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ABSTRACT: Cardaria draba commonly known as whitetop or hoary 

cress is a perennial herb that is native to Eastern Europe and eastern Asia, 

including Iran. In this study, the effects of alcoholic extract of Cardaria 

draba (25, 50 and 100 mg/kg) via oral gavage for 2 weeks alone and on 

scopolamine (1 mg /kg/d, 4 days, i.p.) - zinc chloride (75 mg/kg/d, 2 

weeks oral gavage) - and sodium metavanadate (22.5 mg/kg/d, 2 weeks 

oral gavage) - induced avoidance memory retention alterations were 

investigated in the step-through passive avoidance task. Zinc chloride and 

scopolamine were dissolved in saline and sodium metavanadate were 

dissolved in animal’s drinking water. At the end of each part of studies, 

animals were trained for one day in a step-through task. The avoidance 

memory retention alterations were evaluated 24 h, 48 h, 96 h and 168 h 

later to the training session. Zinc chloride and sodium metavanadate oral 

gavage for 2 weeks decreased latencies compared to control animals. 

Also, four days intra-peritoneal injection of scopolamine decreased 

latency compared to control animals. Finally, findings of this research 

showed that 2 weeks oral gavage of alcoholic extract of Cardaria draba 

(100 mg/kg) prevented scopolamine-, zinc chloride- and sodium 

metavanadate- induced avoidance memory retention impairments. 

INTRODUCTION: Cardaria draba (Hoary cress, 

Lepidium draba or whitetop), is a perennial herb in 

the mustard family that can grow up to 2 ft. (0.6 m) 

tall. The leaves are soft, gray-green, 1.5-3 in. (3.7-

7.6 cm) long with fine hairs and heart-shaped 

bases
1
.  
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Hoary cress is native to Central Europe and 

Western Asia including Iran and was first 

introduced into the United States in the early 20
th 

century. Expectorant, laxative, anti-inflammatory, 

diuretic, antiscorbutic, and appetitive effects of 

Cardaria draba were described in previous studies 
2-5

. 

The pathophysiology of Alzheimer’s disease (AD) 

is complex and involves several different 

biochemical pathways such as cholinergic system 

dysfunctions in the basal forebrain and 

hippocampus 
6, 7

. It is known that acetylcholine 

(ACh) is an important neurotransmitter related to 
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memory and learning processes. Excessive 

acetylcholine esterase (AChE) activity leads to 

constant ACh deficiency, memory and cognitive 

impairments 
8
.  

It has been demonstrated that there is a specific 

deficiency in Ach, choline acetyltransferase, and an 

increase in AchE in autopsy material from patients 

with Alzheimer’s disease 
9
. Muscarinic cholinergic 

receptor antagonists are known to induce 

impairments in learning and memory. Scopolamine 

and atropine, competitive muscarinic receptor 

antagonists, have been shown to impair the learning 

and memory of rodents in a variety of behavioral 

tasks, such as the passive avoidance response test 

and water maze test 
10, 11

. 

Zinc is the most abundant and the most soluble of 

the transition metals in natural systems. Zinc is an 

essential micronutrient involved in numerous 

physiological functions. Zinc deficiency has been 

shown to impair cognitive functioning, but little 

work has been done on the effects of elevated zinc. 

There are reports about the memory impairments, 

apoptosis, and cytotoxicity induced by an excess 

level of zinc consumption. Therefore, its balanced 

concentration is required for normal behavior, CNS 

development and preventing of neurological 

disorders such as Alzheimer's disease 
12-15

. 

Vanadium (V), a metalloid which is widely 

distributed in the environment, has been shown to 

exert toxic effects on a variety of biological 

systems including the nervous system 
16

.  

This experimental study was designed to evaluate 

the effects of oral administration of an alcoholic 

extract of Cardaria draba on avoidance memory 

retention alterations induced by scopolamine, zinc 

chloride, and sodium metavanadate in step-through 

passive avoidance learning the task in male mice.  

