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ABSTRACT Acetone (dimethyl ketone) and 2-propanone (CH3COCH3) is an organic chemical compound which be-
longs to ketones. Acetone is produced normally in human body, but its excessive levels has toxic hazard 

effects. Acetone is used in many fields, but excessively as nail polish remover. Present study results proved acetone 
inhalation bad effects (with different concentration levels on experimental male Wistar rats), as neuro-behavior disor-
ders, lack of red blood cells, biochemical imbalance in glucose and insulin levels, urinary acetone increasing level and 
histopathological alterations in some target tissues. We aimed to provide a greater awareness to consumers of acetone 
against its usage without attention as they may are exposed directly or indirectly to acetone inhalation. 

Keywords Histopathological alterations, Toxic Effect, Acetone, Wistar Rats

INTRODUCTION
2-propanone or dimethyl ketone (CH3COCH3) has a com-
mercial name with acetone (Budavari et al., 2002) and is 
used as a chemical intermediate and a solvent in chemical 
and pharmaceutical applications (ATSDR, 2004). Acetone is 
produced endogenously or exogenously (by manufactur-
ing way), completely miscible with water and highly vola-
tile organic compound (WHO, 1998). It broadly studied as 
a metabolic intermediate that is naturally forms in humans 
and rodents under normal metabolic conditions, but highly 
forms under fasting conditions, high-fat ingestion, low-car-
bohydrate diets and uncontrolled diabetes, so toxicokinet-
ics of acetone has been studied (Gentry et al., 2002). 

Overall, available data indicate that humans and rodents 
readily absorb acetone by inhalation, ingestion, and der-
mal exposure (Ernstgard et al., 1999) and there is a  simi-
larity between toxicokinetic data on human subjects and 
rodents for its lipophilic character which allows for acetone 
diffusion into tissues, then distributes throughout the body 
(Clewell et al., 2001). The metabolism pathway occurs ei-
ther by hepatic pathway (at low acetone concentrations) or 
extrahepatic pathway and appeared in excretion (at high 
acetone concentrations) as both lead to glucose (Isha et 
al., 2011). 

At low concentrations pathway, acetone is appeared in 
methylglyoxal pathway. On the other hand, at high con-
centrations pathway, acetone propanediol pathway is in-
volved in gluconeogenesis. Acetone metabolic and excre-
tion appears to be dose-related (Kosugi et al., 1996a). In 
this respect, exposure to acetone low levels leads to small 
losses through expiration and vice versa. Acetone appears 
in the urine when exposure concentrations exceed approxi-
mately 15 ppm (Ankrah and Appiah-Opong, 1999). The 
purpose of this study is to provide public health officials, 
physicians, toxicologists and other interested individuals 
or groups with an overall perspective of acetone toxicol-
ogy inhalation on long run, That will be via presenting 
background and justification of acetone hazards and dose-
response about the risk of acetone inhalation.

MATERIALS AND METHODS
Materials: Animals and experimental design: experiment 

was carried out on 75 male Wistar rats (aged 75:90 days) 
with initial body weight 250:300 g. Rats were housed in 
clean and ventilated cages with constant controlled cli-
mate (Faculty of Pharmacy, King Saud University, KSA). All 
groups, received filtered tap water ad libitum and standard 
rodents chow diet (19.80% protein, 39.25% carbohydrate, 
4.41% fat, 13.25% fibre, and 2.76 kcal/g of metabolizable 
energy). 

Research Design: GROUP1 (control group, n=8) : Con-
trol rats, without acetone induction. GROUP2 (n=8): Rats 
inhaled 5,000 ppm acetone for 7 hours/daily for 7days. 
GROUP3 (n=8): Rats inhaled 7,000 ppm acetone for 7 
hours/daily for 7days. GROUP4 (n=8): Rats inhaled 10,000 
ppm acetone for 7 hours/daily for 7days. 

