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ABSTRACT 

Consumption of calabash chalk is a common practice in Nigeria as 

well as other parts of Africa, especially among pregnant women. 

Nevertheless, calabash chalk contains lead (Pb) and arsenic which are 

thought to be harmful to the brain and responsible for cognitive 

dysfunction. It is therefore conceivable that calabash chalk 

consumption may affect other neuronal activities in the body such as 

anxiety and pain. Therefore, this present research study investigated 

the effects of consumption of this form of pica on anxiety and pain 

perception in mice. Forty-five (45) Swiss white mice of mixed sex 

were randomly assigned into 3 groups of 15 mice each. Group 1 served 

as control, while groups 2 and 3 received low and high doses of 

calabash calk diets respectively. Feeding lasted for 30 days. Anxiety 

levels of the mice were assessed with the aid of elevated plus maze and light-dark transition 

box as well as elevated plus maze, while response to pain stimuli were studied using hot plate 

and formalin tests. The results showed that the calabash chalk diet-fed mice had significantly 

increased (p< 0.05) close arm duration and stretch attend posture compared to control. Pain 

perception was significantly increased in the calabash chalk diet-fed mice compared to 

control. Consumption of calabash chalk elevates anxiety and pain perception in mice. These 

actions may be as a result of its lead and arsenic content. 
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INTRODUCTION 

Geophagia, the practice of ingesting clay, chalk or dirt.
[1,2]

 is a practice occurring both in 

animals and also humans of all races.
[3,4]

 This practice is less frequent in developed societies 

but occurs mostly among pregnant women and children.
[4]

 The engagement of people in this 

practice is for various reasons; a part of regular diet, pleasure, religious beliefs or medicinal 

purposes.
[5]

 

 

Calabash chalk is one of such geophagic material prevalently consumed in Nigeria as well as 

other West African countries. It is also identified by various names including Calabar stone in 

English, Ndom by the Ibibios/Efiks and Nzu by Igbos of Nigeria.
[6]

 It occurs naturally and is 

available in a variety of forms including powder, moulded shapes and blocks.
[7]

 It is 

consumed by all sexes and mostly pregnant women as a remedy for morning sickness.
[8]

 It is 

also used in facial masks and soap.
[7] 

 

Calabash chalk is reported to have Aluminium silicate hydroxide- Al2Si2O5(OH)4 as its major 

component. This is a member of the Kaolin clay group
[9]

. Multi-elemental analysis was able 

to quantify 22 elements in calabash chalk including lead at a mean concentration of 

approximately 40mg/kg
[9]

. Other metals identified included Iron, aluminium, potassium, 

titanium, chromium, manganese, zinc, nickel as well as the metalloid arsenic
[7,9,10]

 In 

addition, a range of persistent organic pollutants were identified in calabash chalk including 

alpha lindane, endrin, endosulphan 11 and p,p
I
- dichlorodiphenyl dichloroethane (DDD).

[9]
 

 

Research studies on calabash chalk revealed hepatic sinusoidal enlargements, gastrointestinal 

damaging and anaemic effects.
[6]

 Lead and even arsenic constituents of calabash chalk have 

been reported to be associated with nervous and brain damages as well as learning and 

behavioural dysfunctions in animals and humans.
[6]

 

 

From the foregoing, it is conceivable that calabash chalk geophagia which is a form of pica 

may affect other neuronal activities in the body such as anxiety and pain. Hence, this present 

research study on the effects of this form of pica on anxiety and pain perception on mice was 

borne. 
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MATERIALS AND METHODS 

Preparation and storage of experimental diet 

Calabash chalk was procured as a large block from a local market in Calabar and pulverized 

with manual grinder to obtain a fine powder. The powder was kept in dry and air-tight rubber 

container from which calabash chalk diets were prepared. Ten percent (10%) calabash chalk 

diet was prepared by mixing 1 g of calabash chalk with 9 g of rodent chow. This served as 

low dose. Twenty percent (20%) calabash chalk diet was prepared by mixing 2g of calabash 

chalk with 8 g of rodent chow. This was high dose.  

