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Abstract 

Carob (Ceratonia siliqua) and ginger (Zingiber Officinale) are typical mediterranean plant, mainly used in food and 
Egyptian traditional folk medicine. The aim of this study is to investigate the protective effects of carob and ginger on 
induced nephrotoxicity in rats. The nephroprotective effects of carob and ginger (0.5, 1.0 and 5%) were investigated 
using cisplatin (2.5 mg/kg body weight) to induce renal dysfunction in rats. The results showed that cisplatin 
administration elevated levels of plasma cholesterol, triglyceride (TG), very low density lipoprotein (VLDL), low density 
lipoprotein (LDL)-cholesterol and caused abnormal renal functions in all studied rats. Serum urea and creatinine 
concentrations were significantly higher (P<0.5) in rats treated with cisplatin (positive control group B) compared to the 
normal group (negative control group A). Diet supplemented with carob or ginger at (5%) showed a significant reduction 
in the serum total cholesterol and total triglycerides levels by 34.1, 40.0%, and 33.6, 45.4% respectively. Carob and 
ginger ameliorated cisplatin-induced nephrotoxicity as indicated by significant decrease in serum urea and creatinine 
concentrations compared to the positive control. The same trend was observed with uric acid and nitric oxide. Thus, 
carob and ginger may be used to delay the toxic effect of the chemotherapeutic treatment with cisplatin. 
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Introduction 

The kidneys are routinely exposed to high concentrations of medications or their metabolites because their 
intrinsic function is to metabolize, concentrate, and excrete compounds. Therefore, it is not surprising that, as with 
prescribed medications, many dietary supplements have been associated with nephrotoxicity, either as a direct toxic 
effect, or secondary to liver dysfunction, rhabdomyolysis, or nephrolithiasis. It is clear that although many dietary 
supplements may not be harmful, some have been associated with renal dysfunction and others have the potential to do 
so (Thomson et al., 2002). Renal system is actively involved in drug elimination from body through renal filtration 
process, proximal tubule secretion and distal tubule reabsorption. It is well known that most of drugs, including: 
antibiotics, nonsteroid anti-inflammation, radiographic contrast media and some of cancer remedies, may cause renal 
failure. Although damage maybe reversible, it may cause chronic changes in kidney parenchyma. (Murcia et al., 2004) 

Cisplatin is a widely used as antineoplastic agent for the treatment of metastatic tumors of the testis, metastatic 
ovarian tumors, lung cancer, advanced bladder cancer and many other solid tumors (Sweetman, 2002). The cytotoxic 
action of the drug is often through its ability to bind DNA to form cisplatin-DNA adducts (Goldstein and Mayor, 1983). 
Although higher doses of cisplatin are more efficacious for the suppression of cancer, high dose therapy manifests 
irreversible renal dysfunction and other toxicities (Halliwell and Cross, 1994; Simic and Jovanovic, 1986). Various 
data indicate that cisplatin induces oxidative stress (Ajith et al., 2002), lipid peroxidation (Bompart, 1989; Matsushima 
et al., 1998) and DNA damage (Lieberthal et al., 1996). Therefore administration of antioxidants has been shown to 
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ameliorate cisplatin-induced nephrotoxicity in various species of animals (Somani et al., 2000). The mechanism of 

protective effects of antioxidants against cisplatin nephrotoxicity is not fully known. 

Ceratonia siliqua (C. siliqua), commonly known as Carob, belongs to the family of Leguminosae. The leaves and 
fruit of this plant are used to cure various diseases. Carob pods have traditionally been used as animal and human food 
and the seed is mainly used for gum extraction (Kivgak et al., 2002). From the experimental and clinical studies 

performed on C. siliqua, it seems that most of its pharmacological actions are due to its antioxidant activity which is 
mainly due to its ability to scavenge free radicals and/or inhibit lipid peroxidation (Kumazawa et al., 2002). 