Methods: Neurobehavioral testing “water maze test” 
(Faculty of Sciences, King Saud University, KSA): Morris 
water maze is large round tub opaque water (made white 
with powdered milk) (1 m x 50 cm, 60 cm in deep) and 
two small hidden platforms (10 cm in diameter) located 
at 1-2 cm under water’s surface. Rat was placed on a start 
platform and swim around till found the other platform to 
stand on. The period of individual rat to find hidden plat-
form (by seconds) was measured daily (Morris et al., 1984). 

Biochemical studies (Faculty of Sciences, King Saud Uni-
versity, KSA): Animals were anaesthetized (0.1 ml I.P. of 1% 
sodium barbiturate) for biochemical measurements [serum 
glucose level (Goldberg et al., 1994), insulin levels (Larsen 
et al., 2002), urinary acetone level (Scholl and Iba, 1997) 
and blood count of RBCs (Isha et al., 2011)]. Blood sam-
ples were collected by intravenous (I.V.) of rats tails using 
heparinizied capillary tubes and stored in EDTA-coated 
tubes (NTP., 2005). Measurements were occurred at same 
day of blood samples collecting and repeated daily. Food 
was withdrawn 10 h before blood collection. 

Histopathological investigations (Faculty of Sciences, 
King Saud University, KSA): At 7th day end, animals were 
anaesthetized (0.1 ml I.P. of 1% sodium barbiturate), then, 
immediately, liver, lung and kidney of 5 animals from each 
group were dissected. Histopathological investigations 
occurred as samples (2-3 cm3) were fixed in 10% forma-
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lin neutral buffered for 24 hours, washed, dehydrated, 
cleared, embedded in paraffin and processed into 5 μm 
sections for light microscopic examinations by routine he-
matoxylin and eosin stain (Hx & E) (Luiz, and Jose, 2010). 

RESULTS
Neurobehavioral testing “water maze test”: There was 
a delaying in rats consumed time to reach final platform 
in 2nd , 3rd  and 4th  group that have been inhaled 5000 
(ppm), 7000 (ppm) and 10000 (ppm) of acetone/daily for 7 
days respectively, when compared to control group. (Table 
1).

Table (1): Mean time in seconds which rats consumed to 
reach final platform. Values expressed as means ± standard 
deviation. (*)= Significant; P ≤  0.05 and  (**) =High sig-
nificant; P < 0.01.

 
Biochemical studies: In treated groups, there were an in-
creasing in serum glucose concentration levels, accompa-
nied by insulin concentration levels decreasing (Tables 2 
and 3), urinary acetone concentration levels increasing (Ta-
ble 4). All of these results were proportionally associated 
to inhaled acetone concentration levels, but RBCs count 
decreasing as it reverse proportionally associated to in-
haled acetone concentration levels (Table 5).

Table 2: Mean of serum glucose levels (mg/dL). Values ex-
pressed as means ± standard deviation. (*)= Significant; P 
≤  0.05 and   (**) =High significant; P < 0.01.

 
Table 3: Mean of serum insulin levels (mg/dL). Values ex-
pressed as means ± standard deviation. (*)= Significant; P 
≤  0.05;  (**) =High significant; P < 0.01.

 

Table (4): Mean of concentration levels of urinary acetone 
(mg/L). Values expressed as means ± standard deviation. 
(*)= Significant; P ≤  0.05 and (**) =High significant; P < 
0.01.

Table (5): Mean RBCs count level (x1012 cell/L). Values 
expressed as means ± standard deviation. (*)= Signifi-
cant; P ≤  0.05 and (**) =High significant; P < 0.01.

 
Histopathological studies: Liver: normal structure of liver 
appeared in the control group with sheets of connective 
tissue which divided the liver into small hexagonal units 
(lobules) with a central vein. Polygonal parenchymal cells 
of liver (hepatocytes) nuclei were distinctly round, with one 
or two prominent nucleoli (Figures 1A&E). Treated groups 
livers (Figures 1B,C&D) showed hepatic narcosis, hepato-
cytes swilling, macrovacuolation and centrilobular hypertro-
phy. Figures 1F,G,H&I showed necrotic nucleus, degenera-
tion accompanied by apoptotic bodies. These alterations 
were in different degrees according to inhaled acetone 
concentration levels, as light effects appeared at level 
5,000 ppm of acetone/daily for 7 days, moderate effects 
appeared at level 7,000 ppm of acetone/daily for 7 days, 
and sever effects appeared at level 10,000 ppm of ace-
tone/daily for 7 days.

