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Abstract 

 Lithium (Li) is considered the first-choice treatment for bipolar disorder and has a narrow therapeutic index 

therefore, a small increase in dose or plasma level can cause toxic effects. Gastrointestinal (GI) decontamination 

can be regarded as a first-line therapy for acute Li poisoning. Montmorillonite (MMT) is one of the best-known 

examples of a nanoclay that possesses unique properties for adsorbing substances, especially metals. We 

investigated the effects of MMT against acute Li intoxication. A single dose of Li (10 mEq/kg) was 

administered to the rats orally followed by oral gavage of MMT suspensions (0.5 or 1.0 g/kg) or activated 

charcoal (AC) (1g/kg) 5 min later. The serum Li concentration was measured at different times after treatment. 

Indeed, the serum level of sodium and potassium, WBC count, activity score, electrocardiogram, brain 

pathology changes, as well as pharmacokinetic parameters of Li, were evaluated. MMT at higher doses 

decreased the area under the curve (AUC), the elimination rate constant (Ka), the relative bioavailability (F), 

and increased the clearance of Li (P<0.05). MMT prevented Li induced leukocytosis, at the first sampling time, 

(P<0.05). It also exerted significant cardio protection, restored Li-induced ECG changes, heart rate alterations 

(P<0.001), and prevented Li induced hypoactivity. A similar amount of serum sodium and potassium 

concentration was observed in the animals. The results indicated that MMT reduced the absorption of Li, and 

slao possibly increased its clearance. Therefore, MMT may be a good candidate for decontamination, especially 

substances that are not well adsorbed by AC.  
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1. Introduction 

Since the late 1970s, lithium (Li), a 

monovalent cation, has been introduced for the 

treatment of a bipolar disorder. Li is also used 

in combination with other antidepressants 

drugs in order to treat major depressive 
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disorder [1]. Following oral administration in 

therapeutic dose, Li is rapidly absorbed, 

reaches maximum plasma concentrations in 

approximately 2 h, and excreted unchanged 

through the kidneys [2, 3]. Due to the narrow 

therapeutic index of Li, small changes in dose 

can cause side effects that in excessive 

consumption lead to induced neurological 

symptoms, including confusion, convulsions, 

seizures, and coma [4]. It also affects the 

cardiovascular system and changes 

electrocardiogram (ECG). Prolonged corrected 

QT interval (QTc), ST-segment elevation, and 

arrhythmia have been reported in patients with 

acute Li intoxication [5]. Indeed 

gastrointestinal (GI) side effects include 

nausea and diarrheas and hematological 

abnormalities, and typically leukocytosis, 

which are recognized as manifestations of Li 

toxicity [6]. 

There is no known antidote for Li 

poisoning. The treatment plan includes GI 

decontamination and supportive care. Gastric 

lavage can be effective in an acutely poisoned 

patient within one hour of ingestion. Activated 

charcoal (AC) does not effectively absorb Li 

and is not recommended unless toxic co-

ingestants are suspected. Whole bowel 

irrigation is utilized if sustained release 

formulation has been ingested [7, 8].  

The best-known example of a nano-clay is 

montmorillonite (MMT) that belongs to the 

smectite group of hydrous phyllosilicates [9]. 

There is an extensive isomorphous substitution 

for MMT that has 2:1-layer structure and high 

charge and cation exchange capacity (CEC). 

Cation-exchange reaction on MMT is rapid, 

thus cations can easily exchange with solute 

ions to change the cationic composition of the 

solution. The colloidal properties of the clays 

are due to the colloidal size and crystalline 

structure of layers. Clays have large specific 

surface area, excellent rheological 

characteristics and/or sorption properties [10]. 

Clay minerals with these unique characteristics 

can be used to absorb toxic substances that do 

not bind to AC thus it can prevent the 

accumulation of xenobiotics in organs [11-13]. 

Because of the adsorption capacity of MMT to 

heavy metals in addition to lack of effective 

options for GI decontamination, the efficacy of 

orally administrated MMT for acute Li 

detoxification was evaluated [12]. 