MATERIALS AND METHODS: 

Animals: In this experimental study, all animal 

manipulations were carried out according to the 

guidelines of the declaration of Helsinki. Mice (20-

25 g) from the Faculty of Pharmacy, Zabol 

University of Medical Sciences were used in this 

study. All animals were maintained under 

controlled conditions (12-h light/12-h dark cycle) at 

room temperature (20-22
o
C). They were housed in 

groups of five per each cage, having free access to 

food and water. All animal experiments were done 

during the light cycle. 

Preparation of Alcoholic Extract of Cardaria 

draba: Cardaria draba in Zabol medicinal plants 

Research Center was collected in February 2013, 

chopped, dried in the open air and stored in 4-8 ºC 

in dark well-closed container. The extraction was 

done by maceration method in ethanol 80% at room 

temperature. After filtration, the ethanol was 

evaporated to dryness under vacuum.  

Drugs: Zinc chloride (ZnCl2) was purchased from 

Merck Company (Germany) and dissolved in 

saline. Scopolamine and sodium metavanadate 

were purchased from Sigma (USA) and dissolved 

in saline and drinking water, respectively.  

Step-Through Passive Avoidance Task: The 

details of the passive avoidance apparatus were 

described in previous studies 
17

. In this study, each 

animal was gently placed in the light chamber, the 

door was opened after 10 sec and the time that 

animal waited before crossing to the dark chamber 

was recorded as the latency (300 s was determined 

as a cut-off point of study). Electric shocks (0.2 

mA intensity for 2 s), were delivered to the grid 

floor of the dark compartment. All training and 

testing trials were carried out at a similar time each 

day. During the retention test sessions, no electric 

shock was applied. 

Experiments: 

Experiment 1: 

Part A: Alcoholic extract solution of Cardaria 

draba was prepared daily. Different concentrations 

of Cardaria draba (25, 50 and 100 mg/kg) were 

administered via oral gavage needles once a day for 

two weeks. On day 14
th

, one training trial was done 

in step-through avoidance inhibitory learning task. 

Avoidance memory retentions were evaluated 24 h, 

48 h, 96 h and 168 h later to training trials. Control 

animals received a vehicle of Cardaria draba via 

oral gavage needles for the same period. 

Part B: This experiment aimed to assess the effects 

of 4 days intra-peritoneal injections of scopolamine 

(1 mg/kg) on avoidance memory retention. On the 

final day of this part of the study (after the last 

injection), one training trial was done. Avoidance 

memory retentions were tested 24 h, 48 h, 96 h, and 
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168 h later to training trials. Control animals 

received saline. 

Part C and Part D: Fresh solutions of zinc 

chloride and sodium metavanadate (SMV) in 

normal saline and animal’s drinking water 

respectively were prepared daily. Zinc chloride (75 

mg/kg) and SMV (22.5 mg/kg) were administered 

via oral gavage needles once a day for two weeks. 

On day 14
th

, one training trial was done in step-

through avoidance inhibitory learning task. 

Avoidance memory retentions were evaluated 24 h, 

48 h, 96 h and 168 h later to training trials. Control 

animals received saline and drinking water 

respectively via oral gavage needles for the same 

period. 

Experiment 2: The aim of this experiment was to 

assess the effects of Cardaria draba (100 mg/kg, 

orally for 2 weeks) on scopolamine - (1 mg/kg, i.p. 

for 4 days), ZnCl2- (75 mg/kg, oral gavage for 2 

weeks) and SMV- (22.5 mg/kg, oral gavage for 2 

weeks) induced avoidance memory retention 

alterations in step-through passive avoidance task. 

The 4-days intra-peritoneal injections of 

scopolamine were started on day 11
th

 of Cardaria 

draba oral administration. On the final day of each 

study (after the last treatments), one training trial 

was done. Avoidance memory retentions were 

tested 24 h, 48 h, 96 h, and 168 h later to training 

trials. 

Statistical Analysis:  One-way analysis of variance 

(ANOVA) and unpaired t-test were used to 

compare the findings of this study. A Newman–

Keuls multiple comparison posts–hoc test was 

carried out to analyze differences between groups. 

A P-value of 0.05 or less was considered 

statistically significant.  

