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Abstract: Modern research has shown that a wide range of plants can neutralize or detoxify toxins and protect
the body from the toxic effects of drugs and chemicals. These plants included: Agrimonia eupatoria, Alhagi
maurorum, Allium sativum, Alpinia galangal, Anchusa strigosa, Arctium lappa, Artemisia campestris,
Asparagus officinalis, Astragalus hamosus, Bauhinia variegata, Benincasa hispida, Brassica nigra, Brassica
rapa, Bryonia dioica, Bryophyllum calycinum, Caesalpinia crista, Calendula officinalis,Calotropis procera,
Canna indica, Capparis spinosa, Capsella bursa-pastoris, Capsicum frutescens, Capsicum frutescens,
Carthmus tinctorius, Carum carvi, Cassia occidentalis, Casuarina equisetifolia, Celosia cristata and
Chenopodium album. This review will highlight the detoxification ability of the medicinal plants especially
hepato- and nephro-protective effects of these medicinal plants.
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l. INTRODUCTION

In alternative medicine, the toxins were removed from the body with the using of herbal treatments
[1]. Modern research has shown that a wide range of plants can neutralize or detoxify toxins and protect the
body from the toxic effects of drugs and chemicals. These plants included: Agrimonia eupatoria [2], Alhagi
maurorum [3], Allium sativum[4], Alpinia galangal [5], Anchusa strigosa [6], Arctium lappa [7], Artemisia
campestris [8], Asparagus officinalis [9], Astragalus hamosus [10], Bauhinia variegate [11], Benincasa hispida
[12], Brassica nigra [13], Brassica rapa [13-14], Bryonia dioica [14], Bryophyllum calycinum [15],
Caesalpinia crista [16], Calendula officinalis [17], Calotropis procera [18], Canna indica [19], Capparis
spinosa [20], Capsella bursa-pastoris [21], Capsicum frutescens and Capsicum frutescens [22], Carthmus
tinctorius [23], Carum carvi [24], Cassia occidentalis [25], Casuarina equisetifolia [26], Celosia cristata [27]
and Chenopodium album [28]. This review will highlight the detoxification ability especially hepato- and
nephro-protective effects of the medicinal plants as a second part of our previous review [14,29].

Plants with detoxifying capacity:
Cicer arietinum

The hepatoprotective activity of petroleum ether, methanol and aqueous extracts of aerial parts (except
fruits) of Cicer arietinum L was studied against CCl, induced hepatotoxicity in rats. The plant extracts were
administered to the experimental rats (200 and 400 mg/kg/day po for 20 days). The Hepatoprotective activity of
these extracts was evaluated by liver function biochemical parameters (serum glutamic pyruvic transaminase,
serum glutamic oxaloacetic transaminase, serum alkaline phosphatase, total bilirubin, lipid peroxidation,
superoxide dismutase, catalase, reduced glutathione) and histopathological studies of liver. Pre-treatment of the
rats with petroleum ether, methanol and aqueous extract prior to CCl, administration caused a significant
reduction in the values of SGOT, SGPT, SALP, LPO, total bilirubin and significant increase in SOD, CAT,
GSH (P<0.01), almost comparable to the Silymarin. The hepatoprotective activity was confirmed by
histopathological examination of the liver tissue of control and treated animals. Histology of liver sections of
the animals treated with the extracts showed the presence of normal hepatic cords, absence of necrosis and
fatty infiltration [30-31].

Cichorium intybus

The hepatoprotective activity of aqueous-methanolic extract of Cichorium intybus seeds was
investigated against acetaminophen and CClg-induced hepatic damage. Acetaminophen produced 100%
mortality at the dose of 1 g/kg in mice while pretreatment of animals with plant extract (500mg/kg) reduced the
death rate to 30%. Acetaminophen at the dose of 640 mg/kg produced liver damage in rats as manifested by the
significant (P < 0.01) rise in serum levels of alkaline phosphatase (ALP), GOT and GPT to 393 + 28, 767 + 215
and 692 £ 191 IU/I respectively, compared to respective control values of 198 + 15, 76 + 07 and 39 + 09 1U/I.
Pretreatment of rats with plant extract (500 mg/kg) significantly lowered (P<0.01) the respective serum ALP,
GOT and GPT levels to 228 + 16, 68 + 10 and 41 + 08 1U/I. Similarly, a hepatotoxic dose of CCl, (1.5 ml/kg;
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orally) significantly raised (P<0.01), the serum ALP, GOT and GPT levels to 312 + 20, 503 + 98 and 407 + 109
IU/1 respectively, compared to respective control values of 215 * 16, 79 + 18 and 49 + 10 U/I. The same dose
of plant extract (500 mg/kg) was able to prevent significantly (P<0.05) the CCl,-induced rise in serum enzymes,
the estimated values of ALP, GOT and GPT were 222 + 27, 114 + 23 and 68 £ 14 1U/I respectively. Moreover,
it prevented CCl-induced prolongation in pentobarbital sleeping time which further confirmed
hepatoprotectivity [32].

The natural root and root callus extracts of Cichorium intybus were studied for their anti-hepatotoxic
effects in Wistar strain of Albino rats against carbon tetrachloride induced hepatic damage. The increased levels
of serum enzymes (aspartate transaminase, alanine transaminase) and bilirubin observed in rats treated with
carbon tetrachloride were very much reduced in the animals treated with natural root and root callus extracts
and carbon tetrachloride. The decreased levels of albumin and proteins observed in rats after treatment with
carbon tetrachloride were found to increase in rats treated with natural root and root callus extracts and carbon
tetrachloride. These biochemical observations were confirmed by histopathological examination of liver
sections [33].

Esculetin, a phenolic compound found in Cichorium intybus was investigated for its possible
protective effect against paracetamol and CCl,-induced hepatic damage. Paracetamol produced 100% mortality
at the dose of 1 g/ kg in mice while pre-treatment of animals with esculetin (6 mg/ kg) reduced the death rate to
40%. Oral administration of paracetamol (640 mg/ kg) produced liver damage in rats as manifested by the rise
in serum enzyme levels of alkaline phosphatase (ALP) and aminotransferases (AST and ALT). Pretreatment of
rats with esculetin (6 mg/ kg) prevented the paracetamol-induced rise in serum enzymes. The hepatotoxic dose
of CCl, (1.5 ml/ kg; orally) also raised serum ALP, AST and ALT levels. The same dose of esculetin (6 mg/ kg)
was able to prevent the CCl-induced rise in serum enzymes. Esculetin also prevented CCl,-induced
prolongation in pentobarbital sleeping time confirming hepatoprotectivity [34].

The hepatoprotective effect of ginger, chicory and their mixture against carbon tetrachloride
intoxication was investigated in rats. Carbon tetrachloride treatment significantly elevated the alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase and gamma glutamyltransferase activities
and the serum triglycerides and cholesterol concentration as compared to control group. It also increased RBCs
counts, Hb concentration, total and differential leucocytes counts. However it decreased platelet counts, platelet
distribution width, mean platelet volume, platelet larger cell ratio. Methanol extract of chicory (250 and 500
mg/kg) alone or mixed with ginger (250 and 500 mg/kg) (1:1 wt/wt) significantly restored the carbon
tetrachloride-induced alterations in the biochemical and cellular constituents of blood. No toxic symptoms were
reported in doses up to 5 g/kg [35].

The possible potential therapeutic and protective effects of Cichorium intybus (chicory) against
oxytetracyclin-induced fatty liver was studied in rats. Fatty liver groups showed high significant increase in
serum glucose, cholesterol, triglycerides, LDL cholesterol, ALAT, ASAT, GGT, LDH, urea, creatinine and
albumin level to globulin level ratio. Total protein, albumin, globulin and HDL cholesterol were significantly
decreased compared to control group. These biochemical changes were accompanied with fatty liver
histopathological alterations. The treatment with chicory ameliorated most of the evaluated biochemical
parameters and improved the induced degenerative histopathological changes. The pretreatment with chicory
before the induction of fatty liver, gave some protection against experimentally induced fatty liver [36].

The hepatoprotective activity of aqueous-ethanolic (30:70 %) extract of fresh dried leaves of
Cichorium intybus at the doses of 100, 200 and 300 mg/kg body weight po, was compared with Silymarin (25
mg/kg, po) treated animals. The significant changes in biochemical parameters (increases in serum glutamate
pyruvate transaminase (SGPT), serum glutamate oxaloacetate transaminase (SGOT), alanine phosphatase
(ALP) and serum tolal bilirubin (TB) level) in Nimesulide intoxicated rats, were restored towards normal
values in Cichorium intybus leaves extract (100 mg/kg, 200 mg/kg and 300 mg/kg, po) treated animals.
Histopathological examination of liver tissues further substantiated these findings [37].

Cichotyboside isolated from the seeds of Cichorium intybus exhibited a significant anti-hepatotoxic
activity against CCl, induced toxicity in Wistar rats, wherein it reduced the elevated levels of liver enzymes
such as serum glutamate oxaloacetate transaminase (SGOT) by 52 units/ml; SGPT 38 units/ml; ALKP 24.97
units/ml, with 7.54 g/dl, 5.48 g/dl increase in total protein and albumin, respectively. It was observed that
cichotyboside decreased the level of ALKP comparable with that of standard drug silymarin, exhibiting an 88%
decrease in comparison to silymarin (92%) and increased the level of total albumin 85% in comparison to
silymarin (89%) against intoxicated control. Whereas, the levels of SGOT and SGPT were also decreased
considerably in comparison to standard and intoxicated control [38].

Cichorium root extract therapy normalized some morphofunctional liver features (decreases glycogen
content and necrosis and increases the number of cells with pronounced protein synthesis activity in rats with
CCly-induced hepatitis [39].
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The effects of Cichorium intybus root extracts at different doses were tested against CCl, induced rats liver
toxicity. The elevated serum markers and liver tissue microvesicular steatosis were significantly reduced in
Cichorium intybus groups at 150-450 or 200-500 mg/kg/day [40-41].

