard (Vit C) showed a powerful antioxi-
dant potential of 71% and 76%, respectively, at a concen-
tration of 2.5 mg/mL. Indeed, the tested extract was able 
to reduce 50% of this radical at a concentration  (IC50) of 
0.35 ± 0.004 mg/mL. Our results showed that  IC50 of DPPH 
of the aqueous extract of ZO was significantly near to that 
of the ascorbic acid (0.146 ± 0.003 mg/mL).

HPLC findings

Figure 1 shows the main results of the HPLC analysis of 
ginger. The evaluation of the obtained phenolic profile 
resulted in the identification of five phenolic compounds. 
In terms of their quantities, these compounds were as fol-
lows; caffeic acid, ferulic acid, rosmarinic acid, amentofla-
vone, and syringic acid. The 1st peak, eluted at 17.23 min, 

indicated that the identified compound is caffeic acid. The 
2nd peak (TR = 17.63 min) corresponded to syringic acid. 
The 3rd peak (TR = 20.27 min) was identified as ferulic 
acid. The corresponding compound identified from the 4th 
peak (TR = 21.78 min) was rosmarinic acid and the 5th 
peak (TR = 26.94 min) was assigned to amentoflavone.

Drug‑likeness and pharmacokinetics of ZO 
phyto‑chemical compounds

The drug-likeness and pharmacokinetics properties of 
the ZO identified compounds are presented in Table 3. 
These parameters are the main criteria used for screen-
ing new drugs and avoid any possible drug failure during 
the clinical phase at the early steps of the drug discovery 
process. Regardless amentoflavone, all the compounds 
were found to meet Lipinski’s rule of five without any 
violation. Another criterion which based on a probabil-
ity value of a molecule to have an optimum profile of 
bioavailability is the bioavailability score (BAS). The 
bioavailability score of the assessed compounds varied 
between 0.17 and 0.85, which indicates their feasibil-
ity to be administered orally. The bioavailability radars 
(Fig. 2A) exhibited the suitability of the assessed com-
pounds for oral bioavailability. While only ferulic acid 
was found to be Blood–Brain Barrier (BBB) permeant, 
none of the phyto-chemical compounds was P-gp sub-
strate. Cytochrome P450 enzymes play a major role in 
drug interaction, metabolism, and excretion inside the 
body. From 57 CYP isoforms, five CYPs (CYPs 3A4, 2D6, 
2C19, 2C9, and 1A2) are responsible for the metabolism 
of more than 80% of clinically used drugs. Inhibition of 
these enzymes may lead to diminishing metabolism of the 
drug resulting in high probability of adverse toxicologi-
cal outcomes. Furthermore, none of the compounds was 
predicted to inhibit the Cytochrome P targeted isomers 
(CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4). 
P-glycoproteins facilitate the transport of drugs, and there-
fore, their inhibition may affect the normal drug trans-
port. High gastro-intestinal (GI) absorption was found 
with caffeic, ferulic, and syringic acids. The boiled-egg 
model (Brain Or IntestinaL EstimateD permeation model) 
confirmed these findings (Fig. 2B). The white region rep-
resented the physico-chemical space of molecules with 
highest probability of being absorbed by the GI tract, and 
the yellow region (yolk) represented the physico-chemical 
space of molecules with highest probability to permeate 
to the brain. Regarding skin permeability values (Kp), a 
more negative values mean lower skin permeability, Kp's 
skin permeability values of the tested compounds ranged 
from -6.01 to -6.82 cm/s indicating moderate-to-low skin 
permeability.