 

Experimental Animals 

Forty-five (45) white mice weighing between 22 – 35 g were used for this study. They were 

kept in well ventilated room at room temperature (28 + 2
o
C) and humidity (85 + 5%). The 

animals were kept in a normal 12/12 light/dark cycle and allowed to acclimatize for two (2) 

weeks before commencement of experiments. They were granted access to feed and clean 

drinking water ad libitum. 

 

Experimental Design 

The fort-five mice were assigned into 3 groups of 15 each. Group 1 served as the control and 

was fed rodent chow only. While group 2 was fed low dose calabash chalk diet, group 3 

received high dose calabash chalk diet. The animals were placed on their respective diets for 

30 days with their body weights assessed after every 3 days. Approval for the use of the 

animals was obtained from the College Ethical Committee of the Faculty of Basic Medical 

Sciences, Abia State University Uturu, in accordance with the internationally accepted 

principles for laboratory animal use and care as found in the European Community guidelines 

(EEC Directive of 1986; 86/609/EEC). 

 

Assessment of Anxiety 

Elevated Plus Maze 

This apparatus as adopted by Okon et al.
[11]

 and used in this present study was built according 

to the description of Lister.
[12]

 This apparatus assesses anxiety levels of mice and the test is 

based on the inborn aversion of rodents to open and bright illuminated spaces.
[13]

 The maze 

has two open arms (45 x 5 cm
2
) with 0.25cm high edges and closed arms (40 x 5 cm

2
) with 

15 cm high walls radiating from a central square (5 x 5 cm). To prevent possible slipping and 

falling of the mice off the edge of the apparatus, the open arms contain a slight edge (4 mm 

high). 
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Prior to the test, all the arms, surfaces and sides were cleaned with methylated spirit to 

eliminate olfactory clues, fecal boll and urine. Each mouse when tested, was placed in the 

central square of the maze such that the mice faced an open arm away from the experimenter 

upon placement. Immediately after placement, a stop watch was started and the mouse was 

allowed to explore the apparatus for 5 minutes. The test sessions were recorded and 

videotaped. 

 

Behaviours scored included; close arm entry frequency and duration, open arm duration, 

grooming frequency and stretch attend posture. 

 

Light-dark Transition Box 

The light-dark transition box is an apparatus for testing for unconditioned anxiety. It is based 

on the conflict between exploring in a new environment and aversion of rodents to bright 

light.
[14]

 As described by Costal et al.
[15]

, this apparatus consists of two chambers. The small 

chamber (18 x 27 cm) is painted black and makes up 2/5 of the box. The larger chamber (27 x 

27 cm) is painted white and makes up 3/5 of the box (Bourin and Hascoet, 2003). A door (7.5 

x 7.5 cm) located at the floor level in the center connects the two chambers. The floor of the 

apparatus is covered in Plexiglas and divided into 9 x 9 cm squares. The apparatus was 

located in a room (2 x 5 m) and lit by 60 watt red lamp for background lighting. The mice are 

allowed 5 minutes to explore the box.  

 

Behaviours scored included; light chamber duration, stretch attend posture, transition and 

grooming duration. 

 

Assessment of Pain perception 

Hot Plate test 

This is a test of thermal nociception, model of short duration stimuli.
[16]

 Each mouse was 

exposed to a hot surface within a confined glass cage (whose temperature was maintained at 

55+ 0.5°C) for maximum duration of 30 seconds.
[17]

 The time it took for each mouse to start 

licking its foot pad was recorded. The time taken for it to jump (latency of jump) was also 

recorded. These behaviours are the most common measures of pain threshold and are 

considered supra-spinally integrated.
[16]
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Formalin test 

A noxious substance, formalin (2.5% solution) was injected into the plantar surface of hind 

paw of mice.
[18]

 The animal reacted to the formalin injection by licking and flinching the 

injected hind paw. The frequency and the duration of hind paw licks were recorded over a 

period of one hour. A higher frequency of hind paw lick indicated increased pain perception 

and a lower frequency indicated decrease in the pain perception. Similarly, a longer 

frequency and duration of flinching of hind paw showed increase in pain perception, while a 

shorter frequency and duration showed a decrease in pain perception. These experiments 

were done in two phases namely: acute phase (phase I) and chronic phase (phase II).Tests 

done within 5 minutes represented the acute phase and tests conducted 30 minutes after phase 

I represented the chronic phase or phase II. 

