
 

 

Mansoura J. Forens. Med. Clin. Toxicol., Vol.25, No. 2, July, 2017 

 

13 

 
Protective Effect of L- Carnitine Against 
Formaldehyde-Induced Kidney, Liver and Testicular 
Damage in Rabbits, A Histopathological Study 
  
Safaa M. George, Heba A. Yassa, Hassan A. Hussein, Abeer M. El Refaiy 
 

 ABSTRACT 

KEYWORDS  
Formaldehyde, 
L-Carnitine, 
Hepatotoxicity, 
Nephrotoxicity. 
  

Formaldehyde (dissolved in market milk) was given every day by gavage to male 
rabbits for 90 days and the histological changes in the liver, kidney and testicles were 
examined using paraffin method. This compound has caused hepatotoxicity which 
included portal inflammation and infiltration by mononuclear inflammatory cells of the 
hepatocytes. This compound has also caused nephrotoxicity which included tubular 
dilatation and hydropic degeneration of tubular epithelial cells. The effect on the testicles 
included atrophy of some seminiferous tubules with shedding of disintegrated epithelial 
cells into the lumina as well as decrease in the number of the sperms. When given to the 
formalin exposed rabbits, L-Carnitine caused recovery of the changes in the liver, kidneys 
and testicles i.e. it has been succeeded in playing a protective role against formalin 
hepatotoxicity, nephrotoxicity and testicular damage. 

 
Introduction  
 

Formaldehyde (FA) is a member of the 
aldehyde family and is one of the simplest 
organic molecules. It is an irritating, colorless 
gas that has a pungent smell (Yamato et 
al., 2005). It is rarely found in its original state 
because it has a short half-life in air and 
decomposes in light to form a toxic substance. 
Formaldehyde is highly soluble in water, as 
well as in most organic solvents, and is a 
highly reactive molecule that can irritate tissues 
through direct contact. Furthermore, FA causes 
cytotoxicity through the formation of strong 
Deoxyribonucleotide (DNA)–protein cross-
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links, as well as cross-links with other 
molecules, e.g. amino acids (Gurel et 
al., 2005). 

Formaldehyde is easily absorbed through 
the respiratory and gastrointestinal tracts, is 
metabolized to formic acid (formate) in the 
nasal mucosa, liver, and erythrocytes of living 
organisms, and is then excreted in the urine and 
feces, or is converted into carbon dioxide and 
exhaled. There are at least seven enzymes that 
catalyze the oxidation of FA in animal tissues, 
namely aldehyde dehydrogenase, xanthine 
oxidase, catalase, peroxidase, aldehyde 
oxidase, glyceraldehyde-3-phosphate 
dehydrogenase, and a specific nicotinamide 
adenine dinucleotide (NAD)-dependent 
formaldehyde dehydrogenase (FDH) (Gurel et 
al., 2005).  

Formaldehyde exposure has toxic effects 
on respiratory system, gastrointestinal tract, 
hematopoietic tissue, eye, skin, testicles, and 
nervous system (Ozen et al., 2005). 
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Reproductive and developmental effects are 
believed to be minima USEPA, 1997). 

It was reported that formaldehyde causes 
severe urinary system impairment. However, 
there are few studies on histochemical and 
histopathological changes of kidney tissue 
caused by formaldehyde toxicity (Boj et al., 
2003; Zararsiz et al., 2006). 

Carnitine is biosynthesized primarily in 
the liver and kidneys from the amino acids 
lysine (via trimethyl-lysine) or methionine 
(Weast, 1981). Its name is derived from the 
fact that it was first isolated from meat (carnus) 
in 1905. Only the L-isomer of carnitine is 
biologically active (Robert et al., 2006). During 
growth, the requirement of carnitine might 
exceed its natural production (Günther et al., 
2002). 

The antioxidant effect of carnitine is due 
to different mechanisms: through its ability to 
enhance adenosine triphosphate (ATP) 
production that might improve the overall 
protein and thus antioxidant enzyme synthesis 
in the cells, also it can elevate glutathione 
levels (GSH) as the synthesis of this 
antioxidant agent is ATP dependent process 
(Rajasekar et al., 2005). Moreover, carnitine 
can protect these enzymes from further 
peroxidative damage by its ability to reduce 
peroxidation reactions (Sussanna et al., 2002). 