Table 1  Chemical composition of ginger aqueous extract

Values are expressed as mean ± SEM of three independent determina-
tions
ZO Zingiber officinale, GAE gallic acid equivalent, QE quercetin 
equivalent

Extract Phenolic contents (mg 
GAE/g dry extract)

Flavonoids’ contents 
(mg QE/g dry extract)

ZO aqueous extract 95.37 ± 4.16 230.37 ± 76.91

Table 2  DPPH-radical scavenging activities of ginger aqueous extract

Values are expressed as mean ± SEM of three independent determina-
tions
ZO Zingiber officinale, DPPH diphenyl-2-picrylhydrazyl, IC50 50% 
Inhibition concentration

Assay Vitamin C ZO aqueous extract

DPPH  IC50 (mg/mL) 0.146 ± 0.03 0.35 ± 0.004
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Fig. 1  HPLC Chromatographic profiles of standard phenolic compounds and ZO extract. The peak numbers assigned to: (1) caffeic acid; (2) 
syringic acid; (3) ferulic acid; (4) rosmarinic acid; and (5) amentoflavone

Table 3  Lipophilicity, drug-likeness, medicinal chemistry, and pharmacokinetics based on ADMET (for absorption, distribution, metabolism, 
excretion, and toxicity) properties of the major ZO identified compounds

Entry/compound name 1 2 3 4 5
Caffeic acid Ferulic acid Rosmarinic acid Amentoflavone Syringic acid

Lipophilicity/Drug-likeness Molecular weight 180.16 194.18 360.31 538.46 198.17
TPSA (Å2) 77.76 66.76 144.52 181.80 75.99
Consensus Log Po/w 0.93 1.36 1.58 3.62 0.99
Lipinskiˈs Rule Yes Yes Yes No Yes
Bioavailability Score 0.56 0.85 0.56 0.17 0.56

Pharmacokinetics/Medicinal Chemistry GI absorption High High Low Low High
BBB permeant No Yes No No No
P-gp substrate No No No No No
CYP1A2 inhibitor No No No No No
CYP2C19 inhibitor No No No No No
CYP2C9 inhibitor No No No No No
CYP2D6 inhibitor No No No No No
CYP3A4 inhibitor No No No No No
Log Kp (cm/s) − 6.58 − 6.41 − 6.82 − 6.01 − 6.77
Leadlikeness No No No No No
Synthetic accessibility 1.81 1.93 3.38 4.27 1.70
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Body and organ weight

The effect of osteoporosis, due to OVX-associated cor-
ticotherapy, and ginger administration on the body and 
the kidney weights as well as the relative weight of the 
studied animals are shown in Table 4. In CMO group, the 
body weight was significantly increased (p < 0.01) and the 

kidney weight was decreased (p < 0.01) once compared 
with the CTRL rats. However, rats treated either with ZO 
or Clp (p < 0.01) exhibited normal ranges of both body 
and kidney weight as those of the CTRL group. Decreased 
relative weight was highly significant (p < 0.01) in CMO 
group when compared to CTRL group. In comparison with 

Fig. 2  Bioavailability radars (A) and boiled-egg model (plot of 
WLOGP against TPSA, B) for the major ZO identified compounds. 
LIPO lipophilicity, SIZE Molecular size, POLAR Polarity, INSOLU 
Insolubility, INSATU  Insaturation, FLEX Flexibility. The pink-
colored area in the bioavailability radars corresponds to the most suit-

able zone for oral bioavailability. The white- and yellow-colored areas 
in the boiled-egg model correspond to the highest probability of GI 
absorption and BBB permeation according to the physico-chemical 
structures, respectively
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the osteoporotic group, this parameter was significantly 
increased in rats treated with ZO or Clp (Table 4).

Biochemical findings

As shown in Table 5, osteoporotic rats presented significant 
(p < 0.01) higher serum biochemical markers (creatinine, 
urea, and uric acid) once compared with CTRL rats. How-
ever, the administration of either ZO or Clp to rats restored 
back the levels of those markers to near normalcy. Severe 
osteopenia (CMO group) significantly reduced creatinine 
and urea levels and increased uric acid in urine samples 
(p < 0.05). In groups treated with ZO or Clp, significant 
increases (p < 0.01) in creatinine and urea values were 
observed, while uric acid level was found to be reduced 
(p < 0.05).

