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ARTICLE INFO ABSTRACT

Objective: To determine the toxic effect of diethanolamine on testicular steroidogenesis
and its possible amelioration by curcumin in mice.

Methods: Adult Swiss strain male albino mice were orally administered with dieth-
anolamine (110, 165 and 330 mg/kg body weight) for 45 days. In another set of
experiment, male albino mice were orally administered with curcumin (10, 25 and 50 mg/
kg body weight) along with diethanolamine (330 mg/kg body weight) for 45 days. On
completion of treatment, animals were humanely sacrificed, testis dissected out, blotted
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in testis as well as significant reduction in serum testosterone level. However, co-
treatment of curcumin along with diethanolamine caused significant (P < 0.05) dose-
dependent amelioration in diethanolamine-induced changes in total lipid and choles-
terol contents, activities of 3B- and 17B-hydroxysteroid dehydrogenases and serum
testosterone levels.

Conclusions: The results of the present study showed that curcumin significantly ame-
liorates diethanolamine reduced testicular steroidogenesis.

1. Introduction need to be studied in great detail. Diethanolamine (DEA) is

one of these occupational chemical agents.

In recent decades, the industrial world has become inundated
with an ever-increasing number of chemical and physical agents
whose toxicity on male reproduction is very little known [1].
About 104000 chemical and physical agents existing in
workplaces and the toxicity of most of these agents is not
known or has been partially studied [2]. The male reproductive
system is vulnerable to the effects of these physical and
chemical agents which could adversely affect male
reproductive system by either disrupting the gonadal endocrine
axis or the spermatogenesis process which may results in poor
sperm quality and creates infertility in humans [3]. It is
undeniable that good sperm quality is an essential for
reproductive success. So it is necessary that the effect of
occupational chemical agents on male reproductive health
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Diethanolamine (DEA) is an alkanolamine which is produced
by reacting 2 moles of ethylene oxide with 1 mole of ammonia and
combining both the properties of alcohols and amines. Dieth-
anolamine is widely used as an industrial and agricultural chem-
icals, metal working fluids and personal care products like
cosmetics, shampoos and hair conditioners [4l. Aqueous DEA
solutions are also used as solvents for numerous drugs that are
administered intravenously [51. It is widely used in preparation
of DEA salts of long chain fatty acids that are formulated into
soaps and surfactants used in liquid laundry and dishwashing
detergents. Diethanolamine production and its wide use in
industrial and consumer products may results in its release to the
environment and large, unaltered amount of the chemical being
discharged into water and sewage [6.71.

General populations are exposed to DEA via dermal expo-
sure through consumer products such as soaps, shampoos and
cosmetics [7]. Occupational exposure to DEA may occur by
inhalation of vapors and aerosols and also by skin contact
during the use of DEA in many industries [7]. At workplace
DEA exposure could occur in a manufacturing facility or a
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facility which makes products using DEA as a raw material. The
potential exposure may occur during process sampling, filter
changes and material loading. Diethanolamine also has been
detected in workplace air in the metal manufacturing industry.
It was present in bulk cutting fluids at concentrations ranging
from 4 to 5% I[8]. National Occupational Exposure Survey
estimated that about 800000 metal workers and others in
United States were potentially exposed to DEA [9].

Diethanolamine is metabolized by biosynthetic routes com-
mon to endogenous alkanolamines (ethanolamine and choline)
and incorporated into phospholipids in liver, kidney, spleen and
brain of mice and rats [6]. It interacts with lipid metabolism
in vivo probably by the enzyme-catalyzed
phosphatidylation of phosphatidylcholine by phospholipase D
[10]. Diethanolamine can be incorporated into phospholipids and
inhibit the in vitro and in vivo synthesis of phospholipid
derivatives of choline and ethanolamine [11]. It is excreted
predominantly unchanged with a half-life of approximately
one week in urine [12]. Diethanolamine is an irritant to skin and
eyes and cause systemic toxicity mainly in liver, kidney, red
blood cells and the nervous system following oral and/or
dermal exposure in laboratory animals [13]. It also creates
choline deficiency which includes increased generation of free
radicals and increased susceptibility to oxidative damage
which may induce DNA damage and alter gene expression,
increased cell death and increased cellular proliferation [11.14].