 

2. Material and Methods 

Male Wistar rats weighing 250- 300 g (age, 

10 weeks; n=36) were obtained from the 

Animal Center, School of Pharmacy, Mashhad 

University of Medical Sciences (MUMS). 

Animals were kept on a 12h/12h light/ dark 

cycle and room temperature. Animal 

experiments were approved by the Animal 

Care Committee of MUMS. Lithium carbonate 

(Li) (CAS Number: 554-13-2), ketamin (CAS 

Number: 1867-66-90), xylazin(CAS Number 

7361-61-7)were obtained from sigma. AC was 

donated by the Department of Clinical 

Toxicology, Imam Reza Hospital, MUMS 

Mashhad, Iran. 
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2.1 . Preparation and Characterization of 

MMT 

As in our previous study, MMT was 

collected from a bentonite mine in the city of 

Ghaen, South Khorasan Razavee province, 

Iran. Briefly, thermal processing was used in 

order to remove all organic matter from 

samples. The purification methods were 

carried out through wet sedimentation, 

centrifugation and ultrasonication. MMT was 

purified from associated minerals like quartz, 

feldspar by the following process. Bentonite 

was suspended in distilled water to achieve 

clay particles, and then the clay suspension 

was stirred again and passed through the 

sieves at different sizes. Chemical treatment 

has been applied to reduce the impurities such 

as gypsum, salts and calcium carbonate and 

produce homogeneous interlayer cations. 

Particle size, X-ray, ratio peak of the 

quartz/MMT and CEC analysis showed that 

the purest fraction of MMT was separated 

from the raw bentonite [12].  

 

2.2 . Animal Study 

The animals were divided into 5 groups of 

6 rats. After a 12 hrs overnight fast, lithium 

carbonate was suspended in distilled water and 

then gavaged at the dose of 10 mEq/kg lithium 

[14]. Five minutes later, they were treated by 

distilled water (Li group), different does of 

MMT (0.5 or 1 g/kg) or AC (1g/kg) while the 

control group only received distilled water. All 

evaluations took place during two different 

time sequences, 2 and 24 hrs after treatment 

[12]. 

2.3 . Hematological and Biochemical 

Parameters 

The blood samples were taken through rat 

orbital sinus and cardiac puncture respectively. 

The total white blood cell (WBC) and serum 

elctrolites (Sodium and Potassium) were 

determined by using the auto analyzers of 

central laboratory of Imam Reza hospital of 

MUMS on blood samples that were taken at 2 

and 24 hrs after treatment. 

 

2.4 . Pharmacokinetic Evaluations  

The serum Li level (SLL) was evaluated 

after 15 minutes, 1, 2, 6, 12, 24 and 36 h after 

treatment. The SLL were determined using an 

auto analyzer in central laboratory of Imam 

Reza hospital of MUMS. The pharmacokinetic 

parameters of SLL were perfumed by PK 

solver 2 software. Then differences the means 

of parameters were statistically evaluated. The 

evaluated pharmacokinetic parameters were 

include: Area under the time-concentration 

curve (AUC), maximum concentration of SLL 

and its time (Cmax and Tmax) absorption rate 

constant (Ka), and clearance (CL). The Li 

relative bioavailability (F) of each group was 

calculated by dividing the mean AUCs of each 

group by the mean AUCs of Li group. 

  

2.5 . Electrocardiogram (ECG) and Heart Rate 

Recording 

Briefly, the animals maintained under 

xylazine and ketamine anesthesia at 2 and 24 h 

after treatment and the ECG electrodes were 

attached to the dermal layer of both paws and 

legs. The ECG and heart rate were measured 

using a PowerLab Data Acquisition (AD 
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Instrument, Bella Vista, Australia) system 

under anesthesia. The ECG analyzed for 

changes in rate, rhythm, ST segment and T 

wave as well as measuring the PR and QTc 

intervals and QRS width. QTc was calculated 

by standard Bazett's formula [15]. 

 

2.6 . Activity Score 

According to our previous study, the 

animal’s activity was scored at 2 and 24 h after 

treatment on a scale of 1 to 4. Grade 1: no 

voluntary movements even in response to 

painful stimuli, Grade 2: stretch movements in 

response to painful stimuli, Grade 3: stretch 

movements in response to stimuli, and Grade 

4: spontaneous normal mobility [16]. 