The effect of OVX and GCs on creatinine clearance and 
GFR is shown in Fig. 3. Significant reduces of creatinine 
clearance (Fig. 3A) and GFR (Fig. 3B) were observed in 
CMO group when compared to CTRL. The use of either ZO 
or Clp tended to mitigate these disruptions in treated groups 
(CMO + ZO and CMO + Clp).

Oxidative stress parameters

Figure 4 shows the influence of osteoporosis and ginger 
administration on oxidative stress and antioxidant defense 
system on rat’s renal tissues. Ovariectomy-associated GCs 
resulted in a significant increase in AOPP (p < 0.05, Fig. 4A) 

and MDA (p < 0.01, Fig. 4B) levels in the kidney tissues 
of CMO rats when compared to CTRL. However, treated 
groups with either ZO or Clp have significantly decreased 
MDA and AOPP (p < 0.01 and p < 0.05, respectively) con-
tents as compared with CMO group (osteoporotic group). 
Furthermore, CMO group exhibited a highly significant 
increase (p < 0.01) of SOD activity in comparison with the 
CTRL group (Fig. 4C). ZO-treated group and Clp-treated 
group showed a significant decrease (p < 0.05) in the SOD 
activity when compared with untreated group (CMO). SOD 
activity in treated groups was similar to that of the CTRL 
group. Conversely, both GPx (Fig. 4D) and CAT (Fig. 4F) 
activities exhibited a remarkably decrease (p < 0.01) in 
CMO group when compared to CTRL. Treatment with gin-
ger improved significantly (p < 0.01) the activities of those 
antioxidant enzymes. Similar results were observed in the 
CMO + Clp group. Compared to CTRL rats, renal GSH con-
tent was significantly decreased in CMO rats. ZO or Clp 
treatment restored renal GSH levels to normalcy (Fig. 4E).

Histological findings

Histological assessments of kidney slides of all experimental 
groups are presented in Fig. 5. Normal morphological struc-
tures of renal tissue were seen in the CTRL group (Fig. 5A). 
However severe osteopenia resulted in moderate and massive 
glomerular and renal tubular damages. The histomorphology 
of kidney showed pseudo-lobulated glomeruli with tubu-
lar epithelial loss, desquamation, and necrosis (Fig. 5B and 

Table 4  Body, kidney, and relative weights of the different groups: control (CTRL), combined model of osteoporosis (CMO), and osteoporotic 
rats treated with ZO (CMO + ZO) or with Clp (CMO + Clp)

The data represent the mean ± SEM. Comparisons are made between two groups: Osteoporotic (CMO) versus control group (CTRL): *p < 0.05; 
**p < 0.01; Osteoporotic treated with ZO (CMO + ZO) or Clp (CMO + Clp) versus osteoporotic group (CMO): #p < 0.05; ##p < 0.01. ZO Zin-
giber officinale, Clp Calperos

Parameters CTRL CMO CMO + ZO CMO + Clp

Body Weight (g) 199.62 ± 2.62 235.5 ± 4.21** 206.35 ± 2.56## 200 ± 1.78##

Kidney Weight (g) 1.41 ± 0.04 1.12 ± 0.04** 1.34 ± 0.03## 1.28 ± 0.04##

Relative Weight 0.70 ± 0.01 0.477 ± 0.01** 0.65 ± 0.02## 0.62 ± 0.02*##

Table 5  The effects of severe 
osteopenia and ginger on renal 
biochemical markers in control 
(CTRL), combined model 
of osteoporosis (CMO) and 
osteoporotic rats treated with 
ZO (CMO + ZO) or with Clp 
(CMO + Clp)

The data represent the mean ± SEM. Comparisons are made between two groups: Osteoporotic (CMO) 
versus control group (CTRL): *p < 0.05; **p < 0.01. Osteoporotic treated with ZO (CMO + ZO) or Clp 
(CMO + Clp) versus osteoporotic group (CMO): #p < 0.05; ##p < 0.01. ZO Zingiber officinale, Clp Calp-
eros