The effect of chicory (Cichorium intybus L.) seed extract was evaluated in hepatic steatosis caused by
early and late stage diabetes in rats, and induced in HepG2 cells (in vitro) by BSA-oleic acid complex (OA).
Different dosages of Cichorium intybus seed extract (1.25, 2.5 and 5 mg/ml) were applied along with OA (1
mM) to HepG2 cells, simultaneously and non-simultaneously; and without OA to ordinary non-steatotic cells.
Cellular lipid accumulation and glycerol release, and hepatic triglyceride (TG) content were measured. The
expression levels of sterol regulatory element-binding protein-1c (SREBP-1c) and peroxisome proliferator-
activated receptor alpha (PPARa) were determined. Significant histological damage (steatosis-inflammation-
fibrosis) to the cells and tissues and down-regulation of SREBP-1c and PPARa genes that followed steatosis
induction were prevented by Cichorium intybus seed extract in simultaneous treatment. In non-simultaneous
treatment, Cichorium intybus seed extract up-regulated the expression of both genes and restored the normal
levels of the corresponding proteins; with a greater stimulating effect on PPARa, Cichorium intybus seed
extract acted as a PPARa agonist. Cichorium intybus seed extract released glycerol from HepG2 cells, and
targeted the first and the second hit phases of hepatic steatosis [42].

Adding of extracts of Cichorium intybus in the reaction mixture containing calf thymus DNA and free
radical generating system protect DNA against oxidative damage to its deoxyribose sugar moiety. The effect
was dependent on the concentration of plant extracts. However, the effect of Cichorium intybus was
pronounced. The result revealed that the observed hepatoprotective effect of crude Cichorium intybus extract
may be due to its ability to suppress the oxidative degradation of DNA in the tissue debris [43-44].

Five intraperitoneal injection of cerulean (50 pg/ kg at 1 h intervals) in mice resulted in acute
pancreatitis, which was characterized by edema, neutrophil infiltration, as well as increases in the serum levels
of amylase and lipase in comparison to normal mice. Different doses of Cichorium intybus root (CRE) and
aerial parts hydroalcoholic extract (CAPE) orally (50, 100, 200 mg/kg) and intraperitoneally (50, 100, 200
mg/kg) were administrated 1.0 and 0.5 h respectively before pancreatitis induction on separate groups of male
mice (n=6). Control groups treated with normal saline (5 ml/ kg) similarly. Both extracts in greater test doses
(100 mg/kg and 200 mg/kg, ip) were effective to decrease amylase (23-36%) and lipase (27-35%) levels. In oral
route, the dose of 200 mg/ kg showed a significant decrease in levels of amylase (16%) and lipase (24%)
activity while the greatest dose (200 mg/kg, ip) was only effective to diminish inflammatory features like edema
and leukocyte infiltration in pancreatitis tissue (P<0.01) [45].

Cistanche tubulosa

The methanolic extract from fresh stems of Cistanche tubulosa possessed hepatoprotective effects
against D-galactosamine (D-GalN)/lipopolysaccharide (LPS)-induced liver injury in mice. Among the isolated
compounds, echinacoside, acteoside, isoacteoside, acetylacteoside, and tubuloside A, inhibited D-GalN-
induced death of hepatocytes. These five compounds, and cistantubuloside B also reduced TNF-alpha-induced
cytotoxicity in L929 cells [46].

The hypocholesterolemic effect of the aqueous ethanol extract (CTE) from the roots of
Cistanche tubulosa was evaluated using gene chip and RT-PCR analysis of the livers of mice given CTE (400
mg/kg) for 14 days. The administration of CTE (400 mg/kg) for 14 days significantly suppressed serum
cholesterol elevation in high cholesterol diet-fed mice. The mRNA expressions of VLDL receptor and
cytochrome P450 SCC were significantly enhanced. In addition, acteoside, a major constituent of CTE, was
found to enhance the mMRNA expressions of apolipoprotein B, VLDL receptor, and cytochrome P450 SCC in
HepG2 hepatocytes [47].

Three among acylated phenylethanoid oligoglycosides isolated from stems of Cistanche tubulosa were
found to inhibit D-galactosamine-induced cytotoxicity in primary cultured mouse hepatocytes [48].

Citrullus colocynthis

The protective effect of methanolic extract of Citrullus colocynthis fruits (MECC) was studied in
nitrosodiethylamine induced hepatic damage in male rats. Rats received DEN/PB showed elevated levels of
cholesterol (p<0.05), triglycerides (TG, p<0.01), free fatty acids (FFA, p<0.01), low density lipoprotein (LDL,
p<0.01), very low density lipoprotein (VLDL, p<0.05) and decreased level of high density lipoprotein (HDL),
urea and creatinine. Administration of MECC 200,400 mg/kg to rats orally for 28 days significantly reduced
the biochemical alterations induced by DEN/PB [49-50].

The nephropathy protective effect of Citrullus colocynthis fruits extract was studied in streptozotocin
induced diabetes in rats. The extract of Citrullus colocynthis fruit was given as (50mg/kg/day) orally for 50
days. Citrullus colocynthis fruits extract caused significant decrease in blood glucose, urea, creatining,
microalbuminuria and uric acid, while, GSH, GPx and SOD were significantly increased in comparison with
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diabetic untreated group. The histopathological findings were coincided with biochemical findings in both
diabetic and treated groups. Diabetic kidney showed atrophy of renal curpusle, shrinkage of capillary within
increase Bowman’s space while, diabetic rat received Citrullus colocynthis fruit extract showed partial
protection of glumeruli and appeared nearly normal. The study clearly demonstrated that Citrullus
colocynthis fruit exerted protective effects on the kidney functions and tissues. So it may play a role in prevent
nephropathy as one of microvascular complications of diabetes mellitus [51].

The protective potentials of Citrullus colocynthis was evaluated against gentamicin induced nephrotoxicity.
Toxic doses of gentamicin (80 mg/kg/day, i.m.) were administered alone and as co-therapy with the extract of
Citrullus colocynthis (25 mg/kg/day, po). Physiological, biochemical and histological examinations were
performed to compare the experimental and toxic groups with control group animals. Co-therapy of Citrullus
colocynthis with gentamicin protected changes in the body weight, blood urea nitrogen, creatinine clearance,
proteins and lactate dehydrogenase excretions. However, a significant rise in serum creatinine and serum uric
acid with fall in serum calcium and serum potassium was observed, which were significantly different from
control group animals. Necrotic and ruptured tubules were also found abundantly. This study revealed that co-
theapy of Citrullus colocynthis with gentamicin for twenty one days, failed to protect renal injury associated by
gentamicin in spite of its strong antioxidant properties [52].

Citrus species

The cytoprotective effects of Citrus aurantifolia was evaluated against Aflatoxin B1 (AFB1)-induced
liver injury in rat model. Wistar albino rats were divided into five groups. Group | served as the control. Group
Il treated with vehicle, dimethyl sulfoxide (DMSO) a single intraperitoneally intraperitoneally on day 5. Group
Il received AFB1-alone (1mg/Kg body weight) intraperitoneally in DMSO as a single dose on day 5. Group
IV and V received Citrus aurantifolia methanolic extract (MeCA) and Citrus aurantifolia aqueous extract
(AqCA) (500mg/Kg body weight, per oral) for 5 days and AFB1 (1mg/kg body weight) intraperitoneally in
DMSO as a single dose on day 5. At the end of the 8" day, the livers were collected and used to determine the
hepatoprotective activity. Genomic DNA fragmentation was observed by agarose gel electrophoretic pattern in
the rat livers. The ultra-structure of the liver cells was studied by electron microscopy. Citrus aurantifolia
treatment significantly protected nucleic acid. The treatment was significantly inhibited DNA fragmentation.
Nucleus structures were well maintained. The results demonstrate that Citrus aurantifolia has a cytoprotective
effect against AFB1-induced liver injury [53].

The ethanol extract of Citrus limon fruits was evaluated for its effects on experimental liver damage
induced by carbon tetrachloride. The ethyl acetate soluble fraction of the extract of Citrus limon. fruits was
evaluated on HepG2 cell line. The ethanol extract normalized the levels of aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, and total and direct bilirubin, which were altered due to carbon
tetrachloride intoxication in rats. In the liver tissue, treatment significantly raised the levels of antioxidant
enzymes superoxide dismutase and catalase. It improved the reduced glutathione (GSH) levels in treated rats in
comparison with CCl-intoxicated rats. In the histopathologic studies, treated animals exhibited restoration of
the liver architecture toward normal. Three doses of ethanol extract (150, 300, and 500 mg/kg) were evaluated.
The results obtained were dose dependent, and the effect of the highest dose was almost equal to the standard
silymarin. Significant reduction in cell viability was observed in cells exposed to CCl,. A dose-dependent
increase in the cell viability was observed when CCl-exposed HepG2 cells were treated with different
concentrations of ethyl acetate soluble fraction of the ethanol extract. The highest percentage viability of HepG2
cells was observed at a concentration of 100 pg/ml [54].

Ethylene glycol (0.75% v/v po in drinking water; 28 days) induced urolithiasis was used to study the
protective effect of flavanoid rich fraction of Citrus medica (FFCM) at three dose level (320, 380 and 440
ug/kg - 28 days; po) in male wistar albino rats. Cystone (750 mg/kg; po) was used as standard drug. After
completion of treatment period of 28 days, 24 hr urine sample and blood were collected. Various physical
parameters like body weight, diuresis, pH, kidneys weight (wet and dry) were measured. Various stone forming
inhibitors (magnesium and citrate) and promoters (oxalate, calcium, phosphate, uric acid and urea) were
analysed in urine, serum and kidney homogenate. Renal function test (BUN and creatinine clearance),
antioxidant parameters (MDA and catalase) and crystalluria were also evaluated. FFCM at all dose level
significantly prevented EG induced changes in calcium, inorganic phosphate, uric acid, oxalate, urea, citrate,
magnesium level; creatinine clearance and oxidative stress. FFCM possessed anti-lithiatic activity in
experimentally induced urolithiatic model that can be attributed to its diuretic action, decrease in promoters and
increase in inhibitors level as well as antioxidant potential [55].

