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ABSTRACT 
Formaldehyde is naturally produced in our bodies and is found in multi products around us. This 

study aimed to examine the effects of jonnaldehyde exposure in milk upon rabbits' testicular functions 

and /he possible protective role of L-Carnitine as an antagollislfor these effects. Twenty male adult rab

bits were used in the present study. divided into jour groups. Co111rol group, formaldehyde group, formal

dehyde and L-Camiline group and LrCarnitine group. Semen analysis was done for all groups in addi

tion to Doppler Ultrasonography for testicles. All seminal parameters were affected by formaldehyde 

exposure in milk; the effects were severe in the form of decrease the sperm count, motility, and increase 

in the abnormal forms. In contrary rabbits received LrCarnitine showed dramaJic improvement in all 

seminal parameters. Conclusion: L- Carnitine can be used as a protective agent for formoldehyde effects 

on testicular disorders. 

INTRODUCTION 

Formaldehyde is produced naturally 
in our bodies by normal metabolism 
and can also be found in the air, food, 
some skin-care products as well as pre
servative in processed food, especially 
dried food and frozen food (Weng et al., 

2009). Homes containing large amounts 
of fonnaldehyde in pressed wood prod
ucts and fiber bread. Outdoor also con
tains large amounts of formaldehyde 
which may exceed the maximum allow
able concentration of the NIOSH (The 
National Institute of Safety and Health) 
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which is 16 ppb. In Egypt (Cairo) this lev
el reach 33 ppb m 1999 (Zhang et al., 

2009). 

Formaldehyde is a carbonyl com
pounds, known for its antimicrobial activi
ty. It is directly used as bacteriostatic in 
cheese and milk to prevent Oosridium sp. 
from fanning gas holes during the manu
facture of cheese. Hexamethylene tetra
mine is a chemical compound conunonly 
used for fruit washing. This compound 
breaks down to formaldehyde to give pro
tection against microorganisms (Ogbadu, 
2004). 
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If the amount of formaldehyde is small, 
it does not harm health. However, it can 
cause minor to serious problems such as 
pain, vomiting, coma and possible death 
when a large amount is taken (Weng et al., 
2009). It has great toxic effects on liver and 
testicles (Majumder and Kumar, 1995; 
Odeigah, 1997; Tang et al., 2003). Liver is 
considered the organ of metabolism in 
oral formaldehyde toxicity, this largely 
overlocked because formaldehyde is rap
idly metabolized and removed and can be 
reduced by alcohol deydrogenase or oxi
dized to formate by mitochondrial dehy
drogenase (Teng et al., 2001). 

Health and Human Services (DHHS, 
1981), the International Agency for Re
search on Cancer (IARC, 2004) and the US 
Environmental Protection Agency (EPA, 
1999) have concluded that formaldehyde 
is probably carcinogenic to humans. 
Therefore, EPA set the guideline for the 
acceptable daily intake (ADI) of formalde
hyde to 0.2 mg/kg body weight and 
warned the potential adverse health ef
fects will be greater for intake of formalde
hyde more than ADJ. 

Camitine, (3- hydroxyl-4N- trimethyl
ammonio-butanoate) is a naturally occur
ring substance found in most cells of the 
body, particularly the brain, neural tis
sues, muscles and heart. Camitine (CA) is 
the generic term for a number of com
pounds that include L-carni tine (LC), ace-
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tyl-L-carnitine (ALC), and propionyl-L
camitine (PLC). It is synthesized primarily 
in the liver and the kidneys from two ami

no acids, lysine and methionine. Carnitine 
is widely available in animal and sea 
foods (meat, poultry, fish and diary prod
ucts), whereas plants have very small 
amonnts. Its name was derived from 
(came) which means meat in Latin and 
Spanish, as the compound was mainly iso
lated from meat Qogl et al ./ 2004). 