Parameters CTRL CMO CMO + ZO CMO + Clp

Serum Creatinine (µmol/L) 30.5 ± 0.86 36.33 ± 1.08** 29.83 ± 1.19## 30.16 ± 1.37##

Urea (mmol/L) 6.15 ± 0.06 7.63 ± 0.29** 6.26 ± 0.15## 6.73 ± 0.14#

Uric acid (mmol/L) 67.5 ± 1.32 77.83 ± 2.75* 68.5 ± 1.17# 68.8 ± 1.30#

Urine Creatinine (µmol/L) 9.54 ± 0.56 7.25 ± 0.47* 9.21 ± 0.20## 8.91 ± 0.40#

Urea (mmol/L) 1359 ± 146.24 978 ± 28.40* 1324 ± 108.58# 1322 ± 120.09#

Uric acid (mmol/L) 618 ± 42.47 889 ± 86.96* 641.75 ± 46.08# 612 ± 110.70
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5B’). Moreover, diffused hemorrhage areas, leukocyte infil-
tration, and excess of cell debris in the tubular lumen were 
shown. Treatments with ZO (Fig. 5C) or with Clp (Fig. 5D) 
were found to reduce these morphological changes induced 
by osteoporosis. However, hemorrhage and a little cell debris 
features were seen.

Discussion

This study aimed to evaluate the effect of severe osteopenia 
on renal injuries and oxidative status in rats and the pro-
tective potential of ginger against these disturbances. Sex 
hormones, like estradiol, are involved in the maintenance of 
kidney functions (Ahmed and Ramesh 2016). However, the 
decrease in the levels of those hormones could alter both the 
kidney’s structure and function. In the present study, dis-
ruptions in renal serum markers were noted in CMO group 
when compared to CTRL rats. These results may be due 
to the effect of the severe osteopenia and the high osteo-
clast resorbing activity, which has been previously reported 
(Badraoui et al. 2017; Zammel et al. 2018). Thus, the severe 
osteopenia may have a direct effect on the kidney function. 
OVX-associated corticotherapy altered renal function, which 
is manifested by a significant decrease in creatinine clear-
ance and glomerular filtration rate. It has been reported that 
it might be due to the lack of anabolic effect of estrogens. 
Decreased creatinine clearance and decreased GFR may 
be the cause of this elevation (Ratliff et al. 2016). It was 
outlined that the rises in uric acid levels, which have been 

implicated on the kidney pathogenesis, were associated with 
renal histopathological features. Acute renal failure may 
increase uric acid levels by reducing renal excretion. Several 
studies reported that, following an overproduction of uric 
acid, renal failure may occur (Mzid et al. 2017; Badraoui 
et al. 2012; Amri et al. 2018; Rahmouni et al. 2019).

Enhanced uric acid levels are seen in patients presenting 
low GFR values. GFR, which is considered as an important 
parameter for the comprehension of the mechanistic regula-
tion in kidney tissue (Ejaz et al. 2007), was assessed using 
serum creatinine data (Inker et al. 2012). In our experimental 
study, the estimation of GFR indicated that severe osteope-
nia caused by both estrogen deficiency and corticosteroids 
affected renal function in CMO rats. Physiological loss of 
nephrons and decreased GFR were seen with the progres-
sive aging. Lower GFR was reported to be correlated with 
reduced kidney function. GFR and creatinine clearance tend 
to fall in aging and in the case of bone diseases including 
osteoporosis. Estrogens appeared to have protective role 
against the development of focal and segmental glomerulo-
sclerosis (FSGS). This confirmed that OVX contributes to 
kidney disease progression and FSGS acceleration in animal 
models (Liu et al. 2021). Recently, a study suggested that the 
association of high GFR levels with kidney damage indi-
cated renal dysfunction (Fiebiger et al. 2020).