The hepatoprotective activity of orange essential oils was evaluated in carbon tetrachloride-induced
hepatotoxicity in rats. Orange essential oils significantly reduced the serum ALT level when compared to CCl,
group, while it did not affect the serum AST level. The histopathological findings did not show any significant
difference between the orange essential oils treated and CCl, groups [56].
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Clerodendron inerme

The potential genomic stability and tissue protection of petroleum ether and methanolic extract of
Clerodendron inerme (L.) Gaertn leaves were studied using F1 hybrid mice (C57BL male and Swiss albino
female). Results revealed that when the Clerodendron inerme methanolic extract (CIME) was given alone and
with radiation therapy (4 Gy), the intestinal tissues were protected better by methanolic extract 500mg/kg bw
orally in mice as compared to test groups and radiation control group. Methanolic extract showed good results
in intestinal tissue protection but the percentage of the chromosomal aberration was not well appreciated in
comparison to petroleum ether extract which showed good activity in reducing percentage of chromosomal
aberration [57-58].

The etanolic extract of Clerodendron inerme leaves were screened for its hepatoprotective activity in
paracetamol induced liver damage in Swiss albino rats at a dose of 200 mg/kg bw. The ethanolic extract
exhibited a significant protective effect by lowering serum levels of glutamic oxaloacetic transaminase,
glutamic pyruvic transaminase, alkaline phosphatase and total bilirubin [59].

Clitoria ternatea

Petroleum ether, chloroform, and methanol extracts of roots of blue and white flowered varieties of
Clitoria ternatea (CT) were studied for their hepatoprotective potential against carbon tetrachloride (CCly)
induced hepatotoxicity in rats. The hepatoprotective activity was assessed using various biochemical parameters
like serum glutamate oxaloacetate transaminase, serum glutamate pyruvate transaminase, serum alkaline
phosphatase and total bilirubin along with histopathological studies of liver tissues. The substantially elevated
serum enzymatic levels of serum transaminases, alkaline phosphatase and total bilirubin were significantly
restored towards normalization with the treatment of CT. The biochemical improvement were confirmed by
histopathological examination of liver sections [60-61].

The nephroprotective and antioxidant activities of the ethanol extract of the aerial parts of Clitoria
ternatea were evaluated in acetaminophen induced toxicity in rats. Biochemical studies showed that there was
an increase in the levels of serum urea and creatinine along with an increase in the body weight and reduction in
the levels of uric acid in acetaminophen induced groups. These values were retrieved significantly by treatment
with Clitoria ternatea extracts at two different doses. The antioxidant studies reveal that the levels of renal
SOD, CAT, GSH and GPx in the APAP treated animals were increased significantly along with a reduced
MDA content in Clitoria ternatea ethanol extract treated groups. Histopathological changes also reveal the
protective nature of the Clitoria ternatea extract against acetaminophen induced necrotic damage of renal
tissues [62].

The protective effect of Clitoria ternatea (CT) flower extracts with antioxidant activity were studied in
male reproductive parameters including sperm concentration, serum testosterone level, histopathology of the
testis, and testicular tyrosine phosphorylation levels in testicular damage in rats induced with ketoconazole
(KET). The antioxidant activity of CT flower extracts was determined using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and ferric reducing antioxidant power (FRAP) assays. Male rats were treated with CT flower extracts
(10, 50, or 100 mg/kg BW) or distilled water via a gastric tube for 28 days (preventive period: Days 1-21) and
testicular damage induced by KET (100 mg/kg bw) via intraperitoneal injection for 7 days (induction period:
Days 22-28). After the experiment, all animals were examined for the weights of the testis, epididymis, vas
deferens and seminal vesicle, serum testosterone levels, sperm concentration, histological structures and
diameter of testis, and testicular tyrosine phosphorylation levels by immunoblotting. The CT flower extracts had
capabilities for DPPH scavenging and high reducing power. At 100 mg/kg bw, the extract had no toxic effects
on the male reproductive system. Significantly, in CT+KET groups, CT flower extracts (50 and 100 mg/kg BW)
alleviated the reduction of reproductive organ weight parameters, testosterone levels, and sperm concentration.
In addition, CT flower extracts gave protection from testicular damage in KET-induced rats. Moreover, in the
CT100+KET group, CT flower extracts significantly enhanced the expression of a testicular 50-kDa tyrosine
phosphorylated protein compared with that of other groups [63].

Convolvulus arvensis

The hepatoprotective activity of  Convolvulus arvensis was studied in paracetamol-induced
hepatotoxicity in mice. The results showed that ethanolic extract of Convolvulus arvensis (200 and 500 mg/kg)
produced significant (p<0.05) decrease in paracetamol induced increased levels of liver enzymes and total
bilirubin. Histopathological investigation supported the hepato-protective effects of Convolvulus arvensis [64-
65].

Cordia myxa
The potential protective effects of methanolic extracts of Cordia myxa against doxorubicin (DOX)-
induced cardiotoxicity was studied in rats. It showed promising cardioprotective potential. Its extracts showed
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potent in vitro radical scavenging and antioxidant properties. It significantly protected against DOX-induced
alterations in cardiac oxidative stress markers (GSH and MDA) and cardiac serum markers (CK-MB and LDH
activities). Additionally, histopathological examination confirmed the protective effect against DOX-induced
cardiotoxicity [66-67].

The hepatoprotective effect of Cordia myxa. (CM) extracts was studied in rats. Oxydative liver
damage in rats was induced by two agents, carbon tetrachloride (CCl,) and thioacetamide (TA). Oxydative
damage was evaluated by a measurement of aspartate transaminase (AST), glutamate transaminase (ALT) and
alkaline phosphatase (ALP) in sera of the rats. Several extracts of Cordia myxa were prepared and were fed to
experimental animals over a period of two weeks. Liver recovery was assessed by re-measuring the hepatic
enzymes and their comparison with the control group. CCl, and TA induced comparable oxidative liver damage
as measured through hepatic enzymes. A significant (P=0.05) liver recovery was noticed when animals treated
with CCI,/TA were fed with CM extracts [68].

The protective role of Cordia myxa (CM) extracts ( 50-500mg/kg) against liver fibrosis induced by
carbon tetrachloride or thioacetamide (TA) was investigated in rats. The serum aspartate transaminase (AST),
glutamate transaminase (ALT) and alkaline phosphatase (ALP) were significantly improved in rats after
administration of (CCl,) + CM, or (TA) + CM as compared to rats treated alone with CCl, or TA [69].

The influence of Cordia myxa extract on blood picture after administration of a high dose of
mefenamic acid (ponstan) was studied in mice. Four groups of mice were used in this experiment, and
designated as A, B, C and D. Group A received distilled water and served as control. Group B received plant
extract at a dose of 600mg per kg bw. Group C received ponstan at a dose of 100mg per kg bw and group D
received the half dose of both treatments simultaneously. After 21 days, all mice were euthanized and blood
sample from each animal was taken for examination. The right femur bone of each animal was taken to perform
histological sections. The extract showed an enhancing effect on some blood parameters both when the plant
extract was given alone or simultaneously with ponstan. The plant extract caused disappearance of mild
degenerative and other adverse changes resulted from ponstan on bone marrow [70].

Coriandrum sativum

The radio protective ability of Coriandrum sativum seeds against whole body gamma irradiation was
studied in rats. Coriander aqueous extract group (CE) rats received the aqueous extract 300 mg/ kg bw/ day for
42 days. Irradiated group: rats were subjected to whole body gamma irradiation at dose of 4 Gy delivered as a
single exposure dose. In combined treatment group, rats received orally CE (300 mg/ kg bw/ day) for 42 days,
at day 35 of CE treatment, the rats were irradiated at dose level of 4 Gy. The animals exposed to gamma
radiation showed a significant increase in serum aspartate transaminase, alanine transaminase, alkaline
phosphatase, lactate dehydrogenase, urea, creatinine, total cholesterol, triglycerides, low density lipoprotein
cholesterol and tissue thiobarbituric acid reactive substance. Gamma irradiation caused significant decrease in
serum total protein, albumin and high density lipoprotein cholesterol. A decrease of liver and kidney reduced
glutathione content, superoxides dismutase and catalase activities were reported. Treatment of rats with CE
significantly reduced the radiation-induced serum biochemical disorders which was associated with significant
amelioration in the oxidant / antioxidant status of liver and kidney tissues [71].

The administration of paracetamol caused a significant increase in plasma alanine amino transferase,
aspartate amino transferase, alkaline phosphates, gamma glutamyl transferase, bilirubin, urea and creatinine
with significant decrease in plasma total proteins, albumin and some antioxidant biomarkers (plasma total
antioxidant capacity, catalase and glutathione peroxidase) compared to normal rates. Statistical analysis
indicated that rats which supplemented with aqueous extract of Coriandrum sativum and then administrated
paracetamol showed significant improvement in all biochemical parameters, which become near to control, the
results were confirmed by histopathological examination of the liver tissue of control and treated animals [72].
The antioxidant activity of Coriandrum sativum was evaluated in CCl, treated oxidative stress in rats. CCl,
injection induced oxidative stress by a significant rise in serum marker enzymes and thiobarbituric acid reactive
substances (TBARS) along with the reduction of antioxidant enzymes. In serum, the activities of enzymes,
ALP, ACP and protein and bilirubin were evaluated. Pretreatment of rats with different doses of plant extract
(100 and 200mg/kg) significantly lowered SGOT, SGPT and TBARS levels against CCl, treated rats. Hepatic
enzymes like SOD, CAT, GPx were significantly increased by treatment with plant extract against CCl, treated
rats. Histopathological examinations showed extensive liver injuries, characterized by extensive hepatocellular
degeneration/necrosis, inflammatory cell infiltration, congestion, and sinusoidal dilatation in CCl, trated rats.
Oral administration of the leaf extract at a dose of 200mg/kg bw significantly reduced the histological effects
induced by CCl,. The activity of leaf extract at the dose of 200mg/kg was comparable to the standard drug,
silymarin [73].