The normal rate of L-carnitine 
biosynthesis in humans ranges from 0.16 to 
0.48 mg/kg of body weight/day (Seim et al., 
2001). Thus, a 70 kg person would synthesize 
between 11 and 34 mg of carnitine per day. 
This rate of synthesis combined with efficient 
(95%) L-carnitine reassertion by the kidneys is 
sufficient to prevent deficiency in generally 
healthy people, including strict vegetarians 
(Shikeet al., 1999). 

The use of carnitine showed some 
promise in a controlled trial in selected cases of 
male infertility by improving sperm quality 
(Lenzi et al., 2003). 

L-carnitine supplementation has also 
shown to have beneficial effects in the 
treatment of varicocele, a major cause of male 
infertility (Seo et al., 2010). 

The most common form of milk 
adulteration has been adding water to milk 
which may be polluted with feces, 
microorganisms, harmful chemicals and 
poisonous substances. Formalin is a famous 
preservative for milk because it has the 
property of being in liquid form(Cords, 2001). 

The present study aimed to determine the 
concentration of formaldehyde in different milk 
samples and to investigate the protective 
effects of L-Carnitine against formaldehyde 
toxicity on kidneys, liver and testicles of 
mature male rabbits. 

 
Material and Methods 
 
Chemicals and reagents 

Milk after estimation of the level of 
formaldehyde by HPLC (High performance 
liquid chromatography) and  L-Carnitine 
(Carnitine, Santa Farma) were used in this 
study. 

 
Animals: 

A total of twenty sexually mature male 
breed rabbits aged between 12 and 14 weeks 
were used. Animals were obtained from the 
Animal House of Faculty of Medicine, Assiut 
University. They were individually housed in 
cages in the experimental animal house, under 
natural climatic condition (temperature range, 
15-25ºC) with free access to food and water. 
Animals were fed libitum with commercial 
rabbit pellets (protein 15%, lipid 2.9% and 
fiber 12.30%). Food consumption and animals' 
weight were measured weekly throughout the 
experimental period.  

 
Experimental design:  

Animals in this study received 
formaldehyde orally through the intake of milk 
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which was adulterated by this chemical and 
used as a preservative. Selected organs (liver, 
kidneys and testicles) were examined 
histologically to discover the effect of this 
chemical on the selected organs. 

The animals received market milk after 
estimation of the level of formaldehyde by high 
performance liquid chromatography (HPLC) 
which was 0.5 gm/L (concentration was 0.09 
mg/Kg) and proved to have formaldehyde 
above the allowed level which should be less 
than 0.02 mg/Kg, daily then divided equally 
and randomly into four treatment groups (n = 5 
for each). The control group (group I) received 
saline, the second group(group II) for 3 months 
as a subchronic study (Makowski et al., 2009),  
the dose of this milk was 9 ml given as two 
separate doses (4.5 ml in the morning and 4.5 
ml in the afternoon). The third group (group 
III) received L-Carnitine which was given 
orally to rabbits daily for three months, 
carnitine dose was 250 mg ∕kg orally according 
to Stvolinsky and Dobrota (2000), and the 
fourth group (group IV) received the  
L-carnitine in combination with the milk 
containing formaldehyde in the same dose as 
group II for the same period.  
 
Methods: 
High performance liquid chromatography 
Materials 

Three types of milk in the market were 
studied and analyzed to detect the amount of 
formaldehyde in them by HPLC. All solvents 
were of HPLC grade, Merck (Darmstadt, 
Germany). Double distilled water was used for 
preparing solutions. 

 
Chromatographic system and procedure 

Instruments: According to Kaminski et 
al. (1993) and Li et al. (2007), the 
chromatographic system consisted of a Knauer 
HPLC system (Knauer, Berlin, Germany), 
which consisted of K-500 solvent delivery 
pump, injector valve with a 20 μl loop and K-

2500 UV variable wave length detector. The 
HPLC system control and data processing were 
performed by computer integration software 
(Euro Chrom 2000 Knauer). 

Analytical procedure: The HPLC 
column was Aqua RP-C18 column (250 x 4.6 
mm, 5 μm), (phenomenex, USA) and a 
precolumn (guard column with C18precolumn 
inserts) (Waters, USA) was fitted just before 
the inlet junction of the analytical column. 

