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Abstract

This study investigated the toxic effects of 2,4-dichlorophenoxyacetic acid on male Sprague-Dawley rats. In 
which, 30 rats were divided into three even groups. First group received orally normal saline (3 ml/kg b.w.) and 
kept as normal control in parallel to treated groups (5 rats each), second group received orally 2,4-dichloropheno-
xyacetic acid (30 mg/kg b.w.) for 2 months and third group received orally 2,4-dichlorophenoxyacetic acid (30 
mg/kg b.w.) for 6 months. At the end of each treatment, specimens from the liver, kidneys, lungs, testicles, 
epididymis and brain were obtained and subjected for histopathological examination. After 2 months of 
treatment with 2,4-dichlorophenoxyacetic acid, the overall changes were milder and ranged from vascular to 
necrobiotic findings. On the other hand, changes seen after 6 months were severe particularly in the liver and 
kidney. In the liver, there were focal areas of necrosis and preneoplastic changes in the form eosinophilic 
preneoplastic foci, oval cell proliferation and spongiotic pericytoma. Kidneys showed glomerular swelling, 
thickening of the glomerular basement membrane and proliferation of the renal tubular epithelium. Lesions in the 
other organs included necrosis and sloughing of bronchiolar epithelial lining and mononuclear cellular 
infiltration in the lungs, necrosis of seminiferous tubular epithelium in the testicles and neuronal degeneration in 
the brain. In conclusion, 2,4-dichlorophenoxyacetic acid induced deleterious pathological effects on the vital 
organs including preneoplastic changes in the liver in Sprague-Dawley rats.
Keywords: 2,4-dichlorophenoxyacetic acid, herbicides, histopathology, preneoplasia, Sprague-Dawley rats.

Introduction intoxications with 2,4-D can occur upon 
exposure to contaminated soil, air, water or crops Herbicides commonly known as a weed 
or after failure to comply with safety instructions killers are substances used to kill unwanted 
(Morgulis et al., 1998).plants. Selective herbicides kill specific targets 

The acute toxicity of 2,4-D varies while leaving the desired crop relatively 
depending on its form and type of exposure. Rats unharmed. Of which, 2,4-dichlorophenoxyacetic 
subjected to acute intoxication showed ataxia, acid (2,4-D)  is a selective systemic phenoxy 
central nervous system (CNS) depression, herbicide that mimics the plant growth regulator 
muscular weakness and gasping for breaths indole-3-acetic acid (also known as auxin) and 
(Rosso et al., 2000). CNS effects such as general the first herbicide that was registered in the 
sedation, tenseness, loss of righting reflex, motor United States in 1946 (Paulino et al., 1994). 
incoordination and coma have been described Nowadays, 2,4-D is used extensively because of 
after exposure to large doses of 2,4-D in humans, its efficacy and low toxicity. The main 
monkeys, rats, mice, guinea pigs, dogs, cattle, agricultural uses of 2,4-D include applications to 
pigs and rabbits (Hess, 1993). The subchronic agricultural crops, forests or recreational areas. 
toxicity affected the kidney (increased kidney Subsequently, it may be transported by wind and 
weight, histopathological lesions) and the liver water into drainage canals, rivers, lakes and 

oceans (Fargasova, 1994). Animals or humans (increased liver weight, increased liver enzymes) 
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(Gorzinski et al., 1987 and Timchalk, 2004). This study was built up to investigate the toxic 
Chronic toxicity in rats was manifested by effects of 2,4-D on male Sprague-Dawley rats 

with special reference to its carcinogenesis.decreased body-weight gain, altered organ 
weights and hematological parameters and other 

Materials and Methods
biochemical changes. Chronic toxicity in dogs 

All experimental procedures in this study based on decreased body-weight gain and 
were done in accordance with the guidelines of glucose level with increased creatinine and 
the European Union Council (86/609/EU) for the alanine aminotransferase (ALT), decreased food 
use of laboratory animals. In which, Thirty consumption and brain weight and histopatho-
Sprague-Dawley (SD) rats aged 2 - 3 months and logical changes  in the form of pigmentation in 
weighing 150-170 g were obtained from Helwan tubular epithelium in kidneys of both sexes and 
Farm for Laboratory Animal Breading, Cairo, pigmentation in the liver sinusoidal lining cells in 
Egypt. 2,4-D was obtained from Sigma-Aldrich females (Charles et al., 1996). Moreover, 2,4-D 
(USA).produced a variety of neurotoxic effects following 

