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Chemicals in the atmosphere might cause potential risks 

to human health. Carbon tetrachloride (CCl4) an organic 

compound also known as, tetrachloromethane and 

perchloromethane, is a colorless liquid with a "sweet" 

odor.
[1, 2, 3]

 It is mainly produced by chlorinating methane 

molecule or chlorinated hydrocarbons.
[4]

.  Carbon 

tetrachloride (CCl4) is uses as metal degreasing, dry 

cleaning, fabric-spotting, grain fumigant, to make 

refrigerants, propellant for aerosols, as a major 

component in pesticide.
[1,4,5]

.Carbon tetrachloride is 

released into environment as industrial wastes as gaseous 

form and as liquid state into the water because of 

improper waste disposal.
[1,6,7]

. Carbon tetrachloride 

(CCl4) does not undergo photo-degradation or absorb 

light at wavelengths originate in the troposphere and 

remains in the troposphere with increasing level.
[1,8]

 The 

principal effects of carbon tetrachloride in humans are on 

liver, kidney and central nervous system.
[9]

. Acute, 

exposure to elevated levels of carbon tetrachloride in 

drinking water damages the liver and kidneys. The 

symptoms of CCl4 intoxication includes headache, 

dizziness, vomiting, stomach pain, lightheadedness, 

tiredness, weakness and blurred vision.
[10]

 It is also 

recognized as potent carcinogen and animal study 

showed that, it has ability to induce hepatic carcinoma.
[11, 

12]
. The present review focuses on hepatorenal 

dysfunction which is induced by carbon tetrachloride 

intoxication. 

 

Toxicokinetic Profile of Carbon Tetrachloride (CCl4) 
Carbon tetrachloride (CCl4) is swiftly absorbed by 

several route of exposure (through nasal cavity, 

epidermis, orally) in humans and animals and distributed 

among the tissues, especially those have a high lipid 

percentage in their structure, reaching peak 

concentrations in <1–6 µg/ hours and is metabolized 

mainly by the liver.
[13]

 

   

Routes of Absorption 

Previous research showed that 9.6 µg/g of chloroform 

came as metabolite of carbon tetrachloride, when 

experimental rats were exposed at CCl4 with 

concentration of 4000 ppm for 6 hours. Rapid absorption 

of CCl4 occurs through skin.
[14,15]

. Carbon tetrachloride 

(CCl4) reaches to blood within 30 min after dermal 

exposure in experimental rats.
[16]

. Carbon tetrachloride 

had been detected in blood within 5 minutes of dermal 

application in guinea pigs.
[17]

. Experimental monkeys, 

when exposed to 46 ppm CCl4 concentration for 2-5 

hours duration; it took about 4 hours to reach to the 

blood when absorbed dermally. Carbon tetrachloride is 

eagerly absorbed in oral route through the 
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ABSTRACT 

Carbon tetrachloride (CCl4), organic compound and most potent hepatotoxin, is able to create successful 

hepatorenal dysfunction in experimental animals. It shows a rapid absorption, distribution and slow elimination, 

followed by ingestion through different routes. Acute exposure to CCl4 (<6.4 mg/m
3
) causes tissue damage by the 

generation of free radicals (trichloromethyl radical) which directly able to bind with the lipid molecules of the 

hepatic cell membrane and thus increases the rate of lipid peroxidation. CCl4 also posses the ability to decrease the 

fluidity of the lipid bilayers of plasma membrane in hepatic cells and this way normal, healthy liver became 

fibrotic, patchy one; which leads to renal dysfunction accompanied with hepatic damage. Nephritis, nephrosis 

followed by renal dysfunction also may result due to CCl4 intoxication. Development of renal ascites take place in 

accompanies with congestion, edema, hypertension and acidosis. This review concludes that like many 

environmental toxins, CCl4 causes severe hepatic damage which leads to renal toxicity and impairment of renal 

system. This kind of hepatorenal dysfunction may be combated by raising antioxidant level of exposed cells. 

 

KEYWORDS: Carbon tetrachloride, hepatorenal dysfunction, ROS generation. 
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gastrointestinal (GI) tract in humans and animals.
[18]

. 