The hepatoprotective activity of Coriandrum sativum against carbon tetrachloride was studied, with
estimation of serum glutamyl oxaloacetic acid transaminase, serum glutamyl pyruvate transaminase, alkaine
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phosphatase and bilirubin. Coriandrum sativum possessed hepatoprotection by reducing the liver weight,
activities of SGOT, SGPT, and ALP, and direct bilirubin of CCl, intoxicated animals. These results were
confermied be histological effects, administration of Coriandrum sativum extract at 300 mg/kg dose resulted in
disappearance of fatty deposit, ballooning degeneration and necrosis [74].

Essential oils of Coriandrum sativum were assayed for their in vitro and in vivo antioxidant activity
and hepatoprotective effect against carbon tetrachloride damage. The in vitro antioxidant activity was evaluated
as a free radical scavenging capacity (RSC), measured as scavenging activity of the essential oils on 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and OH radicals and effects on lipid peroxidation (LP) in two systems of
induction. Liver biochemical parameters were determined in animals pretreated with essential oils and later
intoxicated with CCl, to assess in vivo hepatoprotective effect. The essential oils were able to reduce the stable
DPPH in a dose-dependent manner and to neutralize H,O,, with 1Cs, values of 4.05 microl/ml [75].

The effect of coriander seed powder (CSP) on dimethyl hydrazine (DMH)-induced oxidative stress and
toxicity in rats was investigated. Rats were maintained on the treatments for 12 weeks. The results revealed
that DMH administration lead to an increase in hepatic lipid peroxidation associated with reduction in levels of
glutathione (GSH), activity of superoxide dismutase (SOD), catalase, and glucose-6-phosphate dehydrogenase.
The coadministration of CSP 10% and DMH diminished the hepatic malondialdehyde (MDA) significantly as
compared to DMH-alone administered rats. The intake of coriander seeds at 10% level also enhanced the
hepatic GSH-redox system by elevating GSH-Px, GSSGR, and GST activities. The DMH-induced decline in
SOD and catalase activities was brought to normal by 10% CSP. The coadministration of CSP and the DMH
produced a significant reduction in MDA and enhancement in catalase activity as compared to control.
Coriander powder at 5% and 10% levels produced a significant rise in colonic catalase and GSH-Px. The
coriander seeds produced significant beneficial effects by reducing the DMH-induced oxidative stress and
enhancing the tissue levels of antioxidant/detoxification agent in tissues[76].

The preventive effect of ethanol extract of Coriandrum sativum on lead deposition was investigated in
male ICR mice given lead (1000 ppm) as lead acetate trihydrate in drinking water for 32 days. Administration
of Coriandrum sativum to mice by gastric intubation was performed for 25 days from day 7 after the start of
lead exposure up to the end of the experiment. The mice were then sacrificed for comparison of lead
distribution. The lead reached its highest concentration in the femur but localized lead deposition in the femur
was significantly decreased by meso-2,3-dimercaptosuccinic acid (DMSA), a chelating agent used as a positive
control to validate the experimental model. Administration of Coriandrum sativum also significantly decreased
lead deposition in the femur and severe lead-induced injury in the kidneys. In addition, urinary excretion of
delta-aminolevulinic acid (ALA) which was known to increase with lead intake was significantly decreased
after administration of Coriandrum sativum. The MeOH extract of Coriandrum sativum also reduced lead-
induced inhibition of delta-aminolevulinic acid dehydratase (ALAD) activity in vitro [77].

The protective effect of Coriandrum sativum in lead intoxication was studied mice. Oxidative stress
was induced in mice by a daily dose of lead nitrate (40 mg/kg bw by oral gavage) for seven days. From day
eight, experimental animals received an oral dose of coriander extracts (aqueous extract 300 and 600 mg/
kg bw; ethanolic extract 250 and 500 mg/ kg bw) along with lead nitrate daily for 40 days. The coriander
supplementation to intoxicated mice, protected the weights of experimental animals as compared to lead nitrate
exposed untreated animals. Ingestion of Pb (NOs), was significantly decreased RBC count, WBC count, Hb
level and serum total protein contents in the lead nitrate treated mice. But, serum alanine transaminase, aspartate
aminotransferase, creatinine and cholesterol level were significantly increased after implication of this metal.
However, oral administration of Coriandrum sativum to lead treated mice led to marked improvement in both
hematological and serum biochemical changes. A decrease in viability of neutrophiles, phagocytic index,
immunoglobulin level and plaque count were the salient features observed in lead exposed animals. Oral
administration of coriander extracts to Pb (NOs), treated groups attenuated the deranged parameters to some
extent [78].

The efficacy of Coriandrum sativum in reducing lead-induced changes in testis was evaluated in
mice. Animal exposed to lead nitrate showed significant decrease in testicular SOD, CAT, GSH, and total
protein levels. This was accompanied by simultaneous increase in the activities of LPO, AST, ALT, ACP, ALP,
and cholesterol level. Serum testosterone level and sperm density were suppressed in lead-treated group
compared with the control. These influences of lead were prevented by concurrent daily administration of
Coriandrum sativum extracts to some extent. Treating albino mice with lead-induced various histological
changes in the testis, while the treatment with coriander led to an improvement in the histological testis picture
[79].

The protective activity of the hydroalcoholic extract of Coriandrum sativum seed against lead-induced
oxidative stress was studied in rats. Male rats were given 1,000 mg/L lead acetate for 4 weeks, Coriandrum
sativum treatment was given as 250 and 500 mg/kg bw/day for seven consecutive days after 4 weeks of lead
exposure. A significant (p<0.05) increase in reactive oxygen species, lipid peroxidation products, and total
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protein carbonyl content levels was observed in exposed rat brain regions, while delta-amino levulinic acid
dehydratase showed a decrease indicating lead-induced oxidative stress. Treatment with the hydroalcoholic seed
extract of Coriandrum sativum resulted in a tissue-specific amelioration of oxidative stress produced by lead
[80].

The effect of Coriandrum sativum was studied against lead nitrate induced toxicity in mice. Oxidative
stress was induced in mice by a daily dose of lead nitrate (40 mg/kg bw by oral gavage) for seven days. From
day eight, after lead nitrate treatment, experimental animals received an oral dose of coriander extracts (aqueous
extract 300 mg/kg body weight and 600 mg/kg bw, ethanolic extract 250 and 500 mg/kg bw) daily. The effect
of these treatments in influencing the lead induced changes on hepatic and renal oxidative stress and
biochemical changes along with histopathological alterations in soft tissues were studied. The results showed
significant increase in liver and kidney LPO levels in animals treated with lead nitrate while the effect was
attenuated by the plant extracts. Also, lead caused a significant decrease in antioxidant enzyme activity and this
effect was reversed in groups treated with plant extract. Treatment with coriander significantly reduced the
adverse effects related to biochemical parameters altered in animals treated with lead and to hepatic and renal
oxidative stress. Oral administration of coriander to lead treated mice attenuated the deranged histopathological
changes to some extent [81].

Cotoneaster racemiflora

The radioprotective effect of aqueous as well as alcoholic extracts of the Mann of the plant, against 2
Gy Gamma irradiation, was analyzed using micronucleus assay on bone marrow cells of male mice. Different
doses of 250, 500, 1000 mg/ kg/ bw for aqueous and 3750, 7500, 15000 mg/ kg/ bw for alcoholic extract were
administered (ip), for five constitutive days prior to 2 Gy gamma irradiation. The result compared with the
known radioprotective effect of vitamin E after the same treatment schedule. High frequency of micronucleus
was observed in non treated gamma-exposed mice, which represented the clastogenic effect of irradiation.
Vitamin E, aqueous and alcoholic extracts treated mice represented a 5.56, 3.32 and 2.1 times decrease in the
gamma-induced micronucleus frequency respectively [82].

Crocus sativus

The protective effect of aqueous saffron extract on neurotoxicity induced by aluminuim chloride
(AICIs) was evaluated in mice. Balb/c and C57BL/6 mice were injected with AICI;, 40 mg/kg/day for 45 days.
Each mice strain was divided into four groups: AICI; treated group, AICl; plus water saffron extract group
(administered with saffron extract at 200 mg/kg bw once a day for 45 days, AICI; plus honey syrup group
(administered with honey syrup at 500 mg/kg bw for 45 days). The control group received no treatment.
Oxidative stress and antioxidant status were estimated in the brain and differential display was performed for
both mice strains to scan the mRNA in the treated and non treated groups. In addition, the up and down
regulated genes were isolated, cloned and sequenced. The sequence analysis was performed and compared with
the other genes cited on GenBank. The results showed that there was a decrease in the activity of the antioxidant
enzymes (p<0.001) such as superoxide dismutase, catalase, and glutathione peroxidase in the AICl; groups of
both mice strains. The level of brain thiobarbituric acid reactive substances showed a significant increase
(p<0.001) of lipid peroxidation in the AICl; groups. There was an indication of carcinogenicity in the AICl;
treated group representing an increase in serum tumor markers such as arginase and a-I-fucosidase. More than
350 band patterns were obtained and about 22 different up-down regulated genes were observed. The sequence
analysis of the three selected up-regulated genes revealed that they were similar to B-cell lymphoma 2 (Bcl-2),
R-spondin and the inositol polyphosphate 4-phosphatase genes (INPP4B), respectively. The R-spondin gene
was up-regulated in all examined animals except the control ones but the other two genes were only induced in
the animals treated with AICI; and honey syrup. The authors conclude that the biochemical and molecular
studies revealed the neurotoxicity of AICI; in the brains of mice. In addition, there was an ameliorative change
with saffron extract and honey syrup against AICl; neurotoxicity. The obtained molecular results suggested that
AICI; made induction for BCL-W gene, which was an anticancer gene or belonged to the DNA repair system in
the brain cells, as well as for R-spondin and inositol polyphosphate 4-phosphatase genes, which helped in cell
proliferation [83-84].