Carob pods contain lots of polyphenols, especially highly condensed tannins. A phenolic analysis revealed high 
contents of different forms of gallic acid (free gallic acid, gallotannins, and methyl gallate) and large amounts of quercetin 

and myricetin derivatives (Owen et al., 2003; Papagiannopoulos et al., 2004). Thus, carob fiber combines two positive 

nutritional ingredients, namely polyphenols and dietary fiber. Recent studies discovered that carob fiber has cholesterol 
lowering activities in persons suffering from hypercholesterolemia (Zunft et al., 2001; Zunft et al., 2003). There are 

other reported antioxidants properties in different in vitro test systems (Haber, 2002). 

Zingiber Officinale commonly called ginger belongs to the family Zingiberaceae. The plant is a knotted, thick, 
beige underground stem (rhizome) that has been used in traditional medicine to aid digestion and treat stomach upset, 
diarrhea, nausea, and arthritis for centuries. In addition to these medicinal uses, ginger continues to be valued around 
the world as an important cooking spice and is believed to help the common cold, flulike symptoms, headaches, and 
even painful menstrual periods. Today, ginger root is widely used as a digestive aid for mild stomach upset and is 
commonly recommended by health care professionals to help prevent or treat nausea and vomiting associated with 
motion sickness, pregnancy, and cancer chemotherapy (Bone et al., 1990; Grontved et al., 1988; Sripramote and 

Lekhyananda, 2003). 

The fresh ginger rhizome contains polyphenolic compounds such as gingerols (6-gingerol, 8-gingerol); zingerone, 

which is the major active component (Gruenwald et al., 2000); and gingerol [5-hydroxy-1-(4-hydroxy-3-methoxy phenyl) 
decan-3-one is one of the most abundant constituents in the gingerol series and also responsible for its characteristic 

pungent taste (Ney et al., 1988). Despite the favorable pharmacological properties of ginger, its protective effect against 
nephrotoxicity by cisplatin has not previously been explored and its role as diminished factor of fibrosis could be a marker 

of therapeutic benefit. 

The aim of the present study is to evaluate the effects of carob (ceratonia siliqua), and ginger root (Zingiber 
Officinal R.) at different concentrations (0.5, 1 and 5% as a starch replacer) on cisplatin-induced nephrotoxicity in rats. 

Materials and Methods 

Samples of herb: 
Dried carob (Ceratonia siliqua), dried ginger root (Zingiber Officinal R.) were purchased from Agricultural Seed, 

Spices and Medicinal Plants Co., Bab El- khalk, Cairo, Egypt. 

Chemicals: 
Cis — diammine dichloride platinum and kits to biochemical analysis were purchased from Sigma- Aldrich 

Chemical Co. 
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Experimental Animals: 

Fifty six male albino rats weighing (190+10g) of Sprague Dawley Strain were obtained from Helwan experimental 
animals station. All rats were housed individually in well- aerated stainless steel experimental animals' cages and fed for 
one week a standard diet for adaptation, in air conditioned room on a 12 hour lightklark cycle. 

Experimental diet: 
The basal diet consists of casein 14%, corn seed oil 10%, salt mixture 3.5%, vitamin mixture 1%, corn starch 

56.7%, sucrose 10%, fiber 5% and choline choride 0.25 according to (Reeves et aL, 1993). 

Chemical analyses: 
Dried powdered carob, ginger root were analyzed chemically for carbohydrate, total protein, fat, moisture, crude 

fiber, and ash (g) according to AOAC, (1990). 

Experimental Design: 
Rats were divided into eight groups; each group included 7 rats caged individually. Food and water were provided 

adlibitum; all rats were individually in cylindrical wire cages weighed before and at the end of the experiment after six 
weeks. The first group, 7 normal rats, was fed on standard diet (negative control). The other 49 rats were injected 
intraperitoneally with a single dose of cis-diammine dichloride platinium (2.5mg / kg body weight) after first week then 
divided into groups according to the following, the second group was fed on standard diet (positive control), the third 
group was fed on standard diet including 0.5% powder carob, the fourth group was fed on standard diet including 1% 
powder carob, while the fifths group was fed on standard diet including 5% powder carob the sixth group fed on standard 
diet including 0.5%powder ginger, the seventh group was fed on standard diet including 1% powder ginger, while the 
eighth group was fed on standard diet including 5% powder ginger. Carob, ginger was added instead of corn starch. 