RESULTS:   

Effects of Cardaria draba Alcoholic Extract on 

Passive Avoidance Memory Retention in Step-

Through Task:  Pre-training oral administration of 

Cardaria draba alcoholic extract (100 mg/kg) for 

14 consecutive days caused a significant increase 

Fig. 1A-D in step-through latency during the 

retention tests (**p<0.01 for 24 h and 48 h and 

*p<0.05 for 96 h and 168 h) compared to control 

animals.  

  

  
FIG. 1A – D: EFFECTS OF ALCOHOLIC EXTRACT OF CARDARIA DRABA ON AVOIDANCE MEMORY RETENTION 

IN STEP-THROUGH PASSIVE AVOIDANCE TASK. Each value represents the Mean ± S.E.M. of 7 Mice. *p<0.05 and **p<0.01 

significantly different from the control group. 

C 

A 

D 

B 
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Cardaria draba alcoholic extract (50 mg/kg) 

caused significant retention improvements 

(*p<0.05) only at 24 h compared to the control 

group Fig. 1A. Thus, the greatest avoidance 

memory retention improvement was obtained with 

100 mg/kg of Cardaria draba alcoholic extract. 

Effects of Scopolamine on Passive Avoidance 

Memory Retention in Step-Through Task: Four 

days intra-peritoneal injection of scopolamine 

(Table 1: 1 mg/kg) caused a significant decrease in 

step-through latency during the retention tests after 

24 h (****p<0.0001), 48h (**p<0.01), 96 h 

(*p<0.05) and 168 h (**p<0.01) compared to 

control (saline-treated) animals Table 1. Effects of 

zinc chloride and sodium metavanadate (SMV) oral 

administration on passive avoidance memory 

retention in step-through task: Pre-training oral 

administration of zinc chloride (75 mg/kg) for 14 

consecutive days caused a significant decrease in 

step-through latency during the retention tests 

Table 2, ****p<0.001 for all designed retention 

tests) compared to control animals. Also, pre-

training oral administration of SMV in animals 

drinking water impaired avoidance memory 

retention Table 3 after 24 h (****p<0.0001), 48 h 

(***p<0.001), 96 h (***p<0.001) and 168 h 

(***p<0.001) significantly compared to their 

related control group. 

TABLE 1: EFFECTS OF SCOPOLAMINE ON AVOIDANCE MEMORY RETENTION IN STEP-THROUGH 

PASSIVE AVOIDANCE TASK 

Time Treatment 24h 48h 96h 168h 

Ctrl 246.6±26.61 228.1±33.5 212.4±48.48 181.6±35.39 
Scopolamine 47.04±11.26**** 87.75±31.61 ** 56.89±28.11* 38.59±9.094** 

Each value represents the mean ± S.E.M. of 7 mice. *p<0.05, **p<0.01 and ****p<0.0001 significantly different from control (saline) group.  

TABLE 2: EFFECTS OF ZINC CHLORIDE ON AVOIDANCE MEMORY RETENTION IN STEP-THROUGH 

PASSIVE AVOIDANCE TASK 

Time Treatment 24h 48h 96h 168h 

Ctrl 299.4±0.6250 270.0±30.03 257.7±42.28 272.8±27.23 
Scopolamine 21.12±3.436**** 29.93±10.13**** 11.60±3.605**** 20.62±6.893**** 

Each value represents the mean ± S.E.M. of 7 mice. ****p<0.0001 significantly different from the control (saline) group.  

TABLE 3: EFFECTS OF SODIUM METAVANADATE ON AVOIDANCE MEMORY RETENTION IN STEP-

THROUGH PASSIVE AVOIDANCE TASK 

Time Treatment 24h 48h 96h 168h 

Ctrl 296.3±1.886 257.2±41.16 258.1±41.89 255.9±41.03 

Scopolamine 37.67±9.669**** 31.76±10.74*** 37.57±13.89*** 50.51±23.20*** 

Each value represents the mean ± S.E.M. of 7 mice. ***p<0.001 and ****p<0.0001 significantly different from control group. 