Camitine primary mechanism of action 
is apparently attributable to its role as a 
cofactor in the transformation of free long 
-chain fatty acid into acylcamitine for sub
sequent transport into the mitochondrial 
matrix (Fukao et al., 2004; Jogl et al., 2004). 
L- Camjtine (LC) and acetyl-1- carnitine 
(ALC), play several important roles in hu
man body, practically in energy metabo
lism. These nutrients shuttle acetyl groups 
and fatty acids into mitochondria for ener
gy production. Without camitine (CA), 
fatty acids cannot easily enter into mito
chondria (Rahbar et al., 2005). Makowski 
et al., (2009) recorded the potential value 
of supplemental carnitine as a therapy for 
several metabolic disorders. Use of carni
tine showed some promise in a controlled 
trial in selected cases of male infertility im
proving spenn 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). 
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Camitine according to Evangeliou and 
Vlassopoulos (2003) is available as a sup
plement in variety forms: 

- L-carnitine (LC): the most widely 

available and least expensive form. 
- Acetyl-L-carnitine (ALC): often used 

in Alzheimer's disease and other 
brain disorders. 

- Propionyl-L-carnitine (PLC): often 
used in heart and peripheral vascular 
diseases. 

AIM OF THE STUDY 

This study was designed to evaluate the 
possible protective effect of L-Carnitine on 
testicular functions after formaldehyde 
subchronic toxicity in rabbits. 

MATERIAL AND METHOD 

Animals: 
Twenty sexually mature mixed breed 

males and two female rabbits (aged be
tween 12 and 14 weeks) weighing 
2.15±0.32 kg were used. Animals were ob
tained 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-
25C) with free access to food and water. 
Animals were fed ad libitum with com
mercial rabbit pellets (protein 15%, lipid 
2.9% and fiber 12.30%). Food consumption 
and animals' weight were measured week
ly throughout the experimental period. Fe
males were used as teaser for semen col-
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lection from the males. For acclimation of 
the male rabbits and during the first 
month, trails for semen collection using ar

tificial vagina were done twice per week, 
for rabbits training to collect semen. 

Experimental design : 
In the following month, the twenty rab

bit males were divided equally and ran
domly into four groups (n = 5 for each). A 
control group (group I) was received sa
line, (group II) was received market milk 
for 3 months as a subchronic study (Ma
kowski et al., 2009) after estimation of the 
level of formaldehyde by HPLC (High 
performance liquid chromatography) 
which was 0.5gm/L (concentration was 
0.09 mg/Kg) and this level is above the al
lowed level which should be less than 0.02 
mg/K~ (group ill) was received L
Camitine orally for three monthsin a dose 
of 250 mg/kg according to (Stvolinsky 
and Dobrota, 2000) and (group IV) was re
ceived the L-Carnitine a dose of 250 mg/ 
kg for the same period. Through the ex
perimental duration, animals were ob

served for weight or any developed dis
eases. Testicular ultrasonography and 
semen analysis were done for all groups. 

High performance liquid chromatogra
phy (HPLC): 

Twenty types of milk in the market 
were studied and analyzed to detect the 
amount o£ formaldehyde in them by 
HPLC. 
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Accorcling to Kaminski et al. (1993) 
and Li et al. (2007), HPLC system (Agi
lent Technologies, USA) has a VU detec

tor, its column was a Hypersil ODS2-
Cl 8, 5Jlffi, 200rnm x 4.6mm. The ab
sorbed wavelength of detector was set 
at 355run. The mobile phase was meth
anol-water (60:40, v/v) with a flow rate 
of 1 ml I min. The peak area was used 
for quantitative calculation of fmmalde
hyde. 

Milk preparation for HPLC: 
According to Kaminski et al. (1993), 

milk preparation for HPLC analysis is 
done by addition of acidified DNPH (2,4-
dinitrophenylhydrazine) and hexane to 2 
mL of milk sample, stirring for 30 minutes 
at room temperature, filtration through 
Celite, washing with hexane, evaporation 

of solvent and finally reclissolution in ace
tonitrile. 