The possible reversal effects of saffron against established aluminum (Al)-toxicity was investigated in
adult mice. Groups used included Control, Al-treated (50 mg AlClz/kg/day diluted in the drinking water for 5
weeks) and Al+saffron (Al-treatment +60 mg saffron extract/kg/day intraperitoneally for the last 6 days).
Learning/ memory, the activity of acetylcholinesterase [AChE, salt-(SS)/detergent-soluble(DS) isoforms],
butyrylcholinesterase (BuChE, SS/DS isoforms), monoamine oxidase (MAO-A, MAO-B), the levels of lipid
peroxidation (MDA) and reduced glutathione (GSH), in whole brain and cerebellum were assessted. Brain Al
and crocetin, the main active metabolite of saffron, were determined in brain after intraperitoneal saffron
administration by HPLC. Al caused memory impairment, significant decrease of AChE and BuChE activity,
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activation of brain MAO isoforms but inhibition of cerebellar MAO-B, significant elevation of brain MDA and
significant reduction of GSH content. Although saffron extract co-administration had no effect on cognitive
performance of mice, it reversed significantly the Al-induced changes in MAO activity and the levels of MDA
and GSH. AChE activity was further significantly decreased in cerebral tissues of Al+saffron group. The
biochemical changes support the neuroprotective potential of saffron under toxicity [85].

The effect of ethanol extract of Crocus sativus was evaluated in the treatment of experimental
autoimmune encephalomyelitis (EAE) in C57BL/6 mice. EAE was induced by immunization of 8 week old
mice with MOG(35-55) with complete Freunds adjuvant. Therapy with saffron was started on the day of
immunization. After daily oral dosage the saffron significantly reduced the clinical symptoms in C57BL/6 mice
with EAE. Also, treated mice displayed a delayed disease onset compared with control mice. TAC production
was significantly elevated in saffron treated mice. Effect of saffron on serum NO production was not
significant. Typical spinal cord leukocyte infiltration was observed in control mice compared with saffron
treated mice. The results suggested that saffron was effective in the prevention of symptomatic EAE by
inhibition of oxidative stress and leukocyte infiltration to CNS and may be potentially useful for the treatment
of multiple sclerosis (MS) [86].

The neuroprotective effect of saffron extract, its active component crocin and gamma-
glutamylcysteinylglycine (GSH) was studied in glucose-induced neurotoxicity, using PC12 cells as a suitable in
vitro model of diabetic neuropathy. Cell viability was quantitated by MTT assay. ROS was measured using
DCF-DA by flow cytometry analysis. The result showed that glucose (13.5 and 27 mg/ml) reduced the viability
of PC12 cells after 4 days. Saffron extract (5 and 25 mg/ml), crocin (10 and 50 muM) and GSH (10 muM)
decreased this toxicity. Glucose toxicity was associated with increased ROS production which reduced by
saffron, crocin and GSH pretreatment. The results suggested that saffron and its carotenoid crocin could be
potentially useful in diabetic neuropathy treatment [87].The preventive effect of the aqueous extract of saffron
was studied against diazinon (DZN) -induced rise of several specific inflammation, oxidative stress and
neuronal damage in rats. The saffron extract inhibited the effect of DZN on these biomarkers levels [88].

The modifying effects of Crocus sativus (CS) stigma extract on neurobehavioral activities,
malondialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase, glutathione reductase,
glutathione S-transferase, superoxide dismutase (SOD), catalase (CAT), and Na',K'-ATPase activities, and
glutamate (Glu) and aspartate (Asp) content were examined in the middle cerebral artery (MCA) occlusion
(MCAO) model of acute cerebral ischemia in rats. The right MCA of male Wistar rats was occluded for 2 hours
using intraluminal 4-0 monofilament, and reperfusion was allowed for 22 hours. MCAO caused significant
depletion in the contents of GSH and its dependent enzymes, with significant elevation of MDA, Glu, and Asp.
The activities of Na",K*-ATPase, SOD, and CAT were decreased significantly by MCAO. The neurobehavioral
activities (grip strength, spontaneous motor activity, and motor coordination) were also decreased significantly
in the MCAO group. All the alterations induced by ischemia were significantly attenuated by pretreatment with
CS (100 mg/kg of body weight, po) 7 days before the induction of MCAQO and correlated well with
histopathology by decreasing the neuronal cell death following MCAO and reperfusion [89].

A rat model of chronic cerebral hypoperfusion was used to determine the effect of saffron extract and
crocin on vascular cognitive impairment. Male adult Wistar rats were administered different doses of an
aqueous solution of crocin or hydroalcohol extract of saffron intraperitoneally (ip), 5 days after permanent
occlusion of the common carotid arteries. Spatial learning and memory were assessed in training trials, 7-
11 days after common carotid artery ligation using the Morris water maze. The results showed that the escape
latency time was significantly reduced from 24.64s in the control group to 8.77 and 10.47s by crocin (25 mg/kg)
and saffron extract (250 mg/kg). The traveled distance to find the platform was also changed from 772 cm in the
control group to 251 and 294 cm in the crocin (25 mg/kg) and saffron extract (250 mg/kg) groups. The
percentages of time spent in the target quadrant, in comparison with the control group (24.16%), was increased
to 34.25% in the crocin (25 mg/kg) and 34.85% in the saffron extract (250 mg/kg) group. Accordingly,
saffron extract and crocin improved spatial cognitive abilities following chronic cerebral hypoperfusion, the
effect which may be related to the antioxidant effects of these compounds [90].

The ameliorative effect of saffron aqueous extract on hyperglycemia, hyperlipidemia, and oxidative
stress was studied in diabetic encephalopathy in streptozotocin induced diabetes mellitus in rats. Saffron at 40
and 80 mg/kg significantly increased body weight and serum TNF-o and decreased blood glucose levels,
glycosylated serum proteins, and serum advanced glycation endproducts (AGEs) levels. Furthermore,
significant increase in HDL and decrease (P<0.05) in cholesterol, triglyceride, and LDL were observed after 28
days of treatment. At the end of experiments, the hippocampus tissue was used for determination of glutathione
content (GSH), superoxide dismutase (SOD), and catalase (CAT) activities. Saffron significantly increased
GSH, SOD, and CAT in the the hippocampus tissue, but remarkably decreased cognitive deficit, serum TNF-a,
and induced nitric oxide synthase (iNOS) activity in hippocampus tissue. Accordingly saffron extract reduced
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hyperglycemia and hyperlipidemia risk and also reduced the oxidative stress in diabetic encephalopathy rats
[91].

The protective effects of saffron extract and crocin was evaluated in chronic - stress induced oxidative
stress damage of the brain, liver and kidneys in rats. Rats were injected with a daily dose of saffron extract (30
mg/kg, ip) or crocin (30 mg/kg, ip) during a period of 21 days following chronic restraint stress (6 h/day). In
order to determine the changes of the oxidative stress parameters following chronic stress, the levels of the lipid
peroxidation product, malondialdehyde (MDA), the total antioxidant reactivity (TAR), as well as antioxidant
enzyme activities glutathione peroxidase (GPx), glutathione reductase (GR) and superoxide dismutase (SOD)
were measured in the brain, liver and kidneys tissues after the end of chronic stress. In the stressed animals that
receiving saline, the levels of MDA, and the activities of GPx, GR, and SOD were significantly higher
(P<0.0001) and the TAR capacity was significantly lower than those of the non-stressed animals (P<0.0001).
Both saffron extract and crocin were able to reverse these changes in the stressed animals as compared with the
control groups (P<0.05). These observations indicate that saffron and its active constituent crocin can prevent
chronic stress-induced oxidative stress damage of the brain, liver and kidneys [92].

The protective effects of hydroalcoholic extract from Crocus sativus petals (CSP) against
Acetaminophen (APAP) -induced hepatotoxicity was evaluated in male rats. Rats were treated with either
low dose (10 mg /kg) or high dose (20 mg/kg) of CSP before receiving APAP (600 mg/kg, iv). The APAP
treatment resulted in higher levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
bilirubin, along with lower total protein and albumin concentration than the control group. The administration
of CSP with a dose of 20 mg/kg resulted in lower levels of AST, ALT and bilirubin, with a significant higher
concentration of total protein and albumin. The histopathological results regarding liver pathology, revealed cell
swelling, severe inflammation and necrosis in APAP-exposed rats, which was quiet contrasting compared to the
control group. The pre-treated rats with low doses of CSP showed hydropic degeneration with mild necrosis in
centrilobular areas of the liver, while the same subjects with high doses of CSP appeared to have only mild
hepatocyte degeneration. It was appeared that the antioxidant property of CSP resulted in reducing the
oxidative stress complications of toxic levels of APAP in intoxicated rats, and 20 mg/kg of CSP ameliorates
APAP-induced acute liver injury in rats [93].

The potential protective effect of saffron ethanol extract (SEE) in a rat model upon hepatic ischemia-
reperfusion (IR) injury was studied. Caspases 3 and terminal deoxynucleotidyl transferase-mediated dUTP
biotin nick end labeling (TUNEL) results showed increased cell death in the IR samples; reversely, minor
apoptosis was detected in the SEE/IR group. Pretreatment with SEE significantly restored the content of
antioxidant enzymes (SOD and catalase) and remarkably inhibited the intracellular ROS concentration in terms
of reducing p47phox translocation. Proteome tools revealed that 20 proteins were significantly modulated in
protein intensity between IR and SEE/IR groups. Particularly, SEE administration attenuate the carbonylation
level of several chaperone proteins [94].