Induction of renal dysfunction: 

Cis-diammine dichloride platinum (CDDP) for inducing renal dysfunction was used. 49 rats were injected 
intraperitoneally with a single dose of cis-diammine dichloride platinium (2.5mg / kg body weight) was dissolved in 
physiological saline solution (1mg / ml) within one hour before injection according to (lseri et al., 2007). 

Collection of blood samples: 

After the fasting overnight rats were sacrificed under the anesthesia. Blood samples were withdrawn from the 
hepatic portal vein in heparinized tubes. Blood was centrifuged at 3500 r.p.m. for 15 min., plasma samples were carefully 
separated and stored frozen at — 20 °C for different biochemical analysis. 

Biological studies: 
Body weight gain: 

All rats were individually weighed at the beginning, twice weekly in the first four weeks and then once weekly in 
following two weeks. The total diet consumed per group during the period of experiment was calculated by subtracting 
the diet remaining for each rat at the end of the interval of weighing from that allocated to the rats at the start of the 
intervals. Feed wastage was subtracted from that allocated to the rats. 

Biochemical analysis: 
Serum was used to determine total lipid (Knight et aL, 1972), total cholesterol (Richmond, 1973), triglyceride 

(Koditscheck and Umbreit, 1969), high density lipoprotein (Fruchart, 1982), low density lipoprotein (Friedwold et al., 
1972), and very low density lipoprotein cholesterol (Friedwold et A, 1972), Uric acid (Fossati et al., 1980), Urea 
Nitrogen (Patton and Crouch, 1977), Nitric oxide (Montgomery and Dymock, 1961), Albumin (Doumas et al., 1971), 
and Creatinine (Bartels and Bohmer, 1971). 
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Statistical analysis 
The obtained results of biological evaluations were statistically analyzed according to statistical analysis system. 

SAS User's Guide, (SAS, 2004). LSD at 5% level of significance was used to compare between means according to 

Snedecor and Cochran, (1980). 

Results and Discussion 

The results in Table (1) indicated that the body weight gain for normal rats (control A) was 68 g, while it was 
decreased for the cisplatin-treated rats (control B) to be 44 g, the reduction in body weight gain were 35%. The same 
trend was observed with feed intake and feed efficiency ratio. In contrast, kidney and liver weight for the cisplatin-treated 
rats were increased by 51.5 and 20.2% respectively, compared with the normal rats. These results were agreement with 

Saad et al., (2009), who reported that administration of cisplatin to rats caused a significant reduction in final body weight 

in addition to a significant increase in kidney weight compared to the control group. 

Table (1): 
Change In body weight, liver and kidney weights, feed intake and feed efficiency ratio (FER) 

of the control and experimental rats. 

Diets 
Initial body 
weight (g) 

Final body 
weight (g) 

Bodyweight 
gain (g) 

Liver 
weight (g) 

Kidney 
weight (g) 

Feed 
intake(g) 

Daily feed 
intake (g) 

FER % 

Control A 193±3.32 261±9.71 68±11.13 3.36±0.47 0.97±0.07 703±36.84 17±0.88 9.7±1.92 

Control B 192±4.75 236±4.04 44±4.45 4.04±0.36 1.47±0.21 587±51.82 14±1.23 7.58±1.1 

Group 1 191±3.82 242±5.05 51±6.09 3.9±0.66 1.21±0.25 563±20.78 13±0.49 9.09±1.18 

Group 2 191±4.03 244±4.24 53±6.52 3.96±0.37 1.07±0.25 602±60.36 14±1.44 8.86±1.36 

Group 3 193±3.9 252±7.48 59±9.51 4±0.22 0.93±0.05 676±46.45 16±1.11 8.76±1.41 

Group 4 190±6.42 241±5.86 51±6.34 3.86±0.48 1.33±0.33 587±41.75 14±0.99 8.72±0.99 

