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Introduction

Abstract

AIM: Used oil is contaminated not only with heavy metals but also with polycyclic aromatic
hydrocarbons (PAHSs) that are insignificant in the unused oil. In our study we determined possible
reproductive effects of used engine oil on male rats.

MATERIAL AND METHODS: Twenty eight male Wistar rats were used for the study. The rats had
average weight of 181.5 + 10 g, animal feeds and portable water was provided ad-libitum. The rats
were assigned to 4 groups (n = 7) including control. The treated groups orally received 0.1 ml/rat,
0.2 ml/rat and 0.4 ml/rat of the used engine oil every other day for 28 days using oral canulla. The
spermatozoa were collected from epididymis for sperm analysis and testes were removed and
preserved in Bouin’s fluid for routine histological analysis.

RESULTS: Our results showed that there was progressive weight increase among the control
group of rats that received distilled water. Meanwhile, rats that received 0.4 ml/rat of the used
engine oil showed significant (P < 0.05) weight loss in second and third week of administration
while rats that received 0.2 ml/rat and 0.1 ml/rat of the used engine oil showed non-significant (P >
0.05) weight reduction. The spermatozoa number was decreased with significance (P < 0.05) at 0.2
mi/rat (2.38 + 0.29) and 0.4 ml/rat (1.98 + 0.08) when compared with the control (5.00 + 0.89).
However, the percentage of motile sperms was reduced significantly (P <0.05) at 0.2 ml/rat (52.86 +
3.59) and 0.4 ml/rat (45.71 + 2.94) except at 0.1 ml/rat where the reduction (64.00 + 7.5) was not
significant (P> 0.05). The percentage of head deformity been 41.43 + 2.61 and 42.00 + 3.74 at 0.2
ml/rat and 0.4 ml/rat respectively, also significant increase of middle piece deformity was observed
only at 0.1 ml/rat (45.71 £ 2.02) while tail deformity significantly decreased (15.71 + 2.02, 20.00 +
4.36 and 20.00 * 4.47) when compared with the control (30.00 + 1.29). The testicular seminiferous
tubules were slightly degenerated with absence of Lumen. The germinal cell layer consisting of
necrosis of spermatogonia and interstitial (Leydig) cells with affected Sertoli cells at different
maturation stages.

CONCLUSION: Hence, it can be said that there is a negative relation between used engine oil and
male reproductive parameters. And it can be concluded that used engine oil should be prevented
from leaking, spilling or improperly discarded as through medium it may enter storm water runoff
and eventually affect the environmental health receiving water bodies.

oil); burnt oil; and metal particles from engine wear,
such as arsenic, lead, nickel and cadmium [1].
Numerous other metals are present in used oils such

The term used oil was employed to describe
engine oils, transmission oils, and industrial oils
(hydraulic and cutting oils) after use. Used crankcase
oil contains contaminants that accumulate during use
as an engine lubricant. Sources of contamination
include additive breakdown products (e.g., barium and
zinc); engine “blow-by” (i.e., material which leaks from
the engine combustion chamber into the crankcase

as aluminum, copper, iron, magnesium, silicon and
tin; however, they are generally not given much

attention due to their low concentrations and low
toxicities [2].
Motor oils become “enriched” with poly

aromatic hydrocarbons (PAHS) during the operation of
an engine. These contaminants are fuel combustion
products that are transported into the crankcase and
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concentrate in lubricating oil. In an early study using a
1981 gasoline-powered vehicle, PAHs were not
detected in new lubricating oil; however,
concentrations increased rapidly with increased miles
driven [3].

An important difference between new and
used motor oil is the heavy metal content. This
difference is extremely important because many of the
metals are harmful to human health and living
organisms. These metals originate from the fuel and
from motor wear. Used oil contains high
concentrations of lead, zinc, calcium, barium, and
magnesium along with lower concentrations of iron,
sodium, copper, aluminium, chromium, manganese,
potassium, nickel, tin, silicon, boron, and
molybdenum. Concentrations of lead in used mineral-
based crankcase oil were likely higher when leaded
gasoline was used. Burning as a fuel, re-refining and
distillation are the three major methods for recycling of
used oils. Used oil burned for energy recovery, is the
subject to regulatory limit which is (in ppm) for arsenic
(5), cadmium (2), chromium (10), lead (100), total
halogens (4000); and the flash point, according to
regulation, cannot be lower than 45.8C [4]. Highly
contaminated used oil is commonly blended with other
fuel oils before combustion. Combustion of a blended
fuel is assumed not to affect the net release of
emissions with time; from an environmental
perspective, the net emissions remain the same
regardless of dilution [5-7].