The protective effect of ethanolic extract of Crocus sativus stigma (EECSL.S) was evaluated against
rifampin-induced hepatotoxicity in the rats in comparison with standard drug silimarin. Male Wistar rats with
were randomly assigned into 5 groups. Group | as normal control received normal saline (10 ml/kg) and group
II as toxicant control received rifampin (500 mg/kg). Group III as positive control received silymarin plus
rifampin (500 mg/kg) and groups IV and V (50 mg/kg) received EECSL.S at 40 and 80 mg/kg plus rifampin,
respectively. All the treatments were given through gavage for 1 month. At the end of experiment, levels of
liver function marker enzymes (aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase),
total bilirubin, albumin and total proteins were assessed in serum of the rats. In rifampin-treated rats, silymarin
and EECSL.S (40 and 80 mg/kg) were significantly decreased the levels of serum biomarker of hepathic injury
and total bilirubin and elevated the levels of albumin and total proteins. Histopathologically, silymarin and
EECSL.S ameliorated rifampin induced hepatic injury [95].Crocin possessed hepatoprotective effects against
aflatoxin B1 hapatotoxicity via the reduction of hepatic (AST, ALT, ALP and y-GGT) and via its antioxidant
activity in rats [96].

The effect of aqueous extract of Crocus sativus stigmas (CSE) and crocin (trans-crocin 4) was
examined on methyl methanesulfonate (MMS)-induced DNA damage in multiple mice organs using the comet
assay. Adult male NMRI mice in different groups were treated with either physiological saline (10 ml/kg, ip),
CSE (80 mg/kg, ip), crocin (400 mg/kg, ip), MMS (120 mg/kg, ip), and CSE (5, 20, and 80 mg/kg, ip) 45 min
prior to MMS administration or crocin (50, 200, and 400 mg/kg, ip) 45 min prior to MMS administration. Mice
were sacrificed about 3 h after each different treatment, and the alkaline comet assay was used to evaluate the
effect of these compounds on DNA damage in different mice organs. A significant increase in the % tail DNA
was seen in nuclei of different organs of MMS-treated mice. In control groups, no significant difference was
found in the % tail DNA between CSE- or crocin-pretreated and saline-pretreated mice. The MMS-induced
DNA damage in CSE-pretreated mice (80 mg/kg) was decreased between 2.67-fold (kidney) and 4.48-fold
(lung) compared to those of MMS-treated animals alone (p<0.001). This suppression of DNA damage by CSE
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was found to be depended on the dose, pretreatment with CSE (5 mg/Kg) only reduced DNA damage by 6.97%,
6.57%, 7.27%, and 9.90% in liver, lung, kidney, and spleen, respectively (p>0.05 as compared with MMS-
treated group. Crocin also significantly decreased DNA damage (between 4.69-fold for liver and 6.55-fold for
spleen, 400 mg/Kg) [97].

The genotoxic potential of anti-tumor drugs limits their efficacy in the treatment of cancers. The
chemoprotective potential of saffron against the genotoxicity of three well-known anti-tumor drugs-cisplatin
(CIS), cyclophosphamide (CPH) and mitomycin-C (MMC)—was studied using comet assay. Three doses of
saffron (20, 40 and 80 mg/kg b.w.) were orally administered to mice for five consecutive days prior to the
administration of anti-tumor drugs under investigation. Pre-treatment with saffron significantly inhibited anti-
tumor drugs induced cellular DNA damage (strand breaks) as revealed by decreased comet tail length, tail
moment and percent DNA in the tail. These findings, suggest a potential role for saffron as an anti-genotoxic,
anti-oxidant and chemopreventive agent and could be used as an adjuvant in chemotherapeutic applications
[98].

Experiments were carried out to ascertain whether or not saffron (dried stigmas of Crocus sativus L.),
exert modulatory effects on the in vivo genotoxicity of cisplatin (CIS), cyclophosphamide (CPH), mitomycin C
(MMC) and urethane (URE). Swiss albino mice were pretreated for five consecutive days with three doses (20,
40 and 80 mg/kg body weight) of the aqueous extract of saffron. Genotoxic effects were assessed in the mouse
bone marrow micronucleus test. The results showed that pretreatment with saffron significantly inhibited the
genotoxicity of CIS, CPH, MMC and URE. This inhibitory effect was not always dose-dependent. In addition,
the hepatic glutathione S-transferase (GST) activity was assessed in the control and treated animals. No
significant change in GST activity was observed after pretreatment with saffron alone. Treatment with the
genotoxins alone significantly inhibited GST activity [99].

Crocus sativus (CSE) (250 mg/kg, po) was also effective in preventing acetaldehyde-induced
inhibition of LTP in the dentate gyrus of anesthetized rats. These results suggest that CSE can prevent aversive
effects induced by ethanol and its metabolite acetaldehyde [100].

The modifying effects of the aqueous extract of saffron (dried stigmas of Crocus sativus) on cisplatin
(CIS), cyclophosphamide (CPH), mitomycin-C (MMC) and urethane (URE) induced alterations in lipid
peroxidation and antioxidant status were investigated in Swiss albino mice. Three doses of saffron (20, 40 and
80 mg/kg body weight) were orally administered to mice for 5 consecutive days prior to administration of
genotoxins. A significant reduction in the extent of lipid peroxidation with a concomitant increase in the liver
enzymatic (SOD, CAT, GST, GPx) and non-enzymatic antioxidants were observed in saffron pretreated animals
compared with the genotoxins alone treated animals. However, the modulatory effects were not always dose
dependent. Data suggested that saffron may exerted its chemopreventive effects by modulation of lipid
peroxidation, antioxidants and detoxification systems [101].

Saffron (dried stigmas of Crocus sativus), was evaluated in the mouse bone marrow micronucleus test
for its possible protective effects against chromosomal damage induced by cisplatin (CIS), mitomycin-C
(MMC) and urethane (URE). Three doses of saffron (25, 50 and 100 mg/kg body weight) were orally
administered to mice for five consecutive days prior to administration of genotoxins under investigation. From
the results obtained, it was evident that the administration of 50 and 100 mg saffron/kg bw significantly
inhibited the in vivo genotoxicity of these genotoxins. However, all the three doses of saffron were effective in
exerting a protective effect against urethane [102].

It appeared that concurrent administration of Crocus sativus reduced the toxicity of cisplatin in rats.
When cisplatin was administered ip for 5 alternate days as 3 mg/kg, Crocus sativus stigmas (50 mg/kg)
significantly reduced blood urea nitrogen (BUN) and serum creatinine levels as well as cisplatin-induced serum
total lipids increases. In contrast, the protective agents given together (Cysteine, vitamin E, Crocus sativus and
Nigella sativa) with cisplatin led to an even greater decrease in blood glucose than that seen with cisplatin
alone. The serum activities of alkaline phosphatase, lactate dehydrogenase, malate dehydrogenase, aspartate
aminotransferase and alanine aminotransferase of cisplatin-treated rats were significantly decreased, whereas
the activities of glutathione reductase and isocitrate dehydrogenase were significantly increased. Addition of
cysteine and vitamin E, Crocus sativus and Nigella sativa in combination with cisplatin partially prevented
many changes in the activities of serum enzymes. In cisplatin-treated rats, the liver activities of isocitrate
dehydrogenase and aspartate aminotransferase were significantly increased, whereas much greater changes were
found in the kidneys, with increased activity of glucose-6-phosphate dehydrogenase and decreased activities of
alkaline phosphatase, isocitrate dehydrogenase, malate dehydrogenase, aspartate aminotransferase, alanine
aminotransferase, sorbitol dehydrogenase and y -glutamyl transferase, as well as a decreased phosphorylation to
oxidation ratio in the mitochondria, indicating reduced adenosine triphosphate production. Also, administration
of cysteine and vitamin E, Crocus sativus and Nigella sativa together with cisplatin partially reversed many of
the kidney enzymes changes induced by cisplatin. Cysteine together with vitamin E, Crocus sativus and Nigella
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sativa tended to protect from cisplatin-induced falls in leucocyte counts, haemoglobin levels and mean osmotic
fragility of erythrocytes and also prevented the increase in haematocrit [103-104].

The protective effect of Crocus sativus on gentamicin nephrotoxicity was investigated in rats. Male
rats were treated with saffron (40 or 80 mg/k/day) for 10 days, or saffron (40 or 80 mg/ kg/day) for 10 days and
gentamicin 80 mg/kg/day for five days, starting from day 6. At the end of treatment, blood samples were taken
for measurement of serum creatinine (SCr) and BUN. The left kidney was prepared for histological evaluation
and the right kidney for malondialdehyde (MDA) measurement. Gentamicin 80 (mg/k/day) increased SCr, BUN
and renal tissue levels of MDA and induced severe histological changes. Saffron at 40 mg/kg/day significantly
reduced gentamicin-induced increases in BUN and histological scores (p<0.05). Gentamicin-induced increases
in BUN, SCr and MDA and histological injury were significantly reduced by treatment with saffron 80 mg/k/d
(p<0.05, p<0.001, p<0.05, and p<0.001 respectively) [105].

The protective effect of saffron aqueous extracts in the cytogenetic and testicular damage induced by
the antiepileptic drug, sodium valporate (SVP) was investigated in albino rats. Animals given SVP and saffron
showed an improvement in chromosomal aberrations, mitotic index, DNA damage and testicular alterations
caused by SVP. Moreover, MDA decreased and CAT and RAP increased. The authors concluded that the
ameliorative effects of saffron extract against SVP-induced cytogenetic and testicular damage in albino rats
could be attributed to one or more antioxidant components of saffron [106].

The extract of Crocus sativus stigmas partially prevented the decreases in body weight, hemoglobin
levels and leucocyte counts caused by 2 mg/kg of cisplatin ip for 5 days in mice. Treatment with the Crocus
sativus extract also significantly prolonged the life span of cisplatin-treated mice almost three-fold [107].