The HPLC system control and data 
processing were performed by computer 
integration software (Thermo Scientific™ 
Dionex™ Chromeleon™ 7.2 Chromatography 
Data System (CDS) software). 
 
High performance liquid chromatography 
method: 

The mobile phase consisted of methanol-
water (60:40, v/v). The mobile phase was 
filtered through a 0.45 mm membrane filter 
(Phenomenex, USA) using vacuum filtration 
unit (Phenomenex, USA) and was degassed in 
an ultrasonic cleaner (Cole-Parmer, Chicago, 
IL, USA) and delivered at flow rate 1 mL/min. 
The injection sample volume was 20 µL. The 
detector wave length was set at 355 nm. The 
chromatography was performed at room 
temperature. The peak area was used for 
quantitative calculation of formaldehyde. 
 
Sample derivatization and extraction 

One hundred micro liter of milk samples 
or formaldehyde calibrators was transferred 
into 1.5 ml Eppendorf tubes and 200 µL DNPH 
solutions (3.1 g/L) in 3.6 M HCl were added. 
The mixture was vortexed several times and 
placed in a water bath set at 60 ºC for 15 min. 
Then 0.8 ml n-hexane was added and the 
mixture was vortexed again for 15 min. The 
mixture was centrifuged for 1 min at 2500 g; 
the n-hexane layer was transferred to new 
Eppendorf tubes and evaporated under a 
nitrogen stream. The residue was reconstituted 
in 100 µL of the mobile phase and a 20 µL 
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volume of this mixture was injected onto the 
column. For each sample three replicates were 
analyzed. 

 
Calibration curve 

Formaldehyde stock standard solution 
was prepared by dissolving formaldehyde in 
water to obtain a 100 µg/mL sample. Milk 
standards for the calibration curve were 
prepared by adding appropriate volumes from 
the stock standard solution to drug-free milk to 
obtain final concentrations equivalent to 0.5, 2, 
5, 10 and 20 µg/mL and stored at -20 ºC until 
assay. A 100 µL volume of each formaldehyde 
solution was derivatized and extracted 
according to the described procedure. Three 
injections of each standard solution were made. 
Peak areas with the corresponding 
formaldehyde concentrations were used to 
obtain the calibration curve. 
 
Histopathology: 

At the end of the experiment the animals 
were scarified and the testes, liver and kidneys 
were taken. The excised testes were fixed in 
Bouin’s solution for 24 hours. Liver and kidney 
were fixed in 10% formalin and processed 
using standard laboratory procedures for 
histology. The tissue was embedded in paraffin 
blocks, sectioned, and stained routinely with 
hematoxylin and eosin. Stained sections were 
examined using light microscopy for detection 
of histopathological changes (Wanga et al., 
2010). 

 
Results 
 
Chromatographic results: 

Chromatograms of extracted milk 
samples showed the presence of formaldehyde 
at different concentrations; sample (1): 10.423 
µg/ml, sample (2): 650.32 µg/ml and sample 
(3): 1.231 µg/ml. 

 

Histopathological results: 
Effect of formaldehyde on the testis: 

Testis sections of rabbits in the control 
group were examined and showed normal 
histological appearance (Figure 2A). In rabbits 
exposed to formaldehyde, the testicular tissue 
showed atrophy of some seminiferous tubules 
and disintegrated epithelial cells that are shed 
into the lumina. (Figures 2 C, 2D).There is also 
decrease in the number of mature sperms 
compared to the control. However, the 
histopathological changes observed after the 
administration of formaldehyde, had 
disappeared in the rabbits treated with 
formaldehyde and L-Carnitine (Figure 2B). 

 
Effect of formaldehyde on the liver:  

Liver sections of rabbits in the control 
group were examined and showed normal 
histological appearance (Figure 3A). In rabbits 
exposed to formaldehyde, the tissue showed 
portal inflammation and infiltration by 
mononuclear inflammatory cells (Figures 3C & 
3D). However the histopathological changes 
observed after the administration of 
formaldehyde, had disappeared in the rabbits 
treated with formaldehyde and L-Carnitine 
(Figure 3B). 