Used oil that is leaked, spilled or improperly
discarded may enter storm water runoff and
eventually enter into and adversely affect the
environmental health of receiving water bodies.
Studies monitoring contaminants in runoff consistently
report relatively low levels (i.e., < 5 milligrams per liter)
of oil and grease entering into surface waters [8]. It
has been reported that petroleum hydrocarbons in
urban runoff as well as in aquatic sediment in urban
areas are primarily associated with used crankcase
oil. However, as reported by OEHHA (2006), the
extent to which used motor oil and oil byproducts are
polluting storm water runoff and the ultimate receiving
water is largely unknown. In the case of the highly
refined motor oils and synthetic lubricants, the
increased PAH levels accumulating due to extended
drain intervals may result in increased used oil-related
PAHs entering into storm water runoff. This may, in
turn, result in higher concentrations of PAHs in our
nation’s rivers, bays, oceans and sediments.

The quantity of oil spilled during accidents has
ranged from a few hundred tons to several hundred
thousand tons (e.g., Deepwater Horizon Oil Spill,
Atlantic Empress, Amoco Cadiz). Smaller spills have
already proven to have a great impact on ecosystems,
such as the Exxon Valdez oil spill. Oil spills at sea are
generally much more damaging than those on land,
since they can spread for hundreds of nautical miles
in a thin oil slick which can cover beaches with a thin

coating of oil. This can kill sea birds, mammals,
shellfish and other organisms it coats. Oil spills on
land are more readily containable if a makeshift earth
dam can be rapidly bulldozed around the spill site
before most of the oil escapes, and land animals can
avoid the oil more easily [9].

Control of oil spills is difficult, requires ad hoc
methods, and often a large amount of manpower. The
dropping of bombs and incendiary devices from
aircraft on the Torrey Canyon wreck produced poor
results; modern techniques would include pumping
the oil from the wreck, like in the Prestige oil spill or
the Erika oil spill [10].

The few animal studies available indicate that
lead and other metals in used mineral-based
crankcase oil may be absorbed following ingestion.
Ingestion of used mineral-based crankcase oil was
determined to be the source of elevated tissue lead
levels in 22 cases of lead toxicosis in cattle. Blood
lead levels (0.98 ppm) from cattle with lead poisoning
from all sources (oil, batteries, paint, chemical, and
unknown) averaged 13-fold higher than in controls.
Studies of poisoning in cattle indicate that metals
found in used mineral-based crankcase oil are
distributed to various tissues. In studies examining the
distribution of lead, the kidneys appear to be the major
site of lead accumulation [4].

Findings also indicate that exposure of male
rats to Nigerian Qua Iboe Brent crude oil have
adversely affected their reproductive systems. This
may imply possible reproductive health hazards for
animals and humans that may be exposed to this
environmental pollutant, especially in areas where olil
spillage is a common feature. Crude oil is an
important environmental and industrial pollutant. The
major chemical composition of petroleum (crude oil),
its hydrocarbons tend to differ widely depending on
the location and source. In our environment, these
chemicals are capable of mimicking the inherent
actions of reproductive hormones and, hence, have
the ability to disrupt the neuroendocrine system or the
function of the gonads directly [11].

This result shows that the cauda epididymal
sperm reserve was significantly reduced in the low-
dose (p < 0.05), medium-dose (p < 0.01), and high-
dose (p < 0.01) groups compared to the control group.
The medium dose significantly reduced the cauda
epididymal sperm reserve relative to the low dose (p <
0.01). Similarly, the high dose significantly reduced
the cauda epididymal sperm reserve relative to the
low and medium doses (p < 0.01) [12].

The high-dose group had a significantly
increased mean relative weight of the testes when
compared to the control and medium dose groups (p <
0.05). The mean relative weight of the testes was also
significantly increased in the low dose group relative
to the medium dose group (p < 0.05), but there were
no significant differences (p > 0.05) between the
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relative testicular weights of the low dose and control
groups. The morphology of testes of the crude oil-
exposed rats was characterized by the presence of
interstitial exudates, degeneration, and necrosis of
spermatogenic and interstitial (Leydig) cells. An
increase in the number of spermatogonia was
apparent [13].