 

2.7. Statistical Analysis 

The results were reported as mean ± SEM. 

All data except activity scores analyzed using 

ANOVA, followed by the Tukey-Kramer test. 

The differences between the mean score of 

animal activity were evaluated by 

nonparametric statistical tests. The alpha level 

was set at 0.05. Data analysis was performed 

with SPSS Version 21. 

 

3. Results and Discussion 

3.1 . Hematological and Biochemical 

Parameters 

At the first evaluation time, Li 

administration increased the total number of 

WBC (P<0.001), while MMT at 0.5 g/kg and 

AC could not alleviate it. Administration of 

1g/kg of MMT decreased the number of WBC 

in comparison with Li group (P<0.05). After 

24 h, there were no significant differences in 

WBC counts between the control group and 

groups that received Li (Table 1). 

At both sampling times, the level of sodium 

and potassium in different groups were similar 

to each other (Table 1). 

Lithium treatment can be associated with a 

significant increase in WBC count in a dose-

dependent manner [17, 18]. MMT at 1g/kg 

significantly decreased the Li absorption and 

Li induced leucocytosis.  

The MMT has a minor adverse effect and 

there are enough evidence supporting the 

safety of short administration of MMT [19, 

20]. Hypokalemia was reported as an 

important adverse effect induced by clay 

ingestion, due to potassium binding to mineral 

clay and reduction of potassium GI absorption. 

However, acute administration of MMT in our 

study did not change the serum potassium 

level as compared with other groups.  

 

3.2 . Electrocardiogram (ECG) and Heart Rate 

Recording 

Two hours after Li gavage QTc 

prolongation and ST segment elevation were 

presented as compare to control group 

(P<0.001) (Table 2) (Figure 1). QTc interval 

increased in all Li treated groups except the 

group that received Li plus 1g/kg of MMT. 

MMT and AC treatment decreased the ST-

segment elevation as compared with Li group 

(P<0.001) but only higher dose of MMT was 

capable of returning it to the control level. No 

significant differences in PR interval and QRS 

complex width were observed between Li 

treated groups and control group. In addition, 

T wave inversion did not also record after Li 
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exposure. Li administration induced a 

significant decrease in heart rate as compare to 

control group (P<001). MMT and AC 

treatment raised the heart rate in Li group 

(P<0.001). Higher dose of MMT restored heart 

rate significantly to near normal values 

(P<0001) However, the ECG changes reverted 

back to normal over a period of 24 h. 

MMT markedly diminished Li induced 

ECG changes by reducing possible rate and 

extent of Li absorption. We observed the ECG 

changes comprising bradycardia, PR, QTc 

prolongation, and ST-segment elevation in Li 

intoxicated animals. According to the 

systematic review of 56 papers, the most 

common abnormal ECG in Li intoxicated 

patients was T wave inversion. Other ECG 

changes reported were sinus node dysfunction, 

sinoatrial blocks, PR and QT prolongation, ST 

elevation and ventricular tachycardia. The Li 

induced ECG abnormalities are related to SLL 

[21, 22] and acute Li toxicity can also cause 

bradycardia due to sinoatrial dysfunction [23-

25]. In contrast to human reports, we did not 

observe T inversion in intoxicated animals. 

 

3.3 .Activity Score 

At the first time of evaluation (2 h after 

treatment), Li administration reduced the 

activity (P<0.001). The activity of rats 

increased by MMT and AC treatment 

(P<0.001), however, MMT only at high dose 

could reach the activity to the normal level. At 

the second time (24 h after treatment) the 

levels of activity were normal in all groups 

(Figure 2). 

3.4 .Pharmacokinetic Evaluations 

Administration of MMT at dose of 1g/kg 

significantly reduced the AUC of absorbed Li. 

MMT could increase the Tmax and reduce the 

Cmax of SLL. The rats that were treated by 

MMT had higher clearance (CL) rate than 

others (Table3). 