 

Statistical Analysis 

All data obtained were analyzed by one way analysis of variance followed by post hoc 

student’s T-test using the SPSS Computer program. Results are presented as mean + SEM 

and p value less than 0.05 was considered statistically significant. 

 

RESULTS 

Effect of consumption of calabash chalk diet on anxiety 

In the elevated plus maze test for anxiety, the close arm entry frequency of the low dose 

group was not significantly different compared to control, but that of the high dose group was 

significantly higher (p< 0.05) compared to both control and low dose groups (Fig. 1a). The 

close arm duration of the low dose group was significantly higher (p< 0.05) compared to the 

control. The value for the high dose group was significantly higher (p< 0.05) compared to 

both low dose and the control groups (Fig. 1b). 

 

Open arm durations for both the low dose and high dose groups were significantly lower (p< 

0.05) compared to the control (Fig. 1c). The frequencies of grooming of both the low and 

high dose groups were significantly higher (p< 0.05) compared to the control (Fig. 1d). The 

stretch attend posture of the low dose group was significantly higher compared to the control 

(p< 0.05). The value for the high dose group was significantly higher (p< 0.05) compared to 

both control and low dose groups (Fig. 1e).  

 

In the Light-dark transition box tests for anxiety, the light chamber durations of both the low 

and high dose groups were significantly lower compared to the control (p< 0.05; Fig. 2a). 
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The stretch attend postures of both low dose and high dose groups were significantly higher 

(p< 0.05) compared to control (Fig. 2b). 

 

The transition of the low dose group was not significantly different compared to control (Fig. 

2c), whereas the value for the high dose group was significantly lower (p< 0.05) compared to 

control. The grooming durations of both the low and high dose groups were not significantly 

different compared to the control (Fig. 2d). 

 

Effect of consumption of calabash chalk diet on pain 

In the hot plate test for pain, the latency of jump of the low dose group was not significantly 

different compared to control. However, the value for the high dose group was significantly 

lower (p< 0.05) compared to both control and low dose groups (Fig. 3). 

 

In the formalin test, the frequency of hind paw licks, during the acute phase was significantly 

higher (p< 0.05) in the low dose group compared to control. The high dose group had 

significantly increased hind paw licks compared to both control and low dose groups (p< 

0.05). A similar trend was observed during the chronic phase, although no significant 

difference was observed between the two test groups (Fig. 4a). Duration of hind paw lick of 

the low dose group during the acute phase was significantly higher (p< 0.05) compared to 

control. The value for the high dose group was significantly higher (p< 0.05) compared to 

both control and low dose groups. The trend was similar during chronic phase (Fig. 4b). 

 

Hind paw flinching frequency during the acute phase was significantly increased in the low 

dose group (p< 0.05) compared to control. The value for high dose group was significantly 

higher compared to both control and low dose groups (p< 0.05). During the chronic phase, a 

similar trend was observed, although there was no significant difference between the test 

groups (Fig. 5a). During the acute phase, the duration of hind paw flinching was significantly 

higher in both low and high dose groups (p< 0.05) compared to control. A similar trend was 

observed during the chronic phase (Fig. 5b).  
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a                                                                      b 

  

c                                                                        d 

 

e 

Fig. 1: Effects of calabash chalk diet consumption on (a) frequency of close arm entry 

(b) duration of close arm (c) duration of open arm (d) grooming frequency (e) stretch 

attend posture in the elevated plus maze test of the different experimental groups. 

 Values are mean + SEM, n=15. 

*=p<0.05 vs control; a= p<0.05 vs low dose. 
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a                                                                          b 

  

                                      c                                                                      d 

Fig. 2: Effects of calabash chalk diet consumption on (a) light chamber duration (b) 

stretch attend posture (c) transition and (d) grooming duration in the light-dark 

transition box test of the different experimental groups. 

 Values are mean + SEM, n=15. 

*=p<0.05 vs control. 

 

 

Fig. 3: Effects of calabash chalk diet consumption on latency of jump in the hot plate 

test of the different experimental groups. 

 Values are mean + SEM, n=15. 

*=p<0.05 vs control; a= p<0.05 vs low dose. 
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a                                                                          b 

Fig. 4: Effects of calabash chalk diet consumption on (a) hind paw lick frequency and (b) 

hind paw lick duration in the formalin tests of the different experimental groups. Values 

are mean + SEM, n=15. 