Group 5 191±5.68 242±7.3 51±5.18 3.9±0.48 1.19±0.27 574±35.04 14±0.83 8.97±1.3 

Group 6 191±3.98 251±7.72 60±9.2 3.99±0.65 0.94±0.08 680±49.6 16±1.18 8.99±1.91 

Control A: Normal rats fed on a basal iet 
Control B: Experimental rats fed on basal diet 
Group 1: Experimental rats fed on basal diet + 0.5% dried powdered carob 
Group 2: Experimental rats fed on basal diet + 1% dried powdered carob 
Group 3: Experimental rats fed on basal diet + 5% dried powdered carob 
Group 4: Experimental rats fed on basal diet + 0.5% ginger root 
Group 5: Experimental rats fed on basal diet + 1% ginger root 
Group 6: Experimental rats fed on basal diet + 5% ginger root 

Cisplatin-induced weight loss, already reported by other authors, may be due to gastrointestinal toxicity or by 

lessened ingestion of food (Appenroth et al., 1997). Cisplatin-treated rats fed on basal diet supplemented with carob or 
ginger at different concentrations was significantly increased in body weight gain and decrease in kidney and liver weight 

compared to rats receiving cisplatin alone. Ramudu et al., (2011) reported that the decreased body weight in diabetic 

4 



Egypt. J. of Nutrition and Health Vol. 7 No. 1 (2012) 

rats were significantly regained on receiving ginger extract treatment than that of diabetic untreated rats. Ginger 
treatment of the diabetic rats produced increased body weight compared to untreated diabetic rats. This could be due to 
lowering of glucose levels, poly urea and ginger can also prevent osmotic degradation. These results were in agreement 
with the present study. The same trend was observed in feed intake and feed efficiency ratio for all animal. 

Table (2): 
Albumin, creatinine, urea, uric acid, and nitric oxide of the control and experimental rats. 

Diets Albumin (mg/dl) 
Creatinine 
(mg/dl) 

Urea (mg/dl) 
Uric 	acid 
(mg/dl) 

Nitric 	oxide 
(mg/dl) 

Control A 	. 3.130.48 0.530.08 19.99±1.64 1.560.17 12.570.59 

Control B 2.37±0.40 1.940.25 29.07±1.16 2.53±0.48 26.50±1.83 

Group 1 2.83±0.58 1.33±0.22 26.670.51 1.97±0.41 19.26±1.00 

Group 2 2.990.32 1.07±0.09 25.360.42 1.76±0.33 18.900.84 

Group 3 3.09±0.27 0.84±0.09 21.210.30 1.68±0.16 13.81±1.43 

Group 4 2.870.46 1.31±0.11 25.190.36 1.94±0.14 19.74±3.32 

Group 5 2.940.47 1.160.17 24.33±0.46 1.81±0.28 18.06±2.03 

Group 6 3.100.35 0.84±0.10 21.030.81 1.69±0.12 13.56±2.03 
C 
Control B: Experimental rats fed on basal diet 
Group 1: Experimental rats fed on basal diet + 0.5% dried powdered carob 
Group 2: Experimental rats fed on basal diet + 1% dried powdered carob 
Group 3: Experimental rats fed on basal diet + 5% dried powdered carob 
Group 4: Experimental rats fed on basal diet + 0.5% ginger root 
Group 5: Experimental rats fed on basal diet + 1% ginger root 
Group 6: Experimental rats fed on basal diet + 5% ginger root 

Cisplatin administration caused abnormal renal functions in cisplatin-treated rats (control B). Serum urea and 
creatinine concentrations were significantly increased (P<0.5) in the cisplatin treated rats compared to the normal rats 
(control A) (Table 2). The concentrations of serum creatinine and urea in the carob or ginger (5%) treated group were 
reduced to 56.7% and 27.0%, respectively, with respect to the control B group. 