Used mineral-based crankcase oil is a
complex mixture of PAHs and metals. Consequently,
it is difficult to determine its toxicokinetics because of
the extensive variability in its composition and also
because of a lack of definitive data for either humans
or animals. However, the few animal studies available
indicate that lead and other metals in used mineral-
based crankcase oil may be absorbed following
ingestion [14-16]. PAHs are potent inducers of
microsomal enzymes. Hence, they can enhance the
metabolism of steroids such as estradiol and
androsterone which affect the reproductive system
[17]. Because of their effects on enzymes, PAHs can
affect the toxicity of other chemicals and promote
carcinogenesis in the liver, induce
immunosuppression (depressed immune system) and
adversely affect reproductive functions [17].

Persons in the vicinity of hazardous waste
sites are likely to be exposed to use mineral-based
crankcase oil primarily via skin contact or ingestion of
contaminated soil. Used mineral-based crankcase oil
may also be found in surface water as a result of
runoff. Because of its poor volatility, inhalation
exposure is unlikely unless the oil is aerosolized. Its
poor solubility suggests that drinking water exposures
are also unlikely. However, chemical constituents
(especially metals) of used mineral-based crankcase
oil may be released from the oil into the environment,
and significant exposure to toxic constituents may
occur in the drinking water or as the result of
bioaccumulation in foods.

The only information located regarding
developmental toxicity came from an egg-painting
study using ducks and quail [18] and another study in
which used and virgin crankcase oil was injected into
mallard eggs [19].

In view of the above, very few data are
available on the reproductive toxicity of the used
mineral based crankcase oil. However, reproduction is
one of the characteristics of living things, therefore,
the following study seek to investigate the toxicity
level of used mineral based crankcase oil in rats’
testes as well as measurement of weight changes in
the rats.

Materials and Methods

The 28 male Wistar rats used for this study

were obtained from the animal house of Faculty of
Basic Medical Sciences, Ladoke Akintola University of
Technology, Ogbomoso, Nigeria. The rats had
average weight of 181.5 = 10g. Animal feeds and
portable water was provided ad-libitum.

The used engine oil administered was a
product of Mobile Oil Company and was collected
from a car engine.

The rats were assigned to 4 groups (n = 7)
including control. The 3 tested groups orally received
0.1 ml/rat, 0.2 ml/rat and 0.4 ml/rat of the used engine
oil and control group received distilled water every
other day for 28 days using oral canulla.

At the end of 28" day of treatment, each rat
was weighed and sacrificed by cervical dislocation.
The spermatozoa were collected from epididymis for
sperm analysis and testes were removed and
preserved in Bouin’s fluid for routine histological
analysis [20].

The epididymis was rinsed in normal saline
and put in a container, 2 drops of normal saline was
added thereafter and it was gently cut into pieces in
the normal saline for the spermatozoa to swim out of
the epididymis.

The semen was picked and sodium
bicarbonate was added to immobilize the -cells.
However, drops of the immobilized semen was picked
(10 pl of the dilution) and put at one end of the cover
slip of the Neubauer counting chamber and left for 2
minutes to settle before placed under the light
microscope to count the cells in the counting grid
square (5 big squares from a Neubauer-Improved
chamber were counted). “Cells touching the upper
and left limits were counted, unlike cells touching the
lower and right limits which was not taken into
account”

Semen from the epidiymis was observed
under the light microscope for motility grading where
the linear and non-linear motility was considered as
motile sperms otherwise, the cells are immoaotile.

For viability of sperm, 1 drop of the semen
was stained with 1ml of Eosin and looked under the
light microscope. The viable sperms picked up the
stain. Light microscope used - Leica Microsystem,
Model DMi8.

Statistical Analysis

Data were expressed as Mean = SEM. A two
way analysis of variance (ANOVA) was employed in
analyzing the data. Duncan’s multiple ranges T-test
was carried out to determine statistical significance
between treatment means at 95% confidence level.
The tests were considered statistically significant
when P < 0.05. The software used was Prism
Graphpad 5, 2009 edition.
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Results

There was progressive weight increase
among the control group of rats that received distilled
water. Meanwhile, group 4 that received 0.4ml/rat of
the used engine oil experienced significant (P < 0.05)
weight loss in second and third week of administration
while groups 3 and 2 that received 0.2ml/rat and
0.1ml/rat of the wused engine oil respectively
experienced non-significant (P > 0.05) weight loss
(Table 1).