Peak concentration of Carbon tetrachloride (CCl4) was 

detected in liver within 1 min in blood after the treatment 

with the CCl4 dose of 18 mg/kg body weight. When the 

same experimental procedure repeated with 180 mg/kg 

body weight CCl4 through bolus, it took 10 min to reach 

to blood.
[19, 20]

. Administration of CCl4 with a vehicle 

enhances the rate of absorption by 83.1%.
[21,22]

. When 

human lungs exposes to 10 ppm CCl4 for 180 min 

duration, it took 15 min only, to found CCl4 in exhaled 

air
.[23]

 Noticeable symptoms were appeared for the first 

min of exposure in volunteers exposed to 60 mg/L CCl4 

and symptoms appeared after 3 min in subjects exposed 

to 30mg/L.
[24

] At the end of exposure blood 

concentrations were approximately equivalent to 0.012–

0.03 mg carbon tetrachloride/ 100 ml blood but were 

undetectable after 48 hours; the concentrations in 

exhaled air were equivalent to 0.0008–0.003 mg carbon 

tetrachloride/L but were undetectable 120 hours later.
[25]

   

 

Distribution of the carbon tetrachloride (CCl4) in 

body tissue after entry  

Peak level of radio- level CCl4 was observed in blood, 

muscle, liver and brain within 2 hour of application of 

oral dose of 3200 mg/kg radio level CCl4 to experimental 

rats.
[26]

 Mice exposed to radio- level CCl4 inhalation for 

10 min and sacrificed at time points up to 24 hrs; 

sections were taken to found volatile radio- activity, and 

nucleic acid-bound radioactivity.
[27]

 After inhalation, 

high levels of volatile radioactivity were observed in fat, 

bone marrow, and nervous tissues (spinal cord and white 

matter of the brain).  Nonvolatile  radioactivity had been 

detected in the liver, kidney cortex, lung, bronchi, GI 

mucosa (especially in the glandular stomach, colon, and 

rectum), nasal mucosa, salivary glands, vaginal and 

uterine mucosa, in the testis and, interstitially, as well as 

urine and bile. Volatile radioactivity was recognizable at 

relatively high levels in the nervous system at 4 hours 

and in fat at 8 hours.
[27]

 After an exposure to 4000 ppm 

CCl4 for 6 hours, experimental rats showed largest 

deposition of CCl4 in adipose tissue (1,674 µg/g), 

followed by the brain (407 µg/g), kidney (233 µg/g), 

liver (136 µg/g), and blood (64 µg/g). Liver also 

contained 10 µg/g of chloroform (as a carbon 

tetrachloride metabolite)
 [14]

 The initial and belated tissue 

distribution had compared by scientists where mice, rats, 

and hamsters exposed to 20 ppm of radio labeled carbon 

tetrachloride for 4 hours by inhalation ,the percentage of 

deposition of CCl4 in major tissues was 40% in mice 

whereas 30% in case of rats and hamsters 

respectively.
[28]

. After six hours of oral application of 

carbon tetrachloride (1.6 mg/kg) in rabbits, recovers 787 

µg/g in case of fat, 96 µg/g in liver, 20 µg/g in kidney, 

and 21 µg/g in case of muscle correspondingly.
[29,30]

. 

Distributions of the carbon tetrachloride metabolites, i.e. 

chloroform and hexachloroethane (which is the major 

metabolite), had highest accumulation in fat and liver.  

Forty-eight hours after application of CCl4, recovery 

compound concentrations were 45 µg/g in fat, 3.8 µg/g 

in liver, and <1 µg/g in the other tissues. Among those 

chloroform was present at <1 µg/g in the four tissues, 

whereas hexachloroethane (this compound is the major 

metabolite) was present at 6.8 µg/g in fat, 1 µg/g in liver, 

and <1 µg/g in other tissues.
[29]

 Topical exposure of 

carbon tetrachloride on guinea pigs established that 

blood concentrations of the chemical increased during 

the initial half hour of exposure but then declined to 

about 25% of peak levels in spite of continued exposure 

over a 6-hour period.
[18]

 Scientists compared the tissue 

distribution pattern of carbon tetrachloride, administered 

by inhalation (1,000 ppm for 2 hours) and the 

comparable oral dose (179 mg/kg) given as a single 

bolus dose over 2 hours.
[31]

. Among all routes, adipose 

tissue sowed a slower distribution pattern than other 

tissues in case of attainment of maximum level. Maximal 

tissue concentrations were reached quickest by oral 

administration, followed by inhalation and then gastric 

infusion.  