Glucocorticoids could influence kidney development as 
well as glomerular and tubular function in mature kidneys 
usually on dose- and time-dependent manner (Mangos et al. 
2003; Bailey et al. 2009). Long treatment with GCs may 
induce alterations in GFR (Smets et al. 2010). Contrary 

Fig. 3  The effect of severe 
osteopenia and ginger on 
creatinine clearance and GFR 
in control (CTRL), combined 
model of osteoporosis (CMO) 
and osteoporotic treated rats 
with ZO (CMO + ZO) or with 
Clp (CMO + Clp). The data 
represent the mean ± SEM. 
Comparisons are made between 
two groups: Osteoporotic 
(CMO) versus control group 
(CTRL): *p < 0.05; **p < 0.01; 
Osteoporotic treated with 
ZO (CMO + ZO) or Clp 
(CMO + Clp) versus osteoporo-
tic group (CMO): # p < 0.05; ## 
p < 0.01
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to our obtained data, the previous studies reported rise in 
GFR in human and rats treated with GCs alone (Smets et al., 
2010). Several studies showed that GCs were prescribed for 
the treatment of renal impairment (Zhang et al. 2013).

OVX plays a crucial role in the progression of some 
renal pathological alterations through heavy production of 

ROS, which may lead to an eventual kidney failure. Oxi-
dative stress occurs when an imbalance debarks, between 
pro-oxidants and their elimination by antioxidants (Badraoui 
et al. 2007; Amri et al. 2017). Oxidative stress is evidenced 
by the increased MDA and AOPP levels in damaged tissue 
(Amri et al. 2017; Akacha et al. 2020; Mzid et al. 2017). 

Fig. 4  The effect of severe osteopenia and ginger on renal protein 
and lipid peroxidation, superoxide dismutase, catalase and  glu-
tathione peroxidase activities and GSH content (AOPP, MDA, SOD, 
CAT,  GPx, and GSH, respectively), in control (CTRL), combined 
model of osteoporosis (CMO) and osteoporotic treated rats with 

ZO (CMO + ZO) or with Clp (CMO + Clp). The data represent the 
mean ± SEM. Comparisons are made between two groups: Osteo-
porotic (CMO) versus control group (CTRL): *p < 0.05; **p < 0.01; 
Osteoporotic treated with ZO (CMO + ZO) or Clp (CMO + Clp) ver-
sus osteoporotic group (CMO): # p < 0.05; ## p < 0.01
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Under our experimental conditions, MDA and AOPP levels 
were significantly elevated in the kidneys of CMO rats com-
pared to CTRL. Our results confirmed the previous studies, 
which demonstrated that increased MDA and AOPP levels 
are linked to increased ROS production (Amri et al. 2017; 
Badraoui et al. 2007; Mzid et al. 2017). Previously, the 
lack of estrogens was related to increased oxidative stress 
markers. It enhanced lipid peroxidation in various organs, 
including bone (Chung et al. 2021), kidney, and liver (Amri 
et al. 2018; Rakshit et al. 2021). OVX was associated with 
increased pro-oxidants and decreased antioxidants levels 
(Konyalioglu et al. 2007) in various tissues including the 
bone (Almeida et al. 2007).

Investigators have suggested that OVX increases oxida-
tive stress, thereby impairing kidney function (Liu et al. 
2021). The kidney might receive too much load following 
the osteolysis inducing hypercalcemia (Badraoui et al. 2017). 
Furthermore, renal tubular proliferation and renal fibro-
sis were described as consequences of ROS accumulation 
resulting from oxidative stress (Badraoui et al. 2007; Sanz 
et al. 2011; Zammel et al. 2021b), which is well linked to the 
loss of renal function (Podkowińska and Formanowicz 2020) 
by inducing apoptosis of podocytes (Xing et al. 2021) and 
negatively affecting the tightness of the glomerular filtration 

barrier (Sverrisson et al. 2015). This may be exacerbated 
by GC treatment. It has been shown that GCs through the 
overproduction of ROS affected the redox physiology (Lin 
et al. 2004; Fontella et al. 2005).