Calibration curve: 
According to Li et al. (2007), the 

formaldehyde powder was diluted from 
20 mg/L of formaldehyde stock solution, 
containing 0, 2, 5, 10, 15, 20 mg/L formal
dehyde respectively. A 1 mL volume of 
each formaldehyde solution was deriva
tized and extracted. Three injections of 
each standard solution were made and 
the peak area was the corresponding 
formaldehyde concentration to obtain 
the calibration curve. 
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Ejaculates collection and gross sperm 
evaluation: 

The artificial vagina {AV) for semen col
lection was directly connected with a 
graduated collector tube and filled with 

warm water (60~C). The AV was always 
used when inner temperatures fell be
tween 45 and 501J.C (Andrade et al., 

2002; Naughton et al., 2003). Before se
men collection, bucks were allowed one 
false mount and at the subsequent 
mounting, the AV was adequately posi
tioned between the female hindquarters 
for penis intromission. Bucks have been 
previously adapted to this routine and 
no refusals occurred. In all animals, ejac
ulates were collected once weekly on 
Monday morning. The experiment was 
carried out for a period of 3 months from 

the last week of October to the last 
week of January. Before starting the ex
periment, animals producing ejaculates 
containing urine and calcium carbonate 
deposi ts were discarded. The color, pH 
using pH-paper and volume (V) of the 
ejaculate was determined using a graduat
ed conical plastic tube. Gel plugs, when 
present, were removed before volume 
evaluation. Drops of the ejaculates were 
primarily diluted (1:5) in a buffer phos
phate extender and evaluated for sperm 
motility and subsequently shipped to the 
laboratory of theriogenology of the veteri~ 
nary medicine within 1 h for further 
sperm evaluation. 
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Evaluation of sperm quality : 
Evaluation of spermatozoa quality in

cluded sperm motility, morphology, via
bility and acrosome integrity. Before the 
evaluation, semen was diluted (1:8 ratio) 

in a Trisbuffered extender (Roca et aJ., 
2000) and incubated for 30 min in a warm 
water bath at 30°C. The percentage of mo
tile spermatozoa (SMOT) were evaluated 
from three samples of the diluted sper
matozoa placed under a cover slide in the 
centre of a pre-warmed (37°C) slide and 
transferred to a heated microscope stage 

set at 37'C. The evaluation was subjective
ly assessed using phase contrast microsco
py (X200 magnification, Leica, Germany). 
The SMOT was recorded on a five multi
ple scale of 0 to 5 where 0 is absence of 
movement and 5 is progressive motility of 
all spermatozoa. The proportions of sper
matozoa with abnormal morphology 
(SAB) and acrosomal integrity (AON) 
were measured by staining slides with 
Giemsa's stain and examined under a 
phase contrast microscope at the magnifi
cation of 1000 X. Morphologic abnormali
ties included head, midpiece (excluding 

distal cytoplasmic droplets) and tail de
fects. The viable sperm percent (VSP) was 
determined using eiosin-Nigrosin stain. 
Two hundred spermatozoa were counted 
from each preparation of SAB, AON and 
VSP. Sperm concentration was evaluated 
in a haemocytometer after extending 
(1:400, v/v) an aliquot of semen with 0.3% 
formaldehyde in phosphate-buffered sa-
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line. The number of total spermatozoa per 
ejaculate was calculated multiplying se
men volume by sperm concentration. 

Statistical analysis : 
Values were presented as means± stan

dard deviation (S.D .). Data were analyzed 
by analysis of variance (SPSS version 
16.0). 

RESULTS 

The rabbit weights were measured eve

ry week all over the study period which 
was 3 months (90 days; subchronic study), 
and the weight of each group were com
pared. Table (1), (2) and figure (1) showed 
the differences in weight between differ
ent groups of animals through the study. 
There was great statistically difference be
tween weights of rabbits especially the 
group administered market milk with for
maldehyde (group II) in comparison to the 
control group (group I). The weight re
turned to normal when administered with 
L-Carnitine with market milk (group III). 

All seminal parameters were measured 
in the four groups and compared with 
each others in table (3). This table 
showed that all seminal parameters were 
affected by formaldehyde in market milk 
(group II) and exaggerated with increas
ing the period of administration . The af
fection in seminal parameters included de
creased libido, increased the alkalinity of 

Vol. XJX, No. 2, July 2011 



Sajaa M. George} et al ... 

the seminal fluid, decreased numbers of 

live sperm, decreased the motility, de
creased the spermatogenic cells and in
creased the abnormal form.. Figure (2) 
showed the effect of formaldehyde in mar

ket milk (group II) on the sperm motility, 
which revealed severe affection in com

parison with the other groups, and re
turned to normal when the formaldehyde 
in market milk combined with L-Carnitine 
administration (group III). 