Crotalaria juncea

The petroleum ether extract of Crotalaria juncea seed at low and high dose (100 and 500mg/kg) were
tested for its efficacy against thioacetamide induced acute hepatic damage in rats. The different groups of rats
were administered with thioacetamide (100mg/kg, sc). Drug Silymarin (100 mg/kg,) was used as reference
standard. The rats were monitored for biochemical changes of serum glutamate oxaloacetate transaminase,
serum glutamate pyruvate transaminase, serum alkaline phosphatase, and bilirubin (total and direct). Activity of
antioxidant enzymes such as superoxide dismutase and catalase in liver tissue homogenate and
Histopathological changes were observed. According to the results, it was proved that the crotalaria juncea
seed extract (CJSE) possessed hepatoprotective potency in a dose dependent manner by reducing the elevated
levels of marker enzymes and by increasing the decreased antioxidant enzyme activity [108-109].

Cuminum cyminum

The effect of Cuminum cyminum (Cumin) on kidney exposed to profenofos was evaluated in female
swiss albino mice. The results showed that cumin was effective in normalizing the uric acid and creatinine
level [110-111].

Depression in growth, hepatotoxicity and nephrotoxicity were observed in rats that had been given
paracetamol at 500 mg/kg orally for 4 weeks. These findings were accompanied by leucopenia, macrocytic
normochromic anemia and alterations of serum aspartate aminotransferase, alanine aminotransferase and
alkaline phosphatase activities and concentrations of cholesterol, urea and other serum constituents. Serum
bilirubin did not change. In rats given the mixture of paracetamol 500 mg/ kg plus 6% Cuminum cyminum fruit
for 4 weeks, the recovery of paracetamol hepatotoxicity was evidenced by increase in body weight, absence of
hepatocellular fatty vacuolation and significant improvement of serbiochemical and hematological parameters
[112].

The effects of cumin on sperm quality and testicular tissue was evaluated following experimentally
induced copper poisoning (copper sulphate 100 mg/kg) in mice. Cuminum cyminum was used at dose of
1 mg/kg. The results showed that sperm concentration, motility and viability in copper group were
significantly decreased at weeks 4 and 6, and severe degenerative changes were observed in testicular tissues in
comparison with the control group. In cumin treated group, significant improvement in the sperm count,
motility and viability, and normal architecture in most seminiferous tubules with organized epithelium was
observed compared to the copper group [113].

Cupressus sempervirens

The Cupressus sempervirens extract was investigated for its therapeutic effect against CCl,
hepatotoxicity by biochemical (serum total proteins, albumin, urea, creatinine, LDH) and histopathological
evaluations. A single intraperitoneal dose of 10% CCl, in olive oil (1 ml/kg body weight) was administered to a
group of female Wister rats as the injury group. The other group was given CCl,; and administered with
Cupressus sempervirens extract three times per week for six weeks and a further group administered CCl, was
left for six weeks to allow self-recovery. At the end of experiment, the rats from all groups were sacrificed for
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sampling for biochemical and histological analysis. Remarkable disturbances were observed in the levels of all
tested parameters. On the other hand, rats injected with the toxic agent and left for one and a half month to self
recover showed moderate improvements in the studied parameters. Treatment with herbal extract ameliorated
the levels of the disturbed biochemical parameters. The Cupressus sempervirens group also showed
histopathological liver & kidney profiles close to those of the control group [114-115].

Pre-treatment with either hydroethanolic extract (250 mg/kg/day, po) or silymarin (50 mg/kg/day, po)
for 4 weeks has good safety profile in normal rats and exhibited a marked hepatoprotection against single toxic
dose of paracetamol (4 g/.kg bw, po) as proved from marked decline in the DNA fragmentations and inhibition
in the percentage of chromosomal aberrations in bone marrow cells [116].

The possible protective effect of Cupressus sempervirens and its flavonoids (quercetin and rutin)
against the toxicological effect of lead acetate to the liver was evaluated. 30 Male albino rats and divided into
five groups (six per group). Group I, served as control, group Il exposed to 0.5 mg/g concentrations of lead
acetate in diet for 60 days. Group Il was received daily doses of 8 mg/100g bw of Cupressus sempervirens
(liophilized from methanol extract of seeds) two weeks prior to lead acetate administration. Group 1V received
daily doses of 0.3 mg/100g bw of the flavonoid quercetin two weeks prior to lead acetate administration; Group
V was received daily doses of 0.1 mg/100g bw of the flavonoid rutin two weeks prior to lead acetate
administration. Lead acetate caused a significant increase in serum and tissue AST, ALT, ALP, bilirubin, serum
and tissue MDA, plasma and tissue NO, in addition to, highly significant increase in serum cholesterol, LDL,
triglycerides and HDL. On the contrary, lead induced a significant decrease in serum and tissue total protein,
albumin, globulin, albumin/globulin ratio, blood and tissue SOD and GPx compared to control group.
Administration of Cupressus sempervirens methanol extract, quercetin and rutin two weeks prior to lead acetate
prevented the elevation of these parameters. Accordingly, the treatment with Cupressus sempervirens methanol
extract and its flavonoids may provide a partial protection against the toxic effect induced by lead acetate [117].

Cuscuta planiflora

The in vivo hepatoprotective activity of methanolic extract of whole plant was studied in carbon
tetrachloride (CCly) induced hepatotoxicity animal model using albino rats. The results showed that, the
methanolic extract exerted significant hepatoprotective activity against CCl, induced hepatotoxicity by
suppressing CCl, induced cellular oxidative stress. Furthermore, these results confirmed by enzymatic and
histological study [118].

Cydonia oblonga

The putative role of quince (Cydonia oblonga) leaf extract in protection and/or alleviation of the
negative impacts of UVA on some biochemical and hematological variables was studied in economically
important African catfish. A significant (P<0.05) decrease in the red blood cell counts, hemoglobin and
hematocrit were recorded in the groups exposed to UVA compared to the control groups. Exposure to UVA
induced marked red cell shrinkage (increased mean cell hemoglobin concentration) and showed an elevation in
mean cell volume and mean cell hemoglobin in the blood of the exposed fish compared to the control. A
significant (P<0.05) reduction in the total white blood cells was also recorded in the exposed fish compared to
the control. The biochemical parameters (blood glucose, total plasma protein, blood cholesterol, plasma
creatinine, aspartic amino transferase and alanine amino transferase) were also exhibited a significant increase
in the blood of fish exposed to UVA. Methanolic extract of quince leaf before ripening of the fruits had the
ability to prevent hematotoxic stress induced by UVA and resulted in enhancement of the immune system of
catfish represented by significant (P<0.05) increase in the number of white blood cells and lymphocytes of the
catfish. Quince extract also protected the red blood cells and biochemical parameters from UVA effects [119-
120].

The efficacy of quince extracts (Cydonia oblonga) against hyperlipidemia-induced renal injury was
studied in rabbits fed on a cholesterol-rich diet with and without a quince leaf extract supplement. Mild
glomerular injury and moderate tubular damage were apparent in all rabbits in diseased untreated group, while
only milder tubular injury was detected in all animals in groups treated by quince extracts [121].

Cymbopogon schoenanthus

The preventive potential of ethanol extract of Cymbopogon schoenanthus (CSEE) was studied against
stress disorders at in vitro and in vivo levels. It was evaluated in H,O,-induced cytotoxicity in mice and stress
in human neuroblastoma SH-SY5Y cells. Daily oral administration of 100mg/kg and 200mg/kg CSEE was
conducted to mice for 2 weeks. It was resulted in a significant decrease of immobility time in forced swimming
and tail suspension tests. The effect of CSEE on animal behavior was concordant with a significant regulation
of blood serum corticosterone and cerebral cortex levels of catecholamine (dopamine, adrenaline, and
noradrenaline). The results also demonstrated that pretreatment of neuroblastoma SH-SY5Y cells with CSEE at
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1/2000, 1/1000, and 1/500 v/v dilutions, significantly inversed H,0O,-induced neurotoxicity. Moreover, CSEE
treatments significantly reversed heat shock protein expression in heat-stressed HSP47-transformed cells (42 °C,
for 90 min) and mRNA expression of HSP27 and HSP90 in H,O,-treated SH-SY5Y [122].

The effects of Cymbopogon schoenanthus was investigated in experimental induced kidney stones in
male Wistar albino rats. Oxalate nephrotoxicity was experimentally induced by 200 mg single dose of glycolic
acid given orally (gavage). The rats were divided into three groups: positive control (glycolic acid), test
(glycolic acid plus Cymbopogon schoenanthus), and negative control (drinking water). Urine analysis of blood
urea nitrogen (BUN), creatinine, and calcium revealed significant differences in induction groeup compared to
control. In addition, significant pathological changes were found in the kidney revealed by histopathological
studies. Daily oral treatment with the Cymbopogon schoenanthus (1 ml of the extract) significantly corrected
the incidence of nephrotoxicity (BUN, creatinine and calcium level differences). Moreover, a highly potent
diuretic activity was recorded for Cymbopogon schoenanthus. After three days of experiments, five treated rats
with the glycolic acid only died. The rest of animal survived and looked healthy. The author concluded that the
Cymbopogon scheonanthus extract has prophylactic effect in oxalate stone formation [123].

Cynodon dactylon

The effect of Cynodon dactylon in restoration of the male reproductive dysfunction induced by
immobilization stress, was studied by evaluation sexual behavioral, sexual performance, fructose content of the
seminal vesicles, epididymal sperm concentration and histopathological examinations. Treatment of rats under
stress with methanolic extract of Cynodon dactylon has shown a promising effect in overcoming stress-induced
sexual dysfunction, sexual performance, fructose content, sperm concentration and its effect on accessory
sexual organs and body weight. The authors concluded that Cynodon dactylon methanolic extract had a potent
aphrodisiac and male fertility activity [124].