Cisplatin has been shown to cause nephrotoxicity in patients (Daugaard et al., 1988; DeConti et al., 1973) as well 
as in a variety of animal species (Badary et aL, 1997a; Badary et al., 1997b; McKeage et al., 1993). Administration of 
cisplatin exerts significant increase in serum urea and creatinine concentrations compared to normal group, which clearly 
indicates acute renal failure. The effect of cisplatin was similar to those previously described (Heidemann et al., 1989; 
McKeage et al., 1993; Boman! et al., 2000). Carob and ginger ameliorated cisplatin-induced nephrotoxicity as indicated 
by significant less increase in serum urea and creatinine concentrations. The same trend was observed with uric acid 
and nitric oxide. Our results agreed with Ahmed's study (2010) which denoted that Carob polyphenols had a 
nephroprotective effect against cisplatin. 

Also, these findings were in agreement with Mehrdad et al., (2007) who stated that ginger has a beneficial effect 
for removal of urea and creatinine from plasma of normal mice treated with its alcoholic extract and considered as a 
therapeutic herb to manage renal function. 
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Table (3): 
Total cholesterol (TC), very low (vLDL), low (LDL), high density lipoprotein (HDL), tri glycerides 

and total lipids (TL) of the control and experimental rats. 

Diets TC (mg/dl) vLDL (mg/dl) LDL (mg/dl) HDL (mg/dl) TG (mg/dl) TL (mg/dl) 

Control A* 89.69±5.09 14.62±0.56 22.10±4.99 54.23±1.22 73.53±2.51 310.41±2.50 

Control B* 138.79±2.95 28.99±0.85 59.67±3.72 50.67±1.12 145.07±4.11 443.79±3.22 

Group 1 126.59±3.97 24.90±0.78 51.00±2.33 51.44±1.00 122.01±5.13 398.80±31.97 

Group 2 116.44±2.51 23.23±0.52 46.97±4.42 50.96±1.01 115.7.0±3.00 363.53±34.36 

Group 3 91.49±4.8 17.59±1.13 20.57±4.04 53.67±0.94 86.99±3.95 313.00±3.51 

Group 4 117.16±2.4 24.06±1.07 46.10±4.98 49.61±0.97 121.07±2.51 397.19±4.31 

Group 5 110.50±5.68 17.61±0.61 39.33±1.92 51.36±1.52 89.94±4.53 379.94±12.45 

Group 6 92.07±2.77 15.89±0.38 20.70±2.94 54.49±1.53 79.14±2.59 316.73±3.58 

Control A: Normal rats fed on a basal diet 
Control B: Experimental rats fed on basal diet 
Group 1: Experimental rats fed on basal diet + 0.5% dried powdered carob 
Group 2: Experimental rats fed on basal diet + 1% dried powdered carob 
Group 3: Experimental rats fed on basal diet + 5% dried powdered carob 
Group 4: Experimental rats fed on basal diet + 0.5% ginger root 
Group 5: Experimental rats fed on basal diet + 1% ginger root 
Group 6: Experimental rats fed on basal diet + 5% ginger root 

Hyperlipidaemia has been reported as a consistent feature of the nephrotic syndrome (Bagdade et al., 1968). 

The dyslipidaemia is normally associated with elevated levels of plasma cholesterol, triglyceride (TG), very low density 
lipoprotein (VLDL), high density lipoprotein cholesterol (HDL) and low density lipoprotein (LDL)-cholesterol (Appel, 

1991). The high density lipoprotein (HDL) cholesterol may either be depressed, unchanged or increased (Olbricht and 

Koch, 1992). Hyperlipidaemia was also demonstrated in experimentally drug-induced nephrotic animals (Hirano et al., 

1990). 

According to the results in table (2), the serum cholesterol for normal rats (control A) was 89.69±5.09 mg/dl, while 
it was increased for the cisplatin-treated rats (control B) to be 138.79±2.95 mg/dl, the increase in serum cholesterol was 
54.7%. The LDL-cholesterol was also significantly (Ps 0.05) rose (from 22.10±4.99 to 59.67±3.72 mg/dl), the VLDL-
cholesterol in the animals was increased to more than twofold (from 14.62±0.56 to 28.99±0.85 mg/dl), for normal rats 
(control A) and cisplatin-treated rats (control B) respectively. Similarly, the serum triglyceride and total lipids 
concentration was significantly (Ps 0.05) increased by about 97% and 43% for cisplatin-treated rats (control B). On the 
other hand, the HDL-cholesterol was significantly decreased (Ps 0.05) (from 54.23±1.22 to 50.67±1.12 mg/dl), for normal 
rats (control A) and cisplatin-treated rats (control B) respectively. These results were in accordance to Abdel-Gayoum et 