*=p<0.05 vs control; a=p<0.05 vs low dose. 

 

 

a                                                                         b 

Fig. 5: Effects of calabash chalk diet consumption on (a) frequency of hind paw 

flinching and (b) duration of hind paw flinching in the formalin tests of the different 

experimental groups. Values are mean + SEM, n=15. 

*=p<0.05 vs control; 

a=p<0.05 vs low dose. 

 

DISCUSSION 

Following the consumption of calabash chalk diets, both low and high dose groups had 

higher close arm frequency and duration compared to control in the elevated plus maze test. 

They spent more time in the close arm. Fearful mice are averse to open, bright illuminated 

spaces and prefer darker and more enclosed spaces
[11]

, therefore these results imply that 

calabash chalk induced anxiety in the mice. Open arm durations of the calabash chalk diet 
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groups were significantly lower than control. Since fearful mice tend to avoid open areas, this 

result also suggests anxiogenic tendencies of calabash chalk diet. 

 

Increased risk assessment behaviour such as stretch attend posture (SAP) is indicative of 

increased anxiety anxiety levels.
[19] 

Results obtained showed significantly increased stretch 

attend postures and grooming frequencies in the two calabash chalk diet groups compared to 

control. These results further highlighted the anxiogenic effects of calabash chalk diet. 

 

In the light-dark box test, the light chamber duration of the mice fed calabash chalk diets was 

significantly lower compared to control. This implies increase in anxiety levels of the mice 

because fearful mice spend less time in brightly illuminated spaces. Increased grooming 

duration and SAP of mice are pointers to increased anxiety levels. As observed in this study, 

calabash chalk diet-fed mice had increased grooming duration and SAP compared to control. 

This meant that they were more afraid than the control group of mice. Furthermore, mice fed 

with the two calabash chalk diets made fewer transitions between the chambers of the light-

dark box. This result confirms the anxiogenic effects of calabash chalk diet. The report of this 

study is in contrast to the study of Ekong et al
[6]

 which reported the anxiolytic effects of 

calabash chalk especially at high doses. 

 

The well known neurotoxicant, lead which is present in large quantities in calabash chalk and 

responsible for adverse cognitive and behavioural effects
[20]

 may be the culpable agent 

responsible for the increased levels of anxiety observed in this study. Lead might have 

induced anxiety since it inhibits synthesis and reuptake of Gamma amino butyric acid 

(GABA) or dopamine which are neurotransmitters that reduce anxiety.
[21]

 This interference 

reduces the level of these inhibitory neurotransmitters and thus explains the increased anxiety 

levels observed in this study. 

 

In the hot plate test, latencies of jump of the high and low dose groups of mice were 

significantly shorter than in control mice that consumed normal rodent chow only, indicating 

that it took shorter time for calabash chalk diet-fed mice to perceive pain than control mice.  

 

Paw flinching and licking are complex and supra-spinally organized behaviours that occur in 

response to pain perception.
[22]

 Results from formalin tests showed that during the acute 

(within 5 minutes) and chronic (after 30 minutes) phases of pain, the high and low dose 

groups of mice had higher significant pain perception compared to control, since the 
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frequencies of hind paw licking and flinching together with duration of hind paw licking and 

flinching were all significantly higher in the calabash diet-fed mice than control following 

formalin injection. 

 

This increased pain perception might be attributed to the arsenic content of calabash chalk. 

This may be so, because arsenic has been reported to modulate macrophage activity, thus 

producing an over-expression of cyclooxygenase-2 (COX-2) and resulting in an increase in 

prostaglandin E2 (PGE2) concentrations in endothelial cells which increases pain 

perception.
[23]

 The findings of our study with respect to pain are in agreement with a study by 

Aguirre-Banuelos et al.
[23]

 which reported increased pain perception following arsenic 

exposure. In conclusion, consumption of calabash chalk diet elevates anxiety and pain 

perception in mice. If these results are applicable to man, the practice of consumption 

calabash chalk consumption should be strongly discouraged since the attendant effects 

following such diet consumption could impair nervous function notably, increase in anxiety 

and pain perception. 
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