both acute and repeated-dose exposures. One of Treatment of rats with 2,4-D: Animals were 
the most common neurotoxic symptoms caused housed 4 per cage with wood shavings and were 
by 2,4-D exposure was myotonia (Mattson et al., maintained under a controlled environment with 

o1997). temperature at 23 ± 2 C, relative humidity at 55 ± 
2,4-D is absorbed by plant leaves, stems, 5% and a 12 hr light/dark cycle throughout the 

and roots and is translocated throughout the plant. experiment. Thirty rats were divided into three 
It causes little harm to grass crops. Unlike auxins, even groups. First group received orally normal 
2,4-D remains at high levels within plant tissues saline by stomach tube (3 ml/kg b.w.) and kept as 
rather than fluctuating as the naturally-occurring normal control in parallel to treated groups (5 rats 
hormone. As a result, the plant's transport systems each), second group received orally 2,4-D 1/10 of 

LD  (30 mg/kg b.w.) for 2 months and third become blocked and destroyed by abnormally 50

fast growth that leads to plant death (Hallenbeck group received orally 2,4-D (30 mg/kg b.w.) for 6 
and Cunninghan-Burns, 1985). In animals, the months.
chlorophenoxy acids suppress the synthesis of 

Histopathology: At the end of each treatment, 
ribonuclease, uncouple oxidative phosphory-

tissue specimens were obtained from the liver, 
lation, demyelinate peripheral nerves and elevate 

kidneys, lungs, testicles, epididymis and brain. 
circulating levels of hepatic peroxisomes such as Specimens were fixed in 10% neutral buffered 
creatinine phosphokinase (CPK), lactate dehy- formalin, dehydrated in a graded alcohol series, 
drogenase (LDH) and aspartate aminotransferase cleared with methyl benzoate and embedded in 
(ALT). Skeletal damage as a result of 2,4-D was paraffin wax. Sections of 5 µm were cut and 
manifested by increasing the levels of myoglobin stained with haematoxylin and eosin (HE) and 
and creatin in the urine (Gorzinski et al., 1987).  Periodic acid-Schiff (PAS) for light microscopic 
2,4-D toxicity could be also favor the attack by examination (Bancroft et al., 1996). Stained 
the reactive oxygen compounds triggering a sections were examined under light microscope 
metabolic stress response reaction resulting in (Olympus CX31, Japan) and photographed using 
permanent damage (Chinalia et al., 2007). The digital camera (Olympus, Camedia C-5060, 
International Agency for Research on Cancer Japan).
(IARC) has classified 2,4-D among the phenoxy 

Results
acid herbicides 4-chloro-2-methylphenoxyacetic 

Clinical signs and gross Pathology: Along the acid (MCPA) and 2,4,5-T as class 2B carcinogen-
course of experiment, rats only exhibited slight possibly carcinogenic to humans, inadequate 
loss of weight with some degree of disappetite. evidence for carcinogenicity to animals (IARC, 
Grossly, there were congestion in the liver and 1987).
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lungs and kidneys appeared pale and swollen. proliferated oval cells were seen in-between the 
Neither clinical signs nor gross changes were hepatocytes forming bile duct like structures 
seen in control animals.  (Figs. 2B,C). Megalocytosis of some hepatocytes 