Effects of Cardaria draba Alcoholic Extract (100 

mg/kg) on Scopolamine-Induced Avoidance 

Memory Retention Deficits in Step-Through 

Task: 14 days oral administration of an alcoholic 

extract of Cardaria draba prevented scopolamine- 

(1 mg/kg, i.p. for 4 days) induced avoidance 

memory retention impairments, significantly in 

step-through passive avoidance task (##p<0.01 for 

96 h and ####p<0.0001 for 168 h) compared to 

scopolamine – treated animals Fig. 2C and D.  

Effects of Cardaria draba Alcoholic Extract (100 

mg/kg) on Zinc Chloride – Induced Avoidance 

Memory Retention Impairment in Step-

Through Task: 14 days oral administration of an 

alcoholic extract of Cardaria draba prevented zinc 

chloride- (75 mg/kg, oral gavage for 14 days) 

induced avoidance memory retention impairments, 

significantly in step-through passive avoidance task 

(##p<0.01 for 168 h) compared to zinc chloride – 

treated animals Fig. 3 D.  

Effects of Cardaria draba Alcoholic Extract (100 

mg/kg) on SMV – Induced Avoidance Memory 

Retention Impairment in Step-Through Task: 

14 days oral administration of an alcoholic extract 

of Cardaria draba prevented SMV- (22.5 mg/kg, 

oral gavage for 14 days) induced avoidance 

memory retention impairments, significantly in 

step-through passive avoidance task (#p<0.05 for 

48 h and ##p<0.01 for 96 h and 168 h) compared to 

SMV– treated animals (Fig. 4B – D, respectively). 
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FIG. 2A – D: EFFECTS OF ALCOHOLIC EXTRACT OF CARDARIA DRABA (100 mg/kg, ORAL GAVAGE FOR 2 WEEKS) ON 

SCOPOLAMINE - INDUCED AVOIDANCE MEMORY RETENTION IMPAIRMENTS IN STEP-THROUGH PASSIVE 

AVOIDANCE TASK. EACH VALUE REPRESENTS The mean ± S.E.M. of 7 mice. *p<0.05, **p<0.01 and ****p<0.0001 significantly 

different from control group. ##p<0.01 and ###p<0.001 significantly different from scopolamine - treated group. 

  

  
FIG. 3A – D: EFFECTS OF ALCOHOLIC EXTRACT OF CARDARIA DRABA (100 mg/kg, ORAL GAVAGE FOR 2 WEEKS) ON 

ZINC CHLORIDE - INDUCED AVOIDANCE MEMORY RETENTION IMPAIRMENTS IN STEP-THROUGH PASSIVE 

AVOIDANCE TASK. Each value represents the mean ± S.E.M. of 7 mice. ****p<0.0001 significantly different from the control group. 

##p<0.01 significantly different from zinc chloride - treated group 
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FIG. 4A – D: EFFECTS OF ALCOHOLIC EXTRACT OF CARDARIA DRABA (100 mg/kg, ORAL GAVAGE FOR 2 

WEEKS) ON SODIUM METAVANADATE (SMV) - INDUCED AVOIDANCE MEMORY RETENTION IMPAIRMENTS 

IN STEP-THROUGH PASSIVE AVOIDANCE TASK. Each value represents the mean ± S.E.M. of 7 mice. ***p<0.001 and 

****p<0.0001 significantly different from control group. #p<0.05 and ##p<0.01 significantly different from SMV - treated group. 

DISCUSSION: One of the significant findings of 

this study is that 2 weeks oral administration of 

Cardaria draba alcoholic extract (100 mg/kg) 

caused a significant avoidance memory retention 

improvement in step-through passive avoidance 

task. Other results of this study showed that 

Cardaria draba could prevent avoidance memory 

retention impairments induced by scopolamine, 

zinc chloride and sodium metavanadate in 

combination treatments. 