Table 1: Average body weight of the rats showing mean £ SEM.

WEEKS Control 0.1ml/Rat 0.2ml/Rat (Gp.3) 0.4ml/Rat (Gp.4)
(Gp.1) (Gp.2)
Initial 1949+17.70 184.9+9.24 171.2 + 10.49 1853 +7.18
"0.31 "V 0.14 "V 0.31
1 206.7 +18.39  200.6 + 7.742 192.9 + 8.21 183.9 % 7.26
"0.38 "vo.25"Y "0.14
2 207.7 £11.67 191.8+7.74 185.0  6.23 159.0 * 6.00
"0.14 ?0.06 "V0.0015
3 211.0£12.97  197.6 £8.30 172.2+13.15  165.3  8.301
"0.20 "V0.03 "V0.007
4 2026+ 1374 188.4+11.55 189.8 + 7.05 183.5 + 5.99
"0.22 "0.21 ™0.15

P-value is denoted with PV while significant PV is denoted with *< 0.05.

The spermatozoa shows decrease in number
of count with significant (P < 0.05) decrease at
0.2ml/rat (2.38 + 0.29) and 0.4ml/rat (1.98 + 0.08)
when compared with the control (5.00 + 0.89).

However, the percentage of motile sperms
was reduced significantly (P <0.05) at 0.2ml/rat (52.86
+ 3.59) and 0.4ml/rat (45.71 + 2.94) except at
0.1ml/rat where the reduction (64.00 + 7.5) is non-
significant (P> 0.05). Meanwhile, The deformity of
spermatozoa was also shown (Table 2) with
significant (P < 0.05) percentage increase of head
deformity been 41.43 + 2.61 and 42.00 + 3.74 at
0.2ml/rat and 0.4ml/rat respectively, also significant
increase of middle piece deformity was observed only
at O0.1ml/rat (45.71 + 2.02) while tail deformity
significantly decreased (15.71 + 2.02, 20.00 + 4.36
and 20.00 £ 4.47) when compared with the control
(30.00 £ 1.29).

Table 2: Sperm analysis of rats showing mean * SEM.

Control 0.1 ml/Rat 0.2 ml/Rat 0.4 ml/Rat

_ _ (Gp.1) (Gp.2) (Gp.3) (Gp.4)
E\)/(I::cr)%scoplc count 5.00 + 0.89 3.1'1:4\1/&(;)7.39 2.?&38.229 1;?’%58638
Motile sperm (% ) 67.14+4.2 645’9’8.;57-5 52*-*8'153’0%031.59 45"?’(1)302024
Non-motile Sperm (%)  10.40 + 1.48 13'3\/30%2?65 15'9v3_i25'9 1*81:(\)/8301020
Head defect (%) 34.29 £ 2.02 37'35‘0_1123'84 41;‘&35023'61 42;%901_03474
?(/]I/Ld)dle piece defect 35.71 +2.02 45*.2\;10%0(2);)2 38.':5\/70.122.40 38.9\/00%23.74
Tail defect (%) 3000+120 (%202 2000x 136 20,00 447

The testicular sections showed seminiferous
tubules with slight degenerated tubules encased in the
interstitial tissue with absence of Lumen. The germinal
cell layer consisted of necrosis of spermatogonia and
interstitial (Leydig) cells with affected Sertoli cells at
different maturation stages (Fig. 1- 4).

P-value is denoted with PV while significant
PV is denoted with < 0.05

=

Figure 1: (control testes, H&E X 400) showing normal Seminiferous
tubules with spermatogonia cells (b), Leydig cells (blue arrow) and
Lumen (a).

Discussions

This study was carried out to determine the
effect of used engine oil on some reproductive
parameters of male Wistar rats.

Figure 2: (0.1ml dosed testes, H&E; X400). Showing lumen (a),
slight degeneration and necrosis of Spermatogonia (b) and
interstitial (Leydig) cells (blue arrow heads).