Herbal medicine is the oldest form of healthcare known to
mankind because of the general belief that herbal medicines
have no side-effects besides being cheap and locally available
[15]. Curcumin is a major active chemical constituent isolated
as yellow pigment of turmeric powder produced from the
rhizome of the plant Curcuma longa which is commonly
used as dietary spice and colouring agent in food [16].
Scientists have reported that curcumin possesses wide variety
of desirable preventive or putative biological and medicinal
properties such as anti-inflammatory, anti-platelet, antioxi-
dant, antidiabetic, antimutagenic, anticancer, anti-infection and
antibacterial [171.

Male infertility is a major clinical worldwide problem which
affects the people medically and psychologically. Hence main
aim of this study was to evaluate the toxic effect of diethanol-
amine on testicular function in Swiss albino mice and its
possible amelioration by curcumin, an herbal remedy.

trans-

2. Materials and methods
2.1. Experimental animals

For this study animals were approved by Institutional Animal
Ethics Committee of Gujarat University, Ahmedabad and also
approved by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (Reg-167/1999/
CPCSEA), New Delhi, India. Healthy young inbred Swiss-strain
male albino mice (Mus musculus), weighing approximately 30—
35 g were obtained from Cadila Pharmaceuticals, Ahmedabad
and were maintained under laboratory conditions in a 12-h light/
dark cycle at (25 + 2) °C and relative humidity of 50-55%.
Animals were fed with certified pelleted rodent feed supplied by
Amrut Feeds, Pranav Agro Industries Ltd., Pune, India and
potable water ad libitum. Animals were handled according to the
guidelines published by the Indian National Science Academy,
New Delhi, India (1991).

2.2. Chemicals

Diethanolamine was purchased from Sisco Research Labo-
ratories Pvt. Ltd., Mumbai, India and was of analytical grade.
Curcumin was purchased from Hi Media Laboratories Pvt. Ltd.,
Mumbai, India. All the other chemicals used in the present study
were of analytical grade and purchased from Hi Media Labo-
ratories Pvt. Ltd., Mumbai, India, Sisco Research Laboratories
Pvt. Ltd., Mumbai, India and Sigma Aldrich, St. Louis, MO,
USA. Olive oil was obtained from Figaro, Madrid, Spain.

2.3. Experimental design

Ninety animals were randomly divided in nine groups and
caged separately. Group 1 (untreated control) animals were
maintained without any treatment. Animals of group 2 (vehicle
control) received olive oil (0.2 mL/animal/day) for 45 days as
olive oil was used as vehicle to dissolve curcumin. Animals of
group 3 (antidote control) received 50 mg/kg bw/day of curcu-
min. Animals of group 4, 5 and 6 were orally administered with
low dose (110 mg/kg bw/day), mid dose (165 mg/kg bw/day)
and high dose (330 mg/kg bw/day) of DEA respectively. Ani-
mals of group 7, 8 and 9 were orally administered with 10, 25
and 50 mg/kg bw/day of curcumin respectively along with high
dose of DEA (330 mg/kg bw/day).

2.4. Determination of biochemical parameters

After completion of treatment animals were humanly sacri-
ficed by cervical dislocation. Then the testes were quickly
dissected out, blotted free of blood and used for biochemical
analysis such as total lipid content [18], cholesterol content [19] and
activities of 33 and 17B-hydroxysteroid dehydrogenases [20].

2.5. Serum testosterone level

Blood samples were collected by cardiac puncture in non-
anticoagulant added tubes, allowed to clot for 20-30 min and
centrifuged at 1000 x g for 10 min at 4 °C. The non-haemolysed
serum samples obtained were stored at —4 °C and used for
analysis of serum testosterone level. Serum testosterone was
estimated by Chemiluminescence Immunoassay (CLIA) method
using Advia Centaur XP (Siemens) Immunoassay system.

2.6. Statistical analysis

Statistical analysis was performed by analysis of variance
(ANOVA) followed by Tukey's test using GraphPad Instant
software version 5.03. Data are expressed as the means = S.E.M.
The level of significance was accepted with P < 0.05. Pearson's
correlation analysis was used to determine the correlation be-
tween control and treated.