The methanolic extract of roots of Cynodon dactylon was screened for its hepato-protective activity in
diethyl nitrosamine (DEN) induced liver cancer in Swiss albino mice. The plant extract at a dose of 50 mg/kg
was administered orally once a week, up to 30 days after DEN administration. Diethyl nitrosamine treated
group showed low significant elevation (p<0.05) in liver GST activity with respect to control, whereas the
control, DEN + Cynodon dactylon, DEN + tamoxifen treated animals did not shown any alteration. A highly
significant (p<0.01) elevation in GPx activity was observed in DEN treated mice, whereas DEN + Cynodon
dactylon showed low significant alteration, while saline and DEN + tamoxifen treated animals did not show any
significant alteration. DEN, DEN + Cynodon dactylon showed low significant depletion (p<0.05) in liver CAT
activity with respect to control, whereas saline and DEN + Tamoxifen treated animals did not showed any
significant alteration [125].

The hepatoprotective activity of roots of Cynodon dactylon in CCl, induced hepatotoxicity was
studied in albino rabbits. Alcoholic extracts of roots of Cynodon dactylon was administered orally for 20 days
in a doses of 100mg/kg/day. Cynodon dactylon extract was able to bring down the level of serum transaminase,
serum alkaline phosphatase, serum bilirubin and increased in serum albumin significantly (p<0.001), when
compared with untreated group [126].

The neuroprotective effects of the aqueous extract of Cynodon dactylon (AECD) was investigated in
aluminium-induced neurotoxicity in rats. Male albino rats were administered with AICl; at a dose of
4.2 mg/kg/day ip for 4 weeks. Experimental rats were given Cynodon dactylon extract in two different doses of
300 mg and 750 mg/keg/day orally 1 h prior to the AICI; administration for 4 weeks. At the end of the
experiments, antioxidant status and activities of ATPases in cerebral cortex, hippocampus and cerebellum of rat
brain were measured. Aluminium administration significantly decreased the level of GSH and the activities of
SOD, GPx, GST, Na'/K* ATPase, and Mg?* ATPase and increased the level of lipid peroxidation (LPO) in all
the brain regions when compared with control rats. Pre-treatment with AECD at a dose of 750 mg/kg bw
increased the antioxidant status and activities of membrane-bound enzymes Na'/K* ATPase, and Mg®* ATPase
and also decreased the level of LPO significantly, when compared with aluminium-induced neurotoxicity group
[127].

The effect of hydroalcoholic extract of Cynodon dactylon was evaluated in ethylene glycol-induced
nephrolithiasis in a rat model. Cynodon dactylon extract reduced the levels of calcium oxalate deposition
especially in medullary and papillary sections from of the kidney of the treated rats [128].

The beneficial effect of different fractions of Cynodon dactylon was studied in ethylene glycol-
induced kidney calculi in rats. Male Wistar rats were randomly divided into control, ethylene glycol, curative,
and preventive groups. The control group received tap drinking water for 35 days. Ethylene glycol, curative,
and preventive groups received 1% ethylene glycol for induction of calcium oxalate (CaOx) calculus.
Preventive and curative subjects also received different fractions of Cynodon dactylon extract in drinking water
at 12.8 mg/kg, since day 0 and day 14, respectively. After 35 days, the kidneys were removed and examined for
histopathological findings and counting the CaOx deposits in 50 microscopic fields. In curative protocol,
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treatment of rats with Cynodon dactylon n-butanol fraction, significantly reduced the number of the kidney
CaOx deposits compared to ethylene glycol group. In preventive protocol, treatment of rats with Cynodon
dactylon ethyl acetate fraction significantly decreased the number of CaOx deposits compared to ethylene
glycol group [129-130].

Cyperus rotuntdus

The effects of Cyperus rotundus rhizome on cellular lipogenesis and non-alcoholic/diet-induced fatty
liver disease, and the molecular mechanism of these actions were studied. It appeared that the hexane
fraction of Cyperus rotundus rhizome reduced the elevated transcription levels of sterol regulatory element
binding protein-1c (SREBP-1c) in primary hepatocytes following exposure to the liver X receptor o (LXRa)
agonist. The SREBP-1c gene was a master regulator of lipogenesis and a key target of LXRa. CRHF inhibited
not only the LXRa-dependent activation of the synthetic LXR response element (LXRE) promoter, but also the
activation of the natural SREBP-1c promoter. Moreover, the hexane fraction of Cyperus rotundus decreased (i)
the recruitment of RNA polymerase Il to the LXRE of the SREBP-1¢ gene; (ii) the LXRa-dependent up-
regulation of various lipogenic genes; and (iii) the LXRa-mediated accumulation of triglycerides in primary
hepatocytes. Furthermore, the hexane fraction of Cyperus rotundus ameliorated fatty liver disease and reduced
the expression levels of hepatic lipogenic genes in high sucrose diet (HSD)-fed mice. CRHF did not affect the
expression of ATP-binding cassette transporter Al, another important LXR target gene that was required for
reverse cholesterol transport (RCT) and protected against atherosclerosis. Accordingly, these results suggested
that the hexane fraction of Cyperus rotundus might be a novel therapeutic remedy for fatty liver disease through
the selective inhibition of the lipogenic pathway [131-132].

The neuroprotective effects of a water extract of Cyperusrotundus rhizoma against 6-
hydroxydopamine (6-OHDA)-induced neuronal damage were evaluated in an experimental model of Parkinsons
disease. In PC12 cells, water extract of Cyperus rotundus rhizoma showed a significant protective effect on cell
viability at 50 and 100 microg/ml. Water extract of Cyperus rotundus rhizoma inhibited generation of reactive
oxygen species and nitric oxide, reduction of mitochondrial membrane potential, and caspase-3 activity, which
were induced by 6-OHDA. Water extract of Cyperus rotundus rhizoma also showed a significant protective
effect against damage to dopaminergic neurons in primary mesencephalic culture [133].

The possible neuroprotective effects of the ethanol extract of Cyperus rotundus on a model of global
transient ischemia in rat was investigated by evaluating the pathophysiology of the hippocampal tissue and
spatial memory. The group treated with the ethanol extract of Cyperus rotundus (100 mg/kg/day) was gavaged
from 4 days before, to 3 days after ischemia. Morris water maze test was performed 1 week after ischemia for 4
days. Brain tissue was prepared for Nissl staining. Data showed no statistical difference between the treatment
and ischemia groups in water maze task. So, treatment of ischemia with the ethanol extract
of Cyperus rotundus cannot improve spatial learning and memory. On the contrary the ethanol extract
of  Cyperus rotundus ameliorated the CA1 pyramidal cell loss due to transient global
ischemia/reperfusion injury [134].

The neuroprotective effect of total oligomeric flavonoids (TOFs), prepared from Cyperus rotundus,
was studied in rat model of cerebral ischemia and reperfusion. Male Sprague Dawley rats were subjected to
middle cerebral artery occlusion (MCAO) for 2h and reperfusion for 70h. Experimental animals were divided
into four groups: Group | - sham operated; Group Il - vehicle treated ischemic-reperfusion (IR), and Group 111
and 1V - TOFs treated (100 and 200mg/kg body weight, po, respectively). Vehicle or TOFs were pretreated for
four days before the induction of ischemia and continued for next three days after the ischemia i.e. treatment
was scheduled totally for a period of 7 days. MCAO surgery was performed on day 4, 1lh after TOFs
administration. Neuroprotective effect of TOFs was substantiated in terms of neurological deficits,
excitotoxicity (glutamate, glutamine synthetase and Na*-K" -ATPase levels), oxidative stress (malondialdehyde,
super oxide dismutase, and glutathione) and neurobehavioral functions in the experimental animals. TOFs
decreased glutamate, glutamine synthetase (GS) and increased Na'-K* -ATPase activity in a dose dependent
manner when compared to the IR rats. Treatment with TOFs significantly reduced the neurological deficits and
reversed the anxiogenic behavior in rats. Furthermore, it also significantly decreased MDA and increased
superoxide dismutase (SOD) and glutathione contentin brains of experimental rats. Histopathological
examination using cresyl violet staining revealed the attenuation of neuronal loss by TOFs in stroke rats [135].

The protective effect of 200 and 400 mg/kg of ethanol extract of Cyperus rotundus against sodium
nitrite-induced hypoxia injury in rats was evaluated by assessing the cognitive functions, motor, and
behavioral effects of ethanol extract of Cyperus rotundus treatment along with the histological changes in the
brain. Ethanol extract of Cyperus rotundus at doses of 200 and 400 mg/kg was able to protect against the
cognitive impairments, and the locomotor activity and muscular coordination defects, which were affected by
sodium nitrite-induced hypoxia injury in rats [136]. The protective effects of  Cyperus rotundus
rhizome extract were evaluated through its oxido-nitrosative and anti apoptotic mechanism to attenuate
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peroxynitrite (ONOQO") induced neurotoxicity, using humanneuroblastoma SH-SY5Y cells. The results
elucidate that pre-treatment of neurons with Cyperus rotundus rhizome extract ameliorates the mitochondrial
and plasma membrane damage induced by 500 pM SIN-1 to 80% and 24% as evidenced by MTT and LDH
assays. CRE inhibited NO generation by down-regulating i-NOS expression. SIN-1 induced depletion of
antioxidant enzyme status was also replenished by Cyperus rotundus rhizome extract which was confirmed by
immunoblot analysis of SOD and CAT. The Cyperus rotundus rhizome extract pre-treatment efficiently
potentiated the SIN-1 induced apoptotic biomarkers such as bcl-2 and caspase-3 which orchestrate the
proteolytic damage of the cell. The ONOO" induced damage to cellular, nuclear and mitochondrial integrity was
also restored by Cyperus rotundus rhizome extract. Furthermore, Cyperus rotundus rhizome extract pre-
treatment also regulated the 3-NT formation which revealed the potential of plant extract against tyrosine
nitration [137].

1. CONCLUSION
The paper reviewed the hepato- and nephro-protective e effects of the medicinal plants to be used for
neutralization and detoxification of the toxic effects of drugs and poisons and to open the door for further
phytochemical analysis and clinical trials.
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