The non - significant decrease in weight
observed with the treated rats as the experiment
progresses in the successive weeks in this study is
also evident in previous reports that no effects on
body weight gain or growth were observed in rats that
received single doses of used mineral-based
crankcase oil as high as 22,500 mg/kg [9] (Schueler,
1994) or in ducks or pheasants that ingested an
unspecified amount of used mineral-based crankcase
oil in their diets for up to 3 weeks [21] (Eastin et al.,
1983). The lack of effects on body weight gain or
growth probably indicates that higher doses of used
crankcase oil in the diet would have been tolerated.
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Figure 3: (0.2 ml testes, H&E: X400). Showing seminiferous tubules
with germinal layers (d), containing spermatocytes (b), nuclei of
Sertoli cells (white arrow heads), Lumen (a) and absence of Leydig
cells in some areas.

Spermatogenesis is the sum total of events
that occur in the seminiferous tubules within the testis

that produce spermatozoa. The efficiency of
spermatogenesis is assessed according to the
number of spermatozoa produced per gram of

testicular parenchyma and is not influenced by the
differences in testicular size among animals.
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Figure 4: (0.4 ml testes, H&E: X400). Showing seminiferous tubules

with germ cell layer (e), spermatogonia cells (d), nuclei of Sertoli
cells (white arrow head) and absence of Lumen (a).

In this study, therefore, a significant dose-
dependent reduction observed in the cauda
epididymal sperm reserves (oligospermia) of male rats
exposed to the used engine oil is an indication that the
used engine oil interfered with testicular
spermatogenesis. It also suggests depression of
spermatogenic activity, which probably indicates a
decrease in the number of developing germ cells
which is in concordance with Jewell et al., 1998 [12],
Nwaigwe et al., 2012 [22] who reported that the cauda
epididymal sperm reserve was significantly reduced in
the low-dose (p < 0.05), medium-dose (p < 0.01), and
high-dose (p < 0.01) groups of rats treated with
Nigeria Qua Iboe Brent crude oil [23] also identified

crude oil with the potential to induce adverse
developmental defects such as termination of
pregnancy, malformations, sterility in offspring,

testicular changes such as wasting with lack of sperm,
immunosuppression, and tumors.

Furthermore, each sperm structure is
composed of a head which contains the genetic
material in its nucleus, a midpiece which has
mitochondria (power house of sperm) which provide
energy for sperm motion and a tail which lashes back
and forth to propel sperm along. However, compared
to the control, the percentage significant reduction (P
<0.05) of motile sperm at 0.2ml/rat (52.86 + 3.59) and
0.4ml/rat (45.71 £ 2.94) and the spermatozoa head
and midpiece deformities in the present work could
result in male infertility as poor motility called
asthenozoospermia and defects of spermatozoa parts
are associated with reduced or non-viability of
spermatozoa. Hence, the present findings support the
motion of Zhai et al., 2013 [24] that the sperm
parameters, including the epididymis index, sperm
motility, sperm count, and morphology, increased by a
moderate dose of molybdenum (25mg/L), but were
negatively affected at high doses (= 100 mg/L). Also
Danscher et al., 197) [25] have reported high zinc
concentrations to be associated with depressed
sperm motility, while others have reported high zinc
content in seminal plasma to be associated with a
high degree of sperm cell motility [26].

Nonetheless, the degeneration and necrosis
of interstitial (Leydig) cells following exudation into the
interstices were observed in the testes of rats that
received used engine oil treatment. Although a
testosterone assay was not performed, the necrosis of
the interstitial cells probably would have resulted in
decreased synthesis of this hormone, which is well
known to support spermatogenesis similar results was
shown in male albino rats testes dosed with crude oil
in which histological evaluation of the testes showed
slight to severe degeneration or even complete
absence of seminiferous tubules and necrosis of cells
depending on the dose of the crude oil [27] or used oil
[12].

The present study has demonstrated that
exposure of rats to used engine oil induces
reproductive cytotoxicity. Therefore, it is conceivable
that the used engine oil has the potential to hamper
not only male rats’ germ cell development, but also
other testicular activites to produce viable
spermatozoa. This environmental toxicant likely poses
great reproductive risk to human in areas where
exposure to this toxicant is high and disposable of the
used engine oil and its container is not properly done.
For these reasons we expect the elderly with declining
organ function and the youngest of the population with
immature and developing organs that generally are
more vulnerable to toxic substances than healthy
adults to be wary about this toxicant.
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