and large dysplastic nuclei with a coarse 
Histopathology

chromatin pattern were observed (Fig. 2D). There Liver : Histopathological examination of HE-
were also eosinophilic preneoplastic foci stained sections revealed that treatment of rats 
appeared in nine cases out of ten cases. In which, with 2,4-D for 2 months produced mild vascular 
hepatocytes showed clear and ballooned and hepatocellular lesions in the liver. Vascular 
cytoplasm with hyperchromatic nuclei and changes were congestion of central and portal 
prominent nucleoli (Fig. 2E). Moreover, there veins, dilatation of blood sinusoids with blood 
was spongiotic pericytoma/spongiosis hepatis in and desquamation of the endothelial lining of 
six treated rats. It is characterized by cyst like some blood vessels (Figs.1A-C). Hepatocellular 
multilocular formation with thin wall and changes were in the form of necrobiotic changes 
elongated nuclei (Fig. 2F).and focal areas of necrosis (Fig. 1D). On the other 
Kidneys: Treatment of rats with 2,4-D for 2 hand, hepatic lesions were severe after treatment 
months resulted in congestion of renal blood of rats with 2,4-D for 6 months. They consisted of 
vessels, interstitial edema and mononuclear multiple focal areas of Kupffer cell hyperplasia 
cellular infiltration, glomerular swelling and (Fig. 2A). The distinct histopathological findings 
hyaline droplet degeneration in the renal tubular following treatment of rats with 2,4-D for 6 
epithelium (Figs. 3A, B). Rats treated for 6 months was the preneoplastic changes of 
months exhibited marked glomerular and tubular hepatocytes. Preneoplastic changes was 
lesions. Glomeruli appeared swollen as the result characterized by presence of many oval cells in 
of mesangial proliferation and showed thickening the portal areas which characterized by small, 
of the glomerular basement membrane and oval and lightly-stained nuclei surrounded by 
Bowman's capsule (Figs. 3C-E). Renal tubular indistinct cytoplasm. In most cases, the 
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Fig.1(Above).Representative micrographs for histopathological findings 
in the liver after 2 month of treatment with 2,4-D. A) Congestion of central 
vein (CV) and dilatation of the blood sinusoids with blood (arrow heads). 
B) Congestion of portal vein (asterisk). C) Dilatation of central vein with 
desquamation of its endothelial lining (arrow). D) Focal necrosis of the 
hepatocytes (asterisk).HE. Fig.2 (Right Side) Representative photo-
micrographs of histopathologic findings in the liver after 6 month of 
treatment with 2,4-D. A) Focal Kupffer cell hyperplasia (arrow). B) Oval 
cell proliferation in the portal area (arrows). C) Oval cell proliferation with 
development of lumen (bile duct like structure) (arrows). D) Megalocytosis 
and nuclear atypism (arrow). E) Eosinophilic preneoplastic foci. Note the 
ballooned cytoplasm and hyperchromasia of the nuclei. F) Spongiotic 
pericytoma/spongiosis hepatis. HE. 
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epithelial cells appeared proliferated and some of Brain showed neuronal degeneration characterized 
by presence of ghost nuclei. Also, there were peri-them had double nuclei and prominent nucleoli. 
neuronal edema and mild microglial reaction There was also fibroblastic proliferation in the 

interstitum (Fig. 3F). The incidence of the most (Fig. 4F).
common lesions in liver and kidney of rats treated 

Discussion
with 2,4-D after 2 and 6 months of treatment was 

The herbicide 2,4-D has been used extensively recorded (Table 1).
in the modern agriculture and despite its short 

Other organs: Histopathological examination of half-life in soil and aquatic environment, toxico-
other organs including lungs, testicles, epididymis logical studies indicated that it has a great potential 
and brain revealed congestion of blood vessels for undesirable effects. These toxic effects include 
after treatment with 2,4-D for 2 months. After 6 embryotoxicity, teratogenicity, neurotoxicity, 
months of treatment, histopatho-logical findings immunotoxicity and hepatoto-xicity (Tuschl and 
were necrosis and sloughing of the bronchiolar Schwab, 2003 and Chinalia et al., 2007). 
epithelium and peribronchiolar lymphocytic Liver is the first target organ for toxicological 
infiltration (Figs. 4A, B). Testicles showed necrosis prospects because of its role in detoxification, 
and sloughing of seminiferous tubular epithelium biotransformation and excretion of xenobiotics. 
(Fig. 4C) and epididymis revealed necrobiotic After enteric uptake of injurious materials, it is 
changes of the epithelial lining and mononuclear the first organ to be exposed to such hazards via 
cellular infiltration in the interstitium (Fig. 4D). the portal circulation (Katzung, 1990). Results 
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Fig. 3. Representative photomicrographs of histopathologic findings in 
the kidney after 2 and 6 months of treatment with 2,4-D. A) Kidney 
showing congestion, interstitial edema and mononuclear cellular 
infiltration. B) Swollen glomerulus as a result of congestion. C,D) 
Glomerular swelling as a result of proliferation of mesangial cells 
(arrows). E) Thickening of the glomerular basement membrane and 
Bowman's capsule (arrows). F) Proliferation of the renal tubular 
epithelium (arrows) and proliferation of fibroblast in the interstitium 
(arrow heads). A,B,C,D,F stained with HE and E stained with PAS. 