Excessive ROS led to the weakening of the antioxidant 
system. Serious investigations reported the ability of anti-
oxidant enzymes to cleanse ROS radicals in kidney cells 
(Tang et al. 2012; Amri et al. 2017; Zahedi et al. 2015). 
Based on our results, the antioxidant defense system was 
influenced by both OVX and GCs. SOD activity was signifi-
cantly increased in stressed animals’ kidneys, whereas CAT 
and GPx activities were reduced (CMO group).

Estrogen deficiency in post-menopausal patients was in 
correlation with oxidative stress development (Cervellati 
et al. 2014). This study is in accord with the other studies, 
which emphasized that estrogen deficiency induced oxi-
dative damage and had inhibitory effect on CAT and GPx 
activities. Increased MDA levels and decreased CAT and 
GPx activities were found in osteoporotic women compared 
to healthy ones (Ozgocmen et al. 2007). Sexual hormones 
boosted the expression of SOD, CAT, and GPx across the 
antioxidant response element signaling pathway (Halliwell 
and Gutteridge 2015). As the most abundant intracellular 
antioxidant, GSH is used as substrate for GPx. The present 

Fig. 5  Kidney histological 
photographs of rats stained with 
hematoxylin–eosin (HE) of con-
trols and experimental groups. 
(A) CTRL rats showed normal 
appearance of kidney, normal 
glomeruli and tubules. (B and 
B’) CMO rats showed multiple 
foci of hemorrhage and necro-
sis. (C + D) Showed almost 
normal cellular architecture of 
the kidney in CMO + ZO and 
CMO + Clp rats, respectively. 
Original magnification × 400 
(scale bar 0.1 mm). G glomeru-
lus, DT distal tubule, PT proxi-
mal tubule, PG pseudo-lobu-
lated glomerulus, SG shrinked 
glomerulus, #Necrotic debris 
in tubular lumen; *Necro-
sis; Arrows indicate: (filled 
circle) Bowman’s space (filled 
diamond) Leukocyte infiltration 
(right arrow) Hemorrhage
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results showed that the osteoporotic group had decreased 
GSH levels as well as GPx activity.

The antioxidant capacity of tissues was reduced by GCs 
(McIntosh et al. 1998). Long treatment with dexamethasone 
could induce the depletion of antioxidant enzymes (You 
et al. 2009; Bera et al. 2010). The increased SOD activ-
ity observed in the current study could be explained by the 
effect of GCs associated OVX, which have been demon-
strated to increase the activity of this enzyme. These findings 
supported the previous observations that compounds with 
antioxidant properties, including ginger, could alleviate the 
renal tissue stress (Yang et al. 2014).

The histopathological findings supported the changes in 
biochemical markers and oxidative stress parameters. These 
findings showed that the major damage caused by severe 
osteopenia occurred, especially glomeruli and proximal 
tubules. In this study, necrosis of kidney tissue is the key his-
topathological change in the damaged kidney of the osteo-
porotic rat. Pseudo-lobulated glomerulus (PG) and shrinked 
glomerulus (SG) were clearly seen due to glomerular com-
pressing and partial endothelial damage in capsules. Proxi-
mal tubules were dilated with loss of cellular boundary and 
epithelial degeneration. These morphological findings were 
in accordance with the previous studies, which suggested 
that decreased production of estrogen caused pathological 
changes and inflammatory cell infiltration in kidneys (Nissen 
et al. 2012). Free radicals were also proven to damage the 
glomerular basement membrane (Bahri et al. 2021). In this 
context, nutraceuticals that possessed rich phenolic and fla-
vonoid content, such as ZO, may have potential ameliorative 
effects via modulation of immuno-modulators disruptions, 
oxidative damage, and health promotion.