 
Effect of formaldehyde on the kidney: 

Kidney sections of rabbits in the control 
group were examined, and showed normal 
histological appearance (Figure 4A). In rabbits 
exposed to formaldehyde, the tissue showed 
tubular dilatation and hydropic degeneration of 
tubular epithelial cells (Figures 4C & 4D). 
However the histopathological changes 
observed after the administration of 
formaldehyde, had disappeared in the rabbits 
treated with  formaldehyde and L-Carnitine 
(Figure 4B). 
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Fig. (1): Typical Chromatographs of different milk samples showing the presence of formaldehyde 
at different concentrations; (a): blank milk sample, (b): 1.231µg/ml, (c): 650.32 µg/ml, (d): 
10.423 µg/ml. 

 

 

(a) 
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Fig. (2): Seminiferous tubules in control group (1A) and Carnitine-treated group (1B) showing no 
pathology. Formaldehyde treated group (1C&1D) showed atrophy of some seminiferous 
tubules and epithelial cells disintegrated and shed into the lumina. There is also decrease 
in the number of mature sperms compared to the control (H&Ex400). 
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Fig. (3): Liver tissue in control group (2A) and carnitine treated group (2B) showing no 
pathologic changes. Formaldehyde treated group (2C & 2D) showed portal 
inflammation and infiltration by mononuclear inflammatory cells (H&Ex100, DX400). 
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Fig. (4): Kidney tissue from control group (3A) and carnitine group (3B) showed no pathologic 

changes. Sections from formaldehyde group (3C & 3D) showed tubular dilatation and 
hydropic degeneration of tubular epithelial cells (H&Ex100). 

 
Discussion 
 

The present study revealed the 
pathological effects of formaldehyde added to 
milk as a preservative on liver, kidney and 
testicles and the possible protective role of L-
carnitine to these effects. 

Sufficient study by different workers has 
already been done on different animal 
(Cynomolgus monkeys, rats, and hamsters 
etc.) about the harmful effect of this culprit 
chemical through inhalation and dermal 
exposure and showed irritation of the eyes, 
nose, and throat, headaches, skin sensitization, 
dermatitis, hoarseness, congestion, and nasal 
squamous cell metaplasia (Rusch et al., 1983). 

As regards the effect on testicles, Ozen et 
al. (2005) used FA in a subchronic study for 

91 days at the doses of 5–10 ppm and 
determined significant reductions in the 
seminiferous tubular diameters. 

Similarly, Golalipour et al. (2007) used 
inhaled form of FA for 18 days in their study 
and suggested that FA causes atrophy and 
degeneration in the seminiferous tubule, which 
lead to reductions in sperm counts. Likewise, 
significant reduction was reported in the sperm 
motility as a result of damage to the Leydig 
cells. Henkel et al. (2005) demonstrated a 
direct correlation between sperm motility and 
testosterone expressed by Leydig cells. In the 
study by Tang et al. (2003) on rats, increased 
abnormal sperm counts were reported. In the 
same vein, Odeigah (1997) determined 
anomalies of the sperm head in rats that had 
been given intra-peritoneal FA. The findings 

 A 
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of the sperm analyses in another study are 
compatible with the findings of earlier studies 
(George et al., 2011). 

In the present study kidneys of treated 
animals showed degenerated and shrinkage 
tissue with ruptured and deformed glomerulus. 
Formaldehyde disturbs the oxidant-antioxidant 
balance in various tissues and cause oxidative 
stress in parallel with tissue damage.  

There are also several clinical studies 
reporting nephrotoxicity caused by different 
applications of formaldehyde. Roldan et al. 
(2003) evaluated patients with alcohol 
dependency and determined that formaldehyde 
and methanol metabolizing formic acid caused 
tubular necrosis development in the renal 
tissue, resulting in renal failure. Shimizu et al. 
(2003) reported a case of suicide attempt that 
involved formaldehyde (150 mL) 
consumption, resulting in acute renal failure 
following hypotension development. 

 Merimsky and Jossiphov (1980) and 
Sarnak et al. (1999) observed edematous 
obstruction and subsequent acute tubular 
necrosis causing acute renal failure in their 
patients with hemorrhagic cystitis treated with 
the use of intravesical formalin (37%). They 
reported that edematous obstruction could be 
due to intravesical formalin administration. In 
this study there was dilatation in the distal 
tubules and hydropic degeneration of tubular 
epithelial cells. These pathological changes 
together with glomerular damage observed 
could result in renal failure at later stages on 
more severe formaldehyde exposure. 
Similarly, Teng et al. (2001), in their 
experimental study on isolated rat hepatocytes 
showed that formaldehyde at low 
concentrations leads to oxidative stress. L-
Carnatine is a potent antioxidant agent and 
exerts a protective effect against oxidative 
stress (Kanter et al., 2010). In this study, L-
Carnatine was found to prevent the liver 
damage against HCHO intoxication. 
Considering the properties of L-carnatine and 

the results of the present study, it is plausible 
that both its radical-scavenging and 
antioxidant actions are involved in preventing 
tissue damage. 
 