Figure (3) showed the sonographic ap- · 

pearance of testicles at the end of the 
study. This figure showed increased 
blood vessels in . the group of market 
milk containing formaldehyde adminis
tration (group IT) in addition to de
creased the size of the testicles and these 
effects returned to nearly normal when L
Camitine added to the formaldehyde in 
milk (group III). 

DISCUSSION 

The present study revealed the sub
chronic effects of formaldehyde used in 
milk as a preservative on testicular func
tions and the role of L-Carni tine as a pro
tective to these effects. 

The formaldehyde effects appear to be 
grave on the weight of the rabbits along 
the study period if compared the control 
group (group I) and group of formalde
hyde with the l.rCarnitine as protective 
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(group ill). This appeared 1n table (1), (2) 

and figure (1). Grazuleviciene (1998) in his 
study summarized the effects of formalde
hyde exposure. As he found that formal
dehyde pollutants exposure had a statisti
cally significant reduction on birth weight. 
Depression, dullness and anorexia were 

apparent in quails fed 20 mL formalin/kg 
feed. 

Food intake, body weight, egg pro
duction and egg weight together 
with absolute and relative weight of 
organs were decreased according to 
khan et al. (2005). In a study done by 
Kamata et al. (1997), they found signifi

cant decrease in food consumption, body 
weight and survival rate in animals ex
posed to formaldehyde. They explained 
these findings due to decreased triglyce
ride levels and absolute liver weight, in 

addition to decrease the food consump
tion. 

In the present study, all semen pa
rameters were affected by administration 
of formaldehyde in milk (group TI) includ
ing count, motility, increased abnormal 
forms, pH and even libido were affected. 
On contrast, the seminal parameters re
turn to nearly normal values with addi
tion of L-Carnitine to the milk which con
tains the formaldehyde (group Ill). This 
means that L-Carnitine is a good protec
tive for formaldehyde effects on semen 
analysis. 
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In agreement with the present results 
Odeigah (1997) as he found that there was 
a significant increase in sperm head abnor
malities in formaldehyde treated rats. Al
though formaldehyde is known to pro
duce DNA protein cross-links in a cell, the 
precise mechanism by which formalde
hyde causes sperm head abnormalities is 
not yet fully established. In general, dam
age to the sperm cell by substances may 
occur by physiological, cytotoxic or genet
ic mechanisms. In a deli tion there are 2 

mechanisms by which chemicals might in
direct! y affect sperm cell function and 
morphology: firstly, exposure to chemicals 
could produce pituitary-hypothalamic or 
sex hormonal effects which in turn could 
affect spermatogenesis and secondly expo
sure could cause abnormalities in seminal 
flu.id, resulting in functional or structural 
impairment of sperm. 

Zhoua et al. (2011) proved that the for
maldehyde affects the sperm count and 
motility, in addition to decrease the activi
ties of superoxide dismutase and glu
tathione peroxidase. Zhou et al. (2006) 

also proved the harmful effects of for
maldehyde on spermatogenesis as it in
duced atrophy of seminiferous tubules 
with a decrease in sperm density and an 
increase in abnormal sperm forms at a 
dose-dependent manner. 

In the present study, Doppler on testi
cles of group U revealed that there were 
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increased venous blood in testicles, with 
tortuous veins, and decreased the size of 
testicles. These effects were completely ab
sent in rabbits administered L-Carnitine in 
milk in addition to the formaldehyde 
(group Ill). This may explain the effect of 
formaldehyde administration on seminal 
parameters. 

Chowdhury et al. (1992) in their study 
found that there was a steady decline in 
body weight and testicular weight with 
formaldehyde administration. Ozen et al. 

(2002) found that subacute and sub chronic 
formaldehyde exposure can cause growth 
retardation and altered levels of trace ele
ments including copper, zinc and iron and 
on testicular tissue may induce oxidative 
damage leading to spermatozoa abnor
malities. 