 

Pathophysiology of Liver and Kindney  

Carbon tetrachloride (CCl4) a potent haepatotoxin is also 

capable of systemic damage i.e. it not only destroys 

hepatic cells, but also damages kidney, lungs, central 

nervous system as well as blood by generating free 

radicals.
[32,33]

 Just like other environmental pollutants 

CCl4 also causes cellular damage by activating metabolic 

system and formation of reactive oxygen species 

(ROS).
[34]

. The main site of metabolism of carbon 

tetrachloride (CCl4) is liver, where it is converted to an 

intermediate: hexachloroethane and less toxic product 

chloroform. Application of CCl4 lowers partial pressure 

of oxygen in tissues.
[35,36]

, low oxygen partial pressure 

favored reductive dehalogination of CC14 which is able 

to generate tri- chloromethyl radicals after activation of 

Carbon tetrachloride, in hepatic cell at the time of 

metabolism of CCl4.
[34]

. The biotransformation procedure 

of CCl4 include, cleavage of one carbon- chlorine bond to 

yield chloride ion and trichloromethyl radical, that 

causes oxidative stressed condition in cell after the 

activation of CCl4.
[37]

. The initial step is catalyzed by 

CYP450, which is nicotinamide adenine dinucleotide 

phosphate (NADPH)-dependent. CYP450 is inducible 

phenobarbital or ethanol.
[38]

. CYP450 initiates the 

biotransformation of CCl4 by converting it into 

trichloromethyl radical (.CCl3), which possess the ability 

to bind directly with lipids and proteins in microsome, as 

well as, the heme portion of CYP450.
[39]

. 

Trichloromethyl radical may dimerize to form 

hexachloroethane in an anaerobic system detected from 

many animal tissues.
[29]

 Formation of chloroform 

(CHCl3) results from an addition of a proton and an 

electron to the trichloromethyl radical (.CCl3).
[40]

. On the 

other hand, due to reductive dehalogenation 

trichloromethyl radical (.CCl3) may further convert into 

dichlorocarbene (:CCl2), catalyzed by CYP450; and the 

product is able to bind irreversibly to tissue component 

as well as able to react with water and forms formyl 

chloride (HCOCl), which then further decomposes to 

carbon monoxide.
[41]

. In an anaerobic system, the 

trichloromethyl radical (.CCl3) may dimerize to form 
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hexa- chloroethane which has been detected in animal 

tissues.
[29]

. The trichloromethyl radical (.CCl3) is key 

initiator of lipid peroxidation occurs due to carbon 

tetrachloride exposure.
[42,43]

. After the formation of 

trichloro-methanol from chloroform, production of 

phosgene (carbonyl chloride) takes place, which possess 

the ability to conjugate with reduced glutathione (GSH) 

to form diglutathionyl- dithiocarbonate. The phosgene is 

also able to convert into oxothiazolidine carboxylic acid 

with the ability to conjugate with cysteine.
[33]

. In treated 

rats, loss of CYP450 content observed due to suicidal 

inactivation, results from the formation of 

trichloromethyl radical (.CCl3)- thus CYP450 content 

into  the cell decreases.
[44]

. According to Manno et al., 

1992.
[45]

; one molecule of rat CYP450 enzyme lost in 

favor of every 26 molecules of substrate metabolized. In 

case of human 196 molecules of substrates causes loss of 

one molecule of CYP450.
[45]

. The rate of loss of CYP450 

in rat is high compared to human. In an anaerobic 

condition, CYP450 may destroy followed by psudo first 

order kinetics.
[45]

. It had been proposed finally, CCl4 is 

metabolized in many tissues throughout the body like; 

kidney, lungs (in very tiny amount), but most 

significantly in the liver. In a given tissue, the amount of 

carbon tetrachloride (CCl4) metabolized is directly 

related to the CYP450 content of the tissue. The greatest 

accumulation of carbon tetrachloride metabolites occurs 

in centrilobular region, in the liver, which contains high 

CYP450 levels.
[27]

. CYP2E1 is the enzyme also involved 

in CCl4 bioactivation in humans and animals; while 

CYP3A involves under high exposure conditions.
[46]

 

 

Frank and Link, 1984.
[47]

; also showed CCl4 posses the 

ability to decrease the fluidity of the lipid bilayers of 

plasma membrane. The main reason of CCl4-induced 

liver necrosis is due to damaged membrane integrity, 

which in turn affects calcium homeostasis. Due to the 

said Ca2+ was proposed as a toxic messenger.
[48]

. 