Conclusion  
 

Current study suggested that the use of 
formaldehyde is injurious to health and causes 
serious effect on liver, kidney and testicles of 
rabbit model, if they are consumed regularly. 
And in turn, L-carnatine showed a protective 
role against this effect in rat. Therefore, strict 
law needs to be formulated to prevent such 
unlawful act of adding formalin to the food 
stuffs. 
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   كلیة الطب جامعة أسیوط- قسم الطب الشرعي والسموم الإكلینیكیة *
  قسم التناسلیات كلیة الطب البیطري** 

  كلیة الطب جامعة أسیوط -قسم الباثولوجي*** 
  

 

تھدف ھذه الدراسة إلي فحѧص تѧأثیرات التعѧرض للفورمالدھیѧد     . جات عدیدة حولنا الفورمالدھید في منت   یوجد
أجریѧѧت ھѧѧذه الدراسѧѧة لمѧѧدة ثلاثѧѧة   . علѧѧي وظѧѧائف الخѧѧصیة فѧѧي الأرانѧѧب والѧѧدور الوقѧѧائي كمѧѧضاد لھѧѧذه التѧѧأثیرات    

 .)خمѧѧسة أرانѧѧب لكѧѧل مجموعѧѧة   ( ذكѧѧراً مѧѧن الأرانѧѧب البالغѧѧة و قѧѧد قѧѧسمت إلѧѧي أربѧѧع مجموعѧѧات         ٢٠شѧѧھورعلي
موعѧѧة الثانیѧѧة أعطیѧѧت الفورمالدھیѧѧد فѧѧي اللѧѧبن بعѧѧد عمѧѧل تحلѧѧیلا     لمج، ا)موعѧѧة الѧѧضابطةلمجا(وعѧѧة الأولѧѧى ملمجا

موعѧة الثالثѧة أعطیѧت الفورمالدھیѧد بالإضѧافة      لمجلكروماتوجرافیا الطیفیة للعدید من الألبان فѧي الѧسوق المحلیѧة، ا        
و قѧѧد تѧѧم فحѧѧص .  یومѧѧا٩٠ًم للأرانѧѧب لمѧѧدة موعѧѧة الرابعѧѧة أعطیѧѧت الكѧѧارنیتین فقѧѧط كѧѧل یѧѧو لمجإلѧѧى الكѧѧارنیتین، و ا

  .التغیرات السیتولوجیة في الكبد والكلیة والخصیة في كل المجموعات

واتضح أن الفورمالدھید قد تسبب في تسمم كبدي في صѧورة التھѧاب الوریѧد البѧابي وغѧزو الخلایѧا الالتھابیѧة          
 الكلѧѧي واضѧѧمحلال فѧѧي الخلایѧѧا الطلائیѧѧة  لخلایѧѧا الكبѧѧد وقѧѧد تѧѧسبب أیѧѧضاً فѧѧي تѧѧسمم كلѧѧوي اتѧѧضح فѧѧي تمѧѧدد أنابیѧѧب   

أما تѧأثیره علѧي الخѧصیة فكѧان فѧي صѧورة ضѧمور لѧبعض أنابیѧب الخѧصیة وظھѧور  بعѧض الخلایѧا فѧي                   ، للأنابیب
  .تجویف الخصیة مع قلة عدد الحیوانات المنویة

و .خѧصیة وعندما أعطیت الحیوانات كارنتین تسبب في استرجاع التغیرات التѧي حѧدثت فѧي الكبѧد والكلیѧة وال           
قد خلصت ھذه الدراسة إلي أنھ من الممكѧن اسѧتخدام الكѧارنیتین للوقایѧة مѧن التѧأثیرات الѧضارة للفورمالدھیѧد ضѧد                

  .تسمم الكبد و الكلیة والخصیة
  