This study was the first one that ex
amines the effects of L-Carnitine as an 
antioxidant upon the effects of formal
dehyde exposure in food as milk. L
Carnitine administration led to marked 
improvement of all testicular effects in
duced by formaldehyde exposure. Ef
fects of L-Carnitine as antioxidant are 
well studied especially on testicular 
functions but no other researches stud
ied its role against formaldehyde ef
fects. Kanter et al. (2010) found that l.r 
Carnitine attenuated the radiation in

duced morphological changes and germ 
cell apoptosis in the irradiated rat testi-
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cles. Wetterauer and Heite (1980) 
proved that carnitine estimation in hu
man semen is of diagnostic value for epi
didymal function. About 95% of the 
free carnitine originates from the epi
didymis in normospermic persons. The 
clinical significance of carnitine determi
nation is demonstrated in azoospermia, 
varicocele, and obstructive azoospermia. 
In order to obtain a general picture of 
the function of all the glands contribut
ing to the formation and composition of 
seminal plasma we ought not to rely only 
on fructose estimations but should also 
take into account those of the citrate and 
camitine. 
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CONCLUSION 

One of the most abundant toxins in our 
envirorunent is formaldehyde, which used 
as a preservative in many foods especially 
milk and dried food. Many of the hazards 
of formaldehyde are dose dependent and 
can be minimized if the dose of formalde
hyde in food is adjusted. Although the 
toxic effects of formaldehyde on testicular 
functions and semen analysis were docu
mented but L-Carniti.ne could reverse 
these effects in a dramatic way. SO, L

Carni tine could be a good antagonism to 
the toxic effects of formaldehyde on testic
ular functions. 
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Table (1): Mean weight oftbe rabbits in studied groups. 

Each Weight in Welgbt Weight Weight Weight WeJght 

group (gro) at tbc after 2 after 4 after 6 after 9 after 12 

(no. 5) beginning weeks weeks weeks weeks weeks 

of the test 

Group I 2300 2533 2633 2750 2800 2900 
Groupll 2575 2600 2650 2653 2674 2680 
Group ill 2400 2500 2650 2800 2913 2950 
GrouDIV 2400 2575 2686 2894 3000 3125 

Table (2): Paired t test to compare weight in different groups. 

Paired t - test No. T- test P value 

Group I- Group II 5 per group 0.966 o.oo2•• 

Group ll- Group lll 5 per group 0.969 0.001*• 

Group 1: control group Group !I: formaldehyde in milk 

Group Dl: fonnnldchydc io milk + L-Camitine Group IV: L-Camitine only 

3200 

3000 

E 2800 
~ 

. ... · ' -~ ............. . 
/ ······ 

;' . ········ 
~ 

~ 
bO 

'Qi 2600 
~ 
c 
(II 
w 2400 
:!! 

--7,..., . .. 
, ··' 

.:.~.:.. .. 
/ 

2200 

2000 

dose bcgioig 2 weeks 4weeks 6weeks 9weeks 12 weeks 

--control - - formaldehyde • ...... formaldehyde+tarnitine - · - camitinc 

F'gut"e (l): Mean weigbt of the different groups over the period ofthe study 
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Table (3): Scmlr1al parameters of different groups over the study period. 

Period Seminal Control Group II Group Ill Group IV 
parameters (Formaldehyde) Formaldehyde+ Carnitine 

Carnitlne 

RT* 30 sec 30 sec 30 sec 30 sec 

Libido Good Good Good Good 
~ Volume 0.3 0.3 0.2 0.3ml 0 
Cl) .... PH 7.2 7.6 7.0 7.1 ...... = ~ ~ 

%Alive 85 60 80 85 , E! 
o.-

%Dead 15 40 20 15 ...... "' k Q) 

Motility 80±1.2 20±1.0 75± 1.23 75±0.9 OJ,lj 
.:; 
~ %Abnormal form 5±1 .02 40±0.8 27±0.78 10±0.9 

%Intact 90 60 85 90 
Spermatogenic «lls 0.80 0.55 0.86 0.79 

RT* 30 sec 90 sec 30 sec 20 sec 

Libido Very good Fair Very good Very good 
~ Volume 0.5 0.3 0.2 0.4 0 

~ ...... PH 7.8 8.3 7.5 7.8 
CIS = '1:1 ~ %Alive 80 40 75 85 I()~ 

N ~ %Dead 20 60 25 15 
k ~ 

OJ "' Motility 80±1 .0 40±0.5 70±0.65 80±0.7 ,... ..... 
~ o/.Abnormal form 15±0.78 40±0.5 35±0.6 15±0.9 