Absorption and CEC of clay minerals seem 

to be promising candidates for the treatment of 

metal and xenobiotic toxicity. MMT is a type 

of cationic clays with a large internal area and 

high adsorption ability [26, 27]. In vitro 

absorption study showed that MMT binds with 

many heavy metals such as cadmium, chrome, 

cupper, manganese, nickel, lead, arsenic, and 

iron [12, 28-31]. Moreover, clay minerals can 

slow down the absorption of toxin from the GI 

tract because they are associated with high 

adsorption capacity along with poor or no 

absorption via the GI and adhering to the 

intestinal mucus [32]. 

The result of in vitro assay showed that Li 

is efficiently absorbed by MMT [33]. 

Adsorption of xenobiotics onto bentonite is 

limited to the surface of a clay particle 

therefore they can easily detach from them. 

Unlike bentonite, MMT can absorb the 

xenobiotic molecules into interlayer space 

rather than surface [34]. Li cation penetrates 

into the octahedral vacancies in the interlayer 

of MMT and was held by strong ionic bonds 

[35]. The higher dose of MMT was able to 

reduce all pharmacokinetic items of Li 

absorption as AUC, Cmax, Ka, and relative 

bioavailability in comparison with Li group. 

MMT also increased the Tmax and clearance 

rate of absorbed Li significantly. Binding Li to 
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MMT, especially in efficient dose of MMT, 

has prevented gastrointestinal absorption of Li 

resulted in slowing the rate of Li absorption 

and reduction of Ka. Inhibition of Li 

absorption by MMT delayed the time to reach 

maximum concentration and increased the 

Tmax and reduced the maximum SLL, and 

Cmax and eventually lower relative 

bioavailability (F). MMT improved the 

clinical manifestations of Li intoxicated rats. 

It seems that, MMT could prevent the 

absorption of Li from the gastrointestinal track 

and also increased the clearance of Li. The Li 

clearance rate of MMT treated rats were 

significantly increased .The main rout of Li 

excretion and clearance is renal therefore 

increasing the clearance of Li by MMT 

administration may be due to removing Li 

from the circulation via gastric dialysis and 

need further researches [36, 37]. 

Osmotic properties of MMT produce a 

considerable increase in the volume of 

intestinal contents that increases the passage 

rate though GI tract [12, 32]. The most 

common adverse effect of AC is constipation. 

Although we did not use any scoring system to 

assess stool appearance consistency and 

frequency, the MMT treated groups did not 

show the consistency and frequency of stools 

compared to the control group. These findings 

are in line with our previous study [12]. 

 

4. Conclusion 

MMT not only prevents the absorption of 

Li and reduces the AUC, Ka, and 

bioavailability of oral Li, but also increases the 

clearance of Li. According to the current and 

our previous animal studies and 

physicochemical properties of MMT (high 

CEC and few changes in bowel habits), it 

seems that MMT may be a good candidate for 

decontaminating of xenobiotics, especially 

substances that are not well adsorbed by AC. 

However, it is recommended to compare the 

absorption performance of MMT and AC with 

different materials. 
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Tables: 

 

Table 1. Total of white blood cell (WBC), serum sodium (Na+) and potassium (K+) levels in lithium (Li) (10 

mEq/kg) intoxicated rats that were gavaged with distilled water, montmorillonite(MMT) (0.5 or 1 g/kg) or 

activated charcoal (AC) (1g/kg).   Rats of control group were treated by distilled water. 

Group treatment Total WBC (x10
3
/ML)  Na+ (mEq/L) K+(mEq/L) 

 2 hours 24 hours 2 hours 24 hours 2 hours 24 hours 

Control 8.5±1.1 8.7±0.8 137.5±6.4 137.8±6.9 4.23±0.84 5.7±0.62 

Li +distilled 

water 

14.1±0.9** 11.2±1.3 139.2±5.8 137.0±6.3 5.4±0.64 4.98±0.61 

Li+ MMT 

(0.5g/kg) 

13.6±1.2* 8.9±1.1 136.7±7 140.5±5.6 4.86±1 5.5±0.9 

Li + MMT 

(1g/kg) 

9.5±1# 9.3±1 141.2±6.4 136.9±6.2 5.6±0.86 4.65±1.01 

Li +AC (1g/kg) 13.7±0.9*  9.4±1.3 134±5.4 142.2±5.2 4.1±0.7 5.7±0.9 

All values are presented as mean ±SEM. *P<0.05, **P<0.01 compared to the control group, #P<0.05 compared to the Li 

group. Tukey–Kramer test, n=6. 