Figure 1: Histopathological findings of subjects livers (tran-
sitional section) by Hx&E stain. Normal histological findings 
were seen in control group: [A(X100)&E(X250)]. Treated 
groups subjects livers showed histopathological alterations 
after inhalation of 5,000 ppm of acetone/daily for 7 days 
[B(X100)&F(X250)], 7,000 ppm of acetone/daily for 7 days 
[C(X100)&G(X250)] and 10,000 ppm of acetone/daily for 7 
days [D(X100),H&I(X250)].
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Lung: In control group, lung normal structure appeared with fine lace which was composed of thin-walled alveoli which 
a single layer of squamous epithelium and thin layer of connective tissue in-between with numerous capillaries (Figures 
2A&B). Treated groups rats lungs showed, interstitial fibrosis, alveolar spaces dilatation with rupture in some inter alveolar 
septa. These histopathological alterations appeared lightly after inhalation of 5,000 ppm of acetone/daily for 7 days (Figures 
2C&D), moderately after inhalation of 7,000 ppm of acetone/daily for 7 days (Figures 2E&F), and severely after inhalation of 
10,000 ppm of acetone/daily for 7 days (Figure 2G). Also, after inhalation of 10,000 ppm of acetone/daily for 7 days there 
were congested blood vessels in the alveolar septa, marked dilatation with rupture and pink transudation fluid in some al-
veolar spaces (edema). (Figure 2G).
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Figure 2: Histopathological findings of subjects lungs (transitional section) by Hx&E stain. Normal histological appear-
ance was seen in control group: [A&B(X250)]. Treated groups rats lungs showed histopathological alterations after 
inhalation of 5,000 ppm of acetone/daily for 7 days [C&D(X250)], 7,000 ppm of acetone/daily for 7 days [E&F(X100)] 
and 10,000 ppm of acetone/daily for 7 days [G(X250)].

Kidney: In control group, kidney showed Bowman’s cap-
sule which was composed of structure-less basement mem-
brane surrounding each glomerulus (with noticed podo-
cytes) and urinary space appearance, as well as proximal 
and distal convoluted tubules. Upon capsules inner sur-
face was a continuous layer of flat, epithelial cells, which 
are continued over glomerulus itself (Figure 3A). Treated 
groups showed proximal and distal convoluted tubules 
with destructive lining epithelial cells and congested blood 
vessels (Figure 3B,C,D). There were appearance of hyaline 
droplets and proteinaceous casts (Figure 3D,E,F). Cellular 
infiltrations appeared as fibroses, vacuolation and degen-
erative alterations between glomeruli and convoluted tu-

bules epithelia cells (Figure 3G,H,I), this appeared severely 
after inhalation of 10,000 ppm of acetone/daily for 7 days 
(Figure 3J,K). Sever tubular atrophy, marked tubular di-
ameter reduction and pronounced redundancy of tubular 
basement membrane with mesanglial cells were observed 
(Figure 3G,H,I). There were mass cellular edema with com-
pleted obliterated of Bowman’s capsule with of pyknotic 
nuclei (Figure 3E,K). All of these histopathological altera-
tions appeared lightly after inhalation of 5,000 ppm of ac-
etone/daily for 7 days, moderately after inhalation of 7,000 
ppm of acetone/daily for 7 days, and severely after inhala-
tion of 10,000 ppm of acetone/daily for 7 days. 
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Figure 3: Histopathological findings of rat kidney (transitional section) by Hx&E stain. Normal histological findings 
were seen in control group: [A(X250)]. Male Wistar rats kidney histopathological appearance after inhalation of 5,000 
ppm of acetone/daily for 7 days [B(X250) & G(X250)], 7,000 ppm of acetone/daily for 7 days [C(X250), E(X250), 
H(X250) & J(X250)] and 10,000 ppm of acetone/daily for 7 days [D(X250), I(X250), F(X250) & K(X250)].

with diabetes (Ankrah and Appiah-Opong, 1999).  Acetone 
exposure to humans can result in diabetes like symptoms, 
e.g., hyperglycemia and glycosuria (Wigaeus et al., 2002). 
As discussed by NTP. (2001), hyperglycemia and glycosuria 
are commonly seen in cases of acetone poisoning.