%Intact 95 65 80 80 
Spermatogenic cells 0.67 0.55 0.85 0.64 

RT* 20 sec 90 sec 30 sec 30 sec 

Libido Very good Farr Very good Very good 
~ Volume 0.3 0.1 0.3 0.6 0 

"' ...... PH 7.6 8.5 7.4 7.8 ..... = CIS ~ 
~ 8 %Allve 80 so 75 80 
o-

%Dead 20 50 25 20 -.:r COl 

"' ~ ~.tf Motility 80±0.7 40±0.8 75±0.54 80±0.55 .: 
< •!oAbnormal form 20±1.2 35±0.7 25±0.6 25±0.5 

%Intact 90 70 90 80 
Spermatogenic cells 0.51 0.65 0.63 0.75 
RT* 30 sec 10 sec 20 sec 15 sec 

Libido Very good Fair Vel)l_&_ood Very good .... Volume 0.3 0.3 0.4 0.5 0 

~- PH 7.2 8 7.4 7.4 .... C! 
~ ~ %A Jive 85 50 80 85 If).§ 
Ill CIS OJ. Dead 15 50 20 15 .... ~ 
~ .... Motility 80 40 85 90 .... -.J ..... 

15 10 < o/.Abnormal form 30 20 
% lntnct 85 70 80 90 
Spermatogenic cells 0.6 OA 0.7 0.7 
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Period Seminal Control Group l Group JJ Group Ul 
parameters (Formaldehyde) Formaldehyde+ Carnitine 

Carnltine 

RT* 30 sec 30 sec 30 sec 30 sec 

Libido Good fair Very Good Very Good ._ 
Vol ume 0.4 0.3 0.3 0.5ml 0 , ,...,. 
PH 7.0 8 7.1 7.2 ;.-. Cl 

(II <II 

% Alive 85 40 80 80 ~~ 
t"- (II % Dead 15 60 20 20 
"" <II 

~:: Motility 80±0.1 30±1.2 75±0.66 75±0.8 
%Abnormal form 5±0.6 60±0.3 27±0.7 10±0.9 
% Intact 90 40 85 90 
Spermatogenic ccUs 0.80 0.5 0.86 0.7 

RT* 20 sec 90 sec 30 sec 30 sec 
Libido Very good Fair Very good Very good 

'-< Volume 0.4 0 .3 0.2 0.3 0 ....... PH 7.5 8.3 7.5 7.5 >.Cl 
(II ~ 

%Alive 80 40 75 80 "d 8 
0 ._ 

%Dead 20 60 25 20 0\ ~ 
IL. ,_ 

Motility 80±0.9 40±.1.0 70±0.56 80±0.7 ~ .... 
~ %Abnormal form 15±0.8 40±1.1 35±1.1 15±0.8 

%Intact 95 65 80 80 
Spermatogenic ceUs 0.67 0.55 0.85 0.64 

RT*= reaction time for ejaculation 

100 

90 

80 

70 

60 

so 

40 

30 

20 

10 

0 

- ·-- . ........ 
-----··~ 

.; . . 
,. ··'·····' .... . .. 

................ ···· 

-.... 

"" ... : ..... . 

... .... 

atter 10 days after 25 daays after 40 days after 55 days after 70 days after 90 days 

--Control - - Formaldhyde ....... Carnlt ine+formaldehyde - · - Carnitlne 

Figure (2): Sperm motility over the study period. 

37 

Mausoura]. Forensic Med. Clin. Toxicol. Vol. XIX No, 2, July 2011 



Safaa M. George, et al ... 
38 

Sonogre.phic results: 

(a) (b) 

(c) (d) 

Figure (3): Sonographic resu lts of different groups at the end of the study, (a} control group, .normal sized 

testicle with normal blood supply (b) group n, formaldehyde in milk, decreased testicular size 

wi th increased and dilated blood vessels(c) Group Ill, formaldehyde in milk in addition to L

Carnitine, testicles with normal blood supply and normal size (d) Group IV, L-Carnitine only, 

normal sjzed testicles and normal blood supply. 
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