According to Ozaki and Masuda, 1993.
[49]

, the critical 

events to initiate the cell death are irreversible membrane 

damage, loss of Ca2+ sequestrata- tion in hepatocytes, 

leakage of K+ and entry of Na+.  It was also 

recommended that Ca2+ channel blockers may able to 

control the CC14 induced hepatocellular damage.
[50]

. The 

predominant cellular mechanisms involved in CC14 

induced hepatic damage and development of fatty liver 

are due to radical formation and lipid 

peroxidation.
[51]

.The formation and release of low 

density lipoproteins are completely blocked- thus 

depletion of hepatic stores of glycogen and glutathione 

happens with remarkable increase in calcium 

concentration in hepatic mitochondria with altered 

electrolyte distribution as well as swelling of hepatic 

cells.
[46,52]

. This way normal, healthy liver changed to 

fibrotic, patchy one. A decrease in clotting factors (due 

to liver damage) may predispose to haemorrhage.
[53]

. 

 

Renal failure may begin quickly after the on-set of 

hepatic damage and typically reaches a peak in second 

week after exposure. Carbon tetrachloride transformed to 

CCl3 by cytochrome P450 which results in increased 

generation of trichloro methyl peroxyl radicals 

(Cl3COO-) in mesangial cells of kidney. CCl4 

successfully elevated lipid peroxidation rate and able to 

reduce renal reduced/oxidized glutathione ratio in cortex 

of kidney and renal microsomes and mitochondria.
[54]

. 

Development of renal ascites take place in accompany 

with congestion, edema, hypertension and acidosis. In 

response to necrotic liver/ kidney, a moderate elevation 

in WBC also occurred. CCl4 also possess direct toxic 

effects on CNS and lungs. Kidney failure was the main 

cause of death in many patients with acute CCl4 

exposure
53

. In vitro carbon tetrachloride metabolic rate 

constants (for human and animal hepatic microsomal 

preparations) is depicted in Table 2 
46

. Results from 

studies suggested that the metabolic rate in humans was 

more similar to the rate in rats than in other rodent 

species. This kind of hepatorenal dysfunction may be 

combated by raising antioxidant level of exposed 

cells.
[55]

. 

   

Rate of elimination of the Carbon Tetrachloride after 

ingestion 

Carbon tetrachloride exposed animals released, volatile 

metabolize compound are released through exhaled air, 

whereas nonvolatile metabolites are excreted through 

feces and to a lesser degree, in urine.
[56]

. It was observed 

that initial concentration CCl4 and methanol mixture ( 

~2,500 µg/L) in expired air, just after 6 hours of 

inhalation, decreased gradually to  ~120 µg/L within 1 

day and, finally reached to ~1 µg/L after 20 days.
[57,58]

. 

Within 4 hours t1/2 values were achieved with the doses 

of CCl4
[20]

. In [14C] CCl4 exposed experimental rats with 

treatment doses ranges from 15- 4000mg/kg, for 24 

hours period, in case of the low dose of 15 mg/kg; 28% 

as CO2 and 0.11% as Chloroform ; 2.7% were excreted 

in urine and 11% in feces; but 2.9% of metabolites 

remain bound in the liver.
[40]

. In case of a single bolus 

dose of CCl4 of 600mg/ kg body weight/rat/day, <2% 

was exhaled as CO2 (which accounts for 50-60% of 

metabolites), <0.4% as chloroform (11-19% of 

metabolites), 3-9% metabolites were excreted in urine 

and 7-30% through feces; whereas 2-4% of metabolites 

remained bound in the liver.
[40]