Dietz et al. (2001) showed hematological effects in the 
form of reduced erythrocyte counts. Both species (human 
and rodents) eliminate acetone from the body efficiently 
(Wang et al., 2001). Other endpoints were noted that ac-
etone including significant changes in hematology level in 
males albino rats as the changes in red blood cells count 
parameter was consistent with mild anemia, a depressed 
regenerative response, an inhibition of visual vigilance, 
motor imbalance and decreasing in memory scanning and 
avoidance behavior (Dick et al.,1999). Acetone was evalu-
ated for effects on a delayed match-to-sample task in male 
juvenile baboons (Geller et al., 2000a); decreased dura-
tion of immobility in a behavioral despair swimming test 
in mice (DeCeaurriz et al., 2001) and in coordination in 
a “match to sample” behavioral test in rats (Geller et al., 
2000b). 

Carcinogenicity assessment provides information on car-
cinogenic hazard potential of acetone in qualitative and 
quantitative estimates of risk of its inhalation exposure. 
The information includes a weight-of-evidence judgment 
of likelihood that acetone is a human carcinogen and the 
conditions under which its carcinogenic effects may be 
expressed (Scholl and Iba, 1997). Dose-related of acetone 
increases incidence and severity of centrilobular hepato-
cellular hypertrophy and nephropathy symptoms as tubu-
lar degeneration and hyaline droplet accumulation (NTP, 
2005).

CONCLUSIONS AND RECOMMENDATIONS
An examination of all available information on acetone bio-

DISCUSSION
The average annual production of acetone is expected to 
rise at a global rate. Major end of acetone usage can be 
divided into two separate categories included: i) a chemi-
cal feedstock, ii) a formulating solvent for commercial 
products, therefore, acetone has many favorable properties 
that make it useful (Andersson and MacGregor, 1994). Ac-
etone is broadly distributed throughout the body, particu-
larly in organs with high water content. Under starvation 
conditions, high-fat and low-carbohydrate diets, or uncon-
trolled diabetes, fat is metabolized to form aceto-acetate, 
which is converted to acetone (Argiles, 1999). Overall, 
available data indicated that humans and rodents readily 
absorb acetone by inhalation, ingestion and dermal expo-
sure (Wigaeus et al., 2002). 

A positive linear correlation has been shown between ac-
etone concentration levels in the breathing zone (Bruckner 
and Peterson, 2004), blood and alveolar/urine concentra-
tions (Wang et al., 2001). Collectively, acetone has a rapid 
absorption via respiratory, gastrointestinal tracts and broad 
distribution throughout the body into organs with high 
water content (Christoph et al., 2007). During inspiration, 
acetone passes through epithelial cells in nasal cavity and 
dissolves into bloodstream where it is transported, and can 
cause respiratory tract histopathological alterations (Dahl et 
al., 1999).

The hepatic route involves acetone conversation to acetol, 
then acetol in turn converts to methylglyoxal which is con-
verted either directly to glucose or indirectly to D-lactate, 
which is converted to glucose (Kosugi et al., 1996). Meth-
ylglyoxal has been shown to have potentially effects at lev-
els higher than normal in the body, including: genotoxic-
ity (Wieland, 1998) and apoptosis induction (Mast et al., 
2005). Methylglyoxal has also been shown to affect glu-
cose tolerance indicating potential concerns for individuals 
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logical activity indicated that acetone vapors were mildly 
toxic after both direct contact or systemic absorption. Pri-
mary effects of acute high-level exposure appeared as cen-
tral nervous system depression. Present data indicated that 
acetone appeared to pose a neurotoxic, tissue alterations, 
or generally health hazard at reported concentration levels 
which are found in higher levels than the recommended 
ones which should be in environment or for consumed. 
We recommended for women consumer who are always in 
contact with acetone inhalation to take precautions.
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