It has been suggested for a long time that the 

cholinergic system has important role in learning 

and memory especially acquisition. Scopolamine is 

a nonselective anticholinergic that induces senile 

and Alzheimer-type dementia. Administration of 

scopolamine (1mg/kg i.p) for 4 consecutive days 

induced impairment of passive avoidance memory 

retention along to 168 h which can impair learning 

and retention memory processes 
18, 19

. In recent 

times, more studies paid attentions on the probable 

adverse effects of elevated levels of zinc, which 

can plays as a toxic compound in cognitive 

processes 
20

 and may be a risk factor in 

Alzheimer’s disease 
9
. Administration of the 

adequate concentration of zinc during diet indicates 

the effectiveness of this proper level of zinc in 

memory processes, cognitive behaviors, and 

alleviation of oxidative stress 
21

. Moreover, the 

harmful effects of zinc on formation of neurotic 

plaques and cerebrovascular amyloid deposits in 

Alzheimer’s disease (AD) have been reported by 

other investigators 
12

.  

In fact, zinc in pathologic condition by induction of 

oxidative stress and promoting amyloid plaque 

formation has a key role in memory loss 
12

. It has 

previously demonstrated that proper zinc treatment 

results in elevation of the cyclic nucleotide cGMP 

by inhibiting phosphodiesterase (PDE) activity. It 

has been suggested that this zinc-induced cGMP 

elevation may lead to activation of protein kinase A 
22

. In some other cellular studies, only significant 

elevation of cGMP was observed in adequate zinc-

treated cells 
23

. It has been realized that different 

factors like kind of experimental task, employed 

protocol, stage of memory formation, concentration 

of zinc, facilitation of specific neurotransmitter and 

modified neurochemicals are involved in zinc 

activity on memory functions. 

D C 

B A 
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Previously we demonstrated that pre-training oral 

administration of sodium metavanadate (SMV;25 

mg/kg) impaired spatial memory acquisition in 

Morris water maze and decreased ChAT and 

VAChT protein expression as cholinergic system 

markers in the CA1 region of the hippocampus and 

medial septal area (MSA). Experimental and 

histochemical studies have shown that in sodium 

metavanadate (NaVO3) treated rats, formation of 

reactive oxygen species (ROS) and oxidative 

system alterations may be observed 
24

.  

It has been reported that administration of 

peroxovanadium (pV) compounds may induce the 

expression of inducible nitric oxide synthase 

(iNOS) in mice livers and aminoguanidine (AG) as 

a selective iNOS inhibitor reversed this pV-induced 

iNOS expression 
25

. The widespread belief that 

oxidative damage plays a major role in cancer, 

ageing, and in a number of chronic diseases has 

focused scientific and public attention on the 

possibility that antioxidants could prevent or at 

least retard these processes 
26

. 

Flavonoids are a group of polyphenolic compounds 
27

. A main subgroup of the flavonoids is the 

flavonols, of which quercetin and kaempferol are 

the major representatives 
28

. Quercetin, one of the 

major flavonoids in some fruits and vegetables, has 

much stronger antioxidative and anticarcinogenic 

activities than Vitamin C 
29, 30

. Recently, it has been 

reported that quercetin can pass through the blood-

brain barrier of in-situ models 
31

. In addition, 

quercetin exerts the protective effect in a stroke 

model induced by transient global ischemia 
32

. 

Previous study showed that the EGb761, a 

standardized extract from the herbal medicine 

Ginkgo biloba, contains a high amount of quercetin 

and exhibits the neuroprotective effect against 

oxidative damage induced by 6-OHDA 
33

. 

Quercetin in a high dose significantly decreased 

AChE activity in the hippocampal homogenate, 

which indicates that there is the increase of 

available acetylcholine at the synaptic terminal 

resulting in the improvement of cognitive 

performance by the animals 
34

. It has been 

suggested that potential neuroprotective ability of 

Ginkgo biloba is determined by inhibition of 

monoamine oxidase (MAO)-A and –B in the 

presence of kaempferol 
35

. 

CONCLUSION: In conclusion, regarding to the 

findings of this research, it is reasonable to deduce 

that because of the presence of quercetin and 

kaempferol in this plant (Cardaria draba) it may be 

useful as a novel treatment or protective agent 

against Alzheimer's disease. 
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