al., (1999) who reported that the peak of nephrosis on day 5 was accompanied by severe hypercholesterolaemia and 
hypertriglyceridaemia. This was in congruence with the changes in plasma lipids observed in several drug-induced 

nephrotic animals (Hirano et al., 1990). Similar alterations in plasma cholesterol and TG levels were also determined in 

rats with nephrotic syndrome induced by passive Heyman nephrites (Sestak et al., 1989). 
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The effects of carob and ginger on serum cholesterol, total glycerides and total lipid levels were determined by 
comparison of normal (control A), cisplatin-treated rats (control B), and cisplatin-treated rats fed on different 
concentration of carob or ginger. The rats given diet supplemented with carob at (5%) showed a significant reduction in 
the serum total cholesterol and total triglycerides levels by 34.1% and 40.0%, respectively. While rats given diet 
supplemented with ginger at 5% exhibited reduction in serum cholesterol and total triglycerides levels by 33.6 and 
45.4%, respectively (Table 3). The same trend was observed with vLDL, LDL, TL for carob or ginger at different 
concentration. In contrast the addition of carob or ginger led to increase of HDL levels at different concentration. The pod 
of the carob fruit (Ceratonia siliqua L.) contains 40-50 wt% of sweet carbohydrates as well as dietary fiber and 
polyphenols (Marakis, 1996). Only the insoluble fiber of pulp of carob pod has shown hypocholesterolemic properties in 
animal (Ruiz-Roso et al., 2010) and human trials (Zunft et al., 2003). 

The mechanism of reduction of serum lipid profile by dietary fiber is possibly a sum of several effects: an increase in the 
synthesis and excretion of bile acids, a reduction in the absorption of triglycerides, an inhibition of the endogenous synthesis of 
cholesterol by short-chain fatty acids generated in the large intestine and modifications in the metabolism of lipoproteins 
through an increase in the amount of hepatic receptors of LDLs (Brown et al., 1999; Fukushima et aL, 2000; Gelissen et 
al., 1994). 

However, it is commonly accepted that the majority of effects are due to decreased absorption of bile acids. This 
causes a removal of steroids from the body by fecal excretion resulting in elevated catabolism of cholesterol, a rise in the 
secretion of bile acids, a decrease in lipoprotein cholesterol secretion, and a reduction in the total body pool of 
cholesterol (Jenkins et al., 2001). 

Moreover, the hypocholesterolaemic effects of ginger may be due to inhibition of cellular cholesterol synthesis 
(Ness et al., 1996). This may be due to the presence of niacin in ginger as reported in many studies that niacin causes 
increased clearance of VLDL, lowers triglyceride levels, increased hepatic uptake of LDL and inhibition of 
cholesterogenesis (Cardia et al., 1990; Durrington, 2003; Mary and John, 2000).The observed antihyperlipidemia 
effect of ginger may also be explained by the presence of high fiber and antinutrients such as phytic acid (Sharma, 
1980). 

Conclusion 

Administration of cisplatin exerts significant increase in serum urea and creatinine concentrations compared to 
normal group, which clearly indicates the acute renal failure. Cisplatin-treated rats fed on basal diet supplemented with 
carob or ginger at different concentrations showed significant increase in body weight gain and decrease in kidney and 
liver weight compared to rats receiving cisplatin alone. Diet supplemented with carob or ginger showed a significant 
reduction in the serum total cholesterol and triglycerides levels. Carob and ginger ameliorated cisplatin-induced 
nephrotoxicity as indicated by significant decrease in serum urea and creatinine concentrations compared to the positive 
control. The same trend was observed with uric acid and nitric oxide. Thus, carob and ginger may be used to help in 
delaying the toxic effect during chemotherapeutic treatment with cisplatin. 
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