. When the CCl4 dose 

administered was 4000mg/kg, the exhalation rates of 

CO2, Parent compound, and chloroform were 88, 1550 

and 3.4 µmole/hr/kg respectively.
[59]

. When rats were 

exposed to radio labeled CCl4 vapor by inhalation at 

1000 ppm for 8 hours duration daily for 5 days; no fecal 

elimination was detected.
[58]

. The rate of elimination of 

CCl4 in rats from tissues exposed to 1000 ppm via 

inhalation for 2 hours; where it took 249 min to reach to 

t1/2 value in hepatic tissue and 204 min for renal 

tissue.
[31]

. But surprisingly 665 min required reaching to 

t1/2 value in case of adipose tissues.
[31]

. The clearance 

rates were 63 ml/min/kg, 58 ml/min/kg and 0.8 

ml/min/kg. In case of administration of 179 mg/ kg CCl4 

through bolus and the t1/2 in liver, kidney and adipose 

tissue were 323 min, 278 min, and 780 min 

respectively.
[31]

. The clearance rate when CCl4 
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administered through bolus were, 175 ml/min/kg, 59 

ml/min/kg and 0.8 ml/min/kg respectively.
[31]

. When 

monkeys exposed to radio labeled CCl4 at 46 ppm for 

5.75 hrs by inhalation, 21% of total absorbed dose was 

eliminated within initial 18 hrs as CO2 
25

. In case of 

acutely exposed human workers, the initial concentration 

of CCl4 in alveolar air was~4000 ppm and took 15 days 

to decline from ~4000 ppm to 0.003 ppm.
[23]

. Human 

subjects when exposed to CCl4 (where the sample size,  

n=6) at 10 ppm for the duration of 3 hrs; after 15 min 

post exposure period 1 ppm of CCl4 had detected in 

expired air; the concentration reaches to 0.28 ppm at 5 

hrs of post exposure.
[23]

. Morgan also studied on human 

subject and reported that 33% of absorbed CCl4 was 

excreted through exhaled air after the exposure of CCl4 

with radio- labeled chlorine
16

. CCl4 was detectable 

within 10 min following adrenal exposure in human 

subjects where the sample size, n= 3. 93% of inhaled 

CCl4 vapor had been removed via the lungs.
[56]

. 

Aproximtely 7% of CCl4 was cleared metabolically at 

the same time by using single four compartment model 

in human.
[59].

 

 

Table 1. Selected chemical and physical properties of carbon tetrachloride are in the following: 

Chemical Abstract Service Registry Number (CASRN):  56-23-5 

Molecular weight 153.82(O’Neil and Smith, 2001) (3) 

Chemical formula CCl4 (O’Neil and Smith, 2001) (3) 

Boiling point 76.8°C (NLM, 2003;Lide, 2000) (1,10) 

Melting point -23°C (NLM, 2003; Lide, 2000) (1,10) 

Vapor pressure at 25°C 1.15 × 10 mm Hg (NLM, 2003) (1) 

Density at 20°C 1.5940 g/mL (NLM, 2003) (1) 

Water solubility at 25°C 7.93 × 10 mg/L (NLM, 2003) (1) 

Vapor pressure 91.3 torr @ 20°C Solubility 
Soluble in acetone, ethanol, benzene, carbon 

disulfide, slightly soluble in water 

Conversion factor 1 ppm = 6.3 mg/m
3
 @ 25°C 

 

Table 2. Metabolic rate constants for hepatic microsomes in vitro Source: Zangar et al.,2000. 

Species Km (µM) Vmax (nmol/min/mg protein) 

Mouse 29.3 2.86 

Rat 59.1 3.1 

Hamster 30.2 4.1 

Human 56.8 2.26 

Km= Michelis- Menten Constant; Vmax= maximum velocity of enzyme reaction. 

 

 
Fig.  1. Schematic representation of metabolism of 

Carbon Tetrachloride 

 

CONCLUSION  

The review concludes that like many environmental 

toxins, CCl4 causes severe hepatic damage which leads 

to renal toxicity and impairment of renal system. The 

exposures of CCl4 above the tolerant level causes tissue 

damage by the generation of free radicals which directly 

able to bind with the lipid molecules of the hepatic cell 

membrane and thus increases the rate of lipid 

peroxidation.  
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