In our study, ginger administration protected against renal 
dysfunction induced by severe osteopenia. Rats receiving 
ZO showed normal levels of renal biomarkers (creatinine, 
uric acid, and urea) in both serum and urine samples. The 
use of ZO has reversed the changes on creatinine clear-
ance and GFR. Ginger was shown capable to alleviate these 
disruptions.

ZO may improve renal function by increasing enzyme 
antioxidant activities and limiting renal damage caused by 
the corticosteroid therapy associating gonadal hormone 
deficiency. Moreover, histological examination showed that 
ginger markedly reduced the morphological injuries induced 
by severe osteopenia and improved histopathological archi-
tecture of kidney compared to the osteoporotic group.

The present study showed that the harmful effects of 
sexual hormone deprivation and GCs were reversed by 
ginger treatment, suggesting an antioxidative/therapeutic 
potential effect of this plant. These protective effects could 
be linked to the chemical content of the plant. In fact, the 
phyto-chemical studies revealed the presence of phenolics 
and flavonoids, which could contribute to the antioxidant 

activity of ginger. Similarly to those of Mošovská et al. 
(2015), our results showed that ZO aqueous extract con-
tained appreciable quantities of phenols and flavonoids. 
Therefore, this extract displayed powerful antioxidant 
potentialities. ZO showed high scavenging activity against 
DPPH radicals. These findings were supported by the previ-
ous ones of Stoilova et al. (2007) who signaled that ginger 
possessed higher radical scavenging activity than quercetin. 
This antiradical activity is due to the presence of flavonoids 
and polyphenols (Köksal et al. 2017). Furthermore, a strong 
correlation was observed between the total phenolic content 
and antioxidant activity. Antioxidant potentiality was more 
effective as the levels of those compounds are high. DPPH 
scavenging activities were linked to their hydrogen donating 
ability (Ghasemzadeh et al. 2010).

The richness of ginger in polyphenols and flavonoids 
could enhance renal antioxidant system. In their investi-
gation, Lakshmi and Sudhakar (2010) indicated that ZO 
extracts possess significant nephroprotective activity. The 
antioxidant properties of ZO are due to the rich phenolic 
content. Our HPLC results revealed that ZO aqueous extracts 
contained rosmarinic acid, caffeic acid, ρ-hydroxybenzoic 
acid, luteolin, and quercetin. These compounds displayed 
potential activity against free radicals, and showed promis-
ing drug-likeness and pharmacokinetic properties associated 
the previously reported anti-inflammatory effect (Zammel 
et al. 2021b; Koleva et al. 2000).

Caffeic acid and Ferulic acid, which are the most abun-
dant in our experimental extract, were involved in the block-
age of lipid peroxidation (Göçer and Gülçin 2011; Zammel 
et al. 2021b). Thanks to their radical scavenging potenti-
alities via hydrogen atom donation, phenolic acids were 
considered as the most powerful antioxidant compounds. 
Their potential capacity has been well documented. Previ-
ous studies confirmed that caffeic acid restored the altered 
antioxidant defense system (Gökçe et al. 2009; Gong et al. 
2012) and protect kidney against injuries (Akyol et al. 2014). 
Similarly, ferulic acid has been shown to prevent kidney cell 
damage induced by oxidative stress (Sanjeev et al. 2019). In 
nephropathological cases, syringic acid as well as rosmarinic 
acid exhibited potential role on the improvement of renal 
histopathological changes (Bayomy et al. 2017; Rashedinia 
et al. 2020).