 

Table 2. Electrocardiogram and heart rate values measured in in lithium (Li) (10 mEq/kg) intoxicated rats that 

were gavaged with distilled water, montmorillonite (MMT) (0.5 or 1 g/kg) or activated charcoal (AC) (1g/kg) at 

2 h after treatment. Rats of control group were treated by distilled water. 

Groups PR interval 

(m sec) 

QTc(msec) QRS complex 

width (msec) 

ST elevation ( m v) Heart rate 

(beats/min) 

Control 50 ± 0.9 120±5.2 200±6.2 0.03±0.0034 350±6.1 

Li 53 ± 0.8 220±4*** 210±5.3 0.15±0.0058*** 200±5.9***##

# 

Li + MMT 

(0.5g/kg) 

52 ± 1 196.38±5.1***# 215±5.9 0.1±0.0031***### 250±4.6***##

# 

Li + MMT 

(1g/kg) 

50 ± 0.95 117.67±4.8### 213±6 

 

0.03±0.0026### 330±6.5### 
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Li + AC 52 ± 0.85 180±5.9***### 217±6.3 0.1±0.0037***### 257±5.2***##

# 

Each value represents the mean+ SEM.  ***P<0.001 compared with control group and # p<0.05, ### p<0.001 Compared 

with Li group. Tukey–Kramer test, n=6. 

 

Table 3. Pharmacokineticparametersof lithium (Li) in oral Li (10 mEq/kg) intoxicated rats that were gavaged 

with distilled water, montmorillonite(MMT) (0.5 or 1 g/kg) or activated charcoal (AC) (1g/kg) five minute after 

Li. 

MMT1g/kg MMT 0.5g/kg AC Lithium  

108.82 ±7.25 ** 119.53 ±10.2 * 130.6 ±9.6 156.39± 10.5 AUC (mmol/L*h) 

3.69 ±0.29 * 3.87 ±0.40 4.22 ±0.33 4.72 ±0.24 Cmax (mmol/l) 

12.51±0.8 * 9.57 ±1.0 8.15 ± 0.75 9.62 ±0.71 Tmax( hours) 

69.58 76.43 83.5 100 F (%) 

0.0420±0.0029* 0.0269±0.001* 0.0053± 2E-6 3.0 E-6 ±  1.0 E-8 CL((mEq/kg)/(mmol/L)/h) 

0.197 ± 0.06 ** 0.373 ± 0.09 * 0.772 ± 0.12 0.882 ±0.7 Ka(1/h) 

AUC =Area under the time-concentration curve, CL=clearance, Cmax = Maximume serum Li level, F= relative 

bioavailability, Ka = absorption rate constant, and Tmax= time of   maximum serum Li level. *P<0.05, **P<0.01 compared 

to the Li group. 
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Figures: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Effect of Montmorillonite (MMT) or activated charcoal (AC) on Lithium (Li) induced electrocardiogram 

(ECG)changes in ratat 2 h after intoxication. The ECG showed ST segment elevation and QTc prolongation after Li 

administration. Restoration of ST segment elevationand QTc prolongationwere observed with MMT especially at high 

dose. The animal received distilled water (A, control), Li at 10 mEq/kg(B), Li + MMT at 0.5g/kg (C), Li+MMT at 

1g/kg (D) or Li +AC (1g/kg). 

 

 

 

Figure 2. Activity score of lithium (Li) (1g/kg) intoxicated rats that were gavaged with distilled water (Li group), 

montmorillonite (MMT) (0.5 or 1 g/kg) or activated charcoal (AC) (1g/kg) at 2 and 24 h (First and second time) after 

treatment. Rats of control group were treated by distilled water. The results are reported as mean ± SEM, *P<0.05, 

***P<0.001 compared to the control group, #P<0.05 compared to the Li group.  Kruskal –Wallis test, n=6 
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