Fig. 4. Representative micrographs for some histopathological changes 
in lungs, testicles, epididymis and brain of 2,4-D treated animals. A,B) 
Lung showing necrosis and sloughing of bronchiolar epithelium (arrows) 
and heavy infiltration of lymphocytes. C) Testicle showing necrosis and 
sloughing of necrosed cells in the lumen of seminiferous tubule (arrow). 
D) Mononuclear cell infiltration in the interstitium of epididymis (arrow). 
E) Ischemic neuronal degeneration and peri-neuronal edema (arrows). 
F) Microglial reaction (arrow). HE. 
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obtained in the present study showed that 2,4-D (1994) observed oval cell proliferation following 
induced many histopathological changes in the exposure of mice to a single dose of N-nitro-
liver of rats included necrobiotic changes, focal sodiethylamine. Moreover, de lima et al. (2008) 
areas of necrosis and preneoplastic changes. found that exposure of rats to N-nitrosodiethyl-
Gorzinski et al. (1987) reported necrobiotic changes amine in dinking water (135 mg/l) for 16 weeks 
in the form of hepatocellular cytoplasmic swelling showed oval cell proliferation which appeared 
and homogeneity in rats received 15 mg/kg b.w. dispersed among mature large hepatocytes or 
of 2,4-D per day. Hallenbeck and Cunninghan- forming small cords of clear cells. The 
Burns (1985) observed focal necrosis of the preneoplastic or neoplastic nature of spongiosis 
hepatocytes in rats following treatment with 2,4-D. hepatis has been considered based on its first 

Many herbicides are reported to be carcinogenic description in 1997 in both rats and fish (Couch 
in rats. For example, acetochlor and alachlor and Courtney, 1987; Couch, 1991 and Bannasch 
induced tumors in the nasal turbinates, butachlor and Zerban, 1997). Furthermore, Newton et al. 
induced stomach tumors, and metolachlor causes (2001) and Spencer et al. (2002) reported that 
liver tumors (Coleman et al., 2000). However spongiosis hepatis is an indicator of hepato-
some studies reported that 2,4-D produced brain carcinogenicity after treatment of rats and mice 
tumor in rats and lymphoma in dogs and rats, the with methylkethylketoxime or propylene glycol 
carcinogenic potential of 2,4-D remains controversial monomethyl ether.     
(Page, 1996). In the present study, treatment of Kidney is a potential target for chronic 
rats with 2,4-D for 6 months produced preneoplastic occupational exposure to phenoxy acids as they 
changes in the form of eosinophilic preneoplastic are inhibitors of chloride channels in renal tubular 
foci, oval cell proliferation and spongiotic cells which leads to alterations in the excretion of 
pericytoma. Preneoplastic foci of altered hepatocytes urinary electrolytes (Boers et al., 2010). Histo-
have been known as the earliest emerging distinct pathological examination of renal tissues 
phenotypic parenchymal changes indicating revealed vascular changes such as interstitial 
carcinogenic response in chemical hepatocar- edema and congestion of glomerular capillaries 
cinogenesis in rats and mice for almost 4 decades after treatment with 2,4-D for 2 months. 
and have been discussed as potential end-points Treatment of rats for 6 months resulted in 
in carcinogenicity testing since in the early 1980 mesangial cell proliferation, thickening of the 
(Bortolozzi et al., 2001). g lomeru la r  basement  membrane  and  

Oval cell proliferation can give rise to proliferation of the tubular epithelium. Similarly, 
preneoplastic foci and nodules that can progress it was reported that treatment of rats with 2,4-D 
to cancer (Sell and Dunsford, 1989). He et al. produced loss of brush border and hypertrophy
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Lesions No. of rats at6months

Liver Lesions
- Congestion 10 2
- Desquamation of the endothelial lining 8 1
- Focal liver necrosis 9 0
- Focal Kupffer cell hyperplasia 0 9
- Preneoplastic foci 0 9
- Oval cell proliferation 0 9
- Megalocytosis 0 9
- Spongiotic pericytoma 0 6
Kidney lesions:
- Congestion 10 0
- Edema 10 0
- Glomerular swelling 10 5
- Thickening of glomerular basement membrane 0 8
- Proliferation of the renal epithelium 0 10
- Fibroblast proliferation 0 10

No. of rats at 2 months

Table-1. The incidence of the most common lesions in liver and kidney of rat treated with 2,4-D 
after 2 and 6 months of treatment.
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