The drug-likeness and pharmacokinetics properties of the 
ZO identified compounds are presented in Table 3. These 
parameters are the main criteria used for screening new 
drugs and avoid any possible drug failure during the clini-
cal phase at the early steps of the drug discovery process. 
Regardless amentoflavone, all the compounds were found to 
meet Lipinski’s rule of five without any violation (Lipinski 
et al. 2001). Our results suggested that ginger compounds 
theoretically meet the. Another criterion which based on a 
probability value of a molecule to have an optimum profile 



3 Biotech (2022) 12:112 

1 3

Page 13 of 16 112

of bioavailability is the bioavailability score (BAS). The bio-
availability score of the assessed compounds varied between 
0.17 and 0.85, which indicates their feasibility to be admin-
istered orally. The bioavailability radars exhibited that ZO 
identified compounds are good candidates for oral bioavail-
ability according to their physico-chemical properties.

While only ferulic acid was found to be Blood–Brain 
Barrier (BBB) permeant, none of the phyto-chemical com-
pounds was P-gp substrate. Cytochrome P450 enzymes play 
a major role in drug interaction, metabolism, and excre-
tion inside the body. From 57 CYP isoforms, five CYPs 
(CYPs 3A4, 2D6, 2C19, 2C9, and 1A2) are responsible 
for the metabolism of more than 80% of clinically used 
drugs (Banerjee et al. 2020; Das et al. 2020). Inhibition of 
these enzymes may lead to diminishing metabolism of the 
drug resulting in high probability of adverse toxicological 
outcomes (Anzenbacher and Anzenbacherova 2001). Fur-
thermore, none of the compounds was predicted to inhibit 
the Cytochrome P targeted isomers (CYP1A2, CYP2C19, 
CYP2C9, CYP2D6, and CYP3A4). P-glycoproteins facili-
tate the transport of drugs, and therefore, their inhibition 
may affect the normal drug transport. High gastro-intestinal 
(GI) absorption was found with caffeic, ferulic, and syrin-
gic acids. The boiled-egg model (Brain Or IntestinaL Esti-
mateD permeation model) (Daina et al. 2017), confirmed 
these findings (Fig. 2). The white region represented the 
physico-chemical space of molecules with highest prob-
ability of being absorbed by the GI tract, and the yellow 
region (yolk) represented the physico-chemical space of 
molecules with highest probability to permeate to the brain 
(Daina and Zoete 2016). Regarding skin permeability values 
(Kp), a more negative values mean lower skin permeability 
(Mishra and Dahima 2019), Kp's skin permeability values 
of the tested compounds ranged from  – 6.01 to  – 6.82 cm/s 
indicating moderate-to-low skin permeability.

Overall, it could be deduced that all ginger phyto-chemi-
cal compounds, which have been screened for their ADMET 
prediction, were considered to be suitable drug-like mol-
ecules and possessed acceptable pharmacokinetic properties. 
This can explain, even in part, the in vivo beneficial effects 
of ZO extract on the rat model of severe osteopenia. It also 
confirms the potential nutraceutical effect of ZO and encour-
age it production as functional food.

Conclusions

In conclusion, our work launches three points. First, gonadal 
hormone deprivation-associated corticotherapy-induced 
osteoporosis leads to glomerular and tubular injuries. Fur-
thermore, increases in serum levels of creatinine, urea, and 
uric acid and decreased creatinine and GFR pointed out a 
renal dysfunction. The second point is that osteoporosis 

induced kidney’s complication associated with oxidative 
damage. The third point we established is that the adminis-
tration of ginger eliminated functional and structural altera-
tions induced by ovariectomy-associated corticotherapy. 
In extrapolation, we deduce that osteoporosis has a nega-
tive impact on kidney function and that the ameliorative 
effects of ginger on the kidney alterations might be due to 
its antioxidant potential, drug-likeness, and pharmacokinetic 
properties of its phyto-chemical content. The ZO identified 
compounds can be considered as good candidates for phar-
maceutical production of functional foods, which mimic 
renoprotective effects, which result from severe osteopenia. 
The major limitation of the study is screening of the total 
phyto-chemical composition by better analytical technics 
such as LC–ESI–MS/MS, LC–DAD-MS, and HR-LCMS.
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