3. Results

Oral administration of DEA for 45 days (Groups 4—6) caused
significant (P < 0.05), dose-dependent decrease in total lipid
(r=-0.9893) and cholesterol content (r = —0.9962) as compared
to untreated control (Groups 1). Diethanolamine also caused
significant (P < 0.05), dose-dependent reduction in activities of
3B-hydroxysteroid dehydrogenase (r = —0.9983) and 17f3-
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Table 1
Ameliorative effect of curcumin on diethanolamine-induced steroidogenesis changes in testis of mice.
Experimental groups Total lipid Cholesterol 3B-HSD 17B-HSD Testosterone
Control 1. Untreated 4.21 = 0.19 1.24 £ 0.10 0.466 + 0.045 0.379 = 0.050 2.62 £ 0.03
2. Vehicle 445 = 0.15 1.28 + 0.09 0.467 = 0.039 0.384 = 0.041 2.60 + 0.04
3. Antidote 4.30 = 0.16 1.31 £ 0.09 0.473 £ 0.018 0.387 = 0.039 2.67 £ 0.03
Diethanolamine (DEA)-treated 4. DEA-LD 3.15 + 0.03¢ 0.89 + 0.05¢ 0.407 = 0.046 0.315 = 0.054 2.15 + 0.02¢
5. DEA-MD 2.66 + 0.07¢ 0.67 = 0.02¢ 0.359 + 0.035 0.256 + 0.026 1.68 + 0.02¢
6. DEA-HD 1.49 + 0.07¢ 0.32 + 0.03° 0.293 + 0.029¢ 0.190 + 0.010° 0.90 = 0.03“
Diethanolamine (DEA-HD) 7.DEA-HD + C10 1.93 £ 0.09 0.45 + 0.06 0.325 + 0.020 0.216 = 0.028 1.28 + 0.02°
+ curcumin (C)-treated 8.DEA-HD + C25 2.46 + 0.06” 0.70 = 0.04" 0.364 = 0.030 0.265 = 0.035 1.76 + 0.02°
9.DEA-HD + C50  3.56 + 0.16”  1.06 = 0.08”  0.462 +0.053” 0371 =0.038°  2.54 + 0.01°

LD, MD and HD denotes low, mid and high dose of DEA respectively. C10, C 25 and C50 indicates 10, 25 and 50 mg/kg bw/day treatment of
curcumin in mice; Values are mean + SEM; n = 10; Level of significance “P < 0.05, as compared to untreated control bp < 0.05, as compared to DEA-

HD-treated.

Units: Total lipid-mg/100 mg of tissue weight; Cholesterol-mg/100 mg tissue weight; 3B-HSD (3B-hydroxysteroid dehydrogenase) — nmoles of
androstenedione formed/mg protein/min; 17B-HSD (17f-hydroxysteroid dehydrogenase) — nmoles of androstenedione formed/mg protein/min;

Testosterone-ng/mL.

hydroxysteroid dehydrogenase (r = —0.9997) as compared to
untreated control. Also DEA treatment caused, as compared to
untreated control, significant (P < 0.05), dose-dependent decrease
in testosterone level (r=—-0.9910). The maximum alterations were
found with DEA high dose in all parameters. No significant
changes were observed in biochemical parameters between
different control groups of animals (Groups 1-3) (Table 1).

Co-treatment of curcumin along with DEA high dose
(Groups 7-9) caused significant (P < 0.05), dose-dependent
increase in total lipid (» = 0.9745) and cholesterol content
(r =0.9789) as compared to DEA high dose alone treated group
(Group 6). Organoprotective Index was highest for total lipid
(69.93%) and cholesterol (77.08%) in 50 mg/kg bw/day dose of
curcumin along with DEA high dose treated animals (Group 9).
Similarly, as compared to DEA high dose, co treatment of
curcumin along with DEA (high dose) caused significant
(P < 0.05), dose-dependent increase in activities of 3[-
hydroxysteroid dehydrogenase (r = 0.9613) and 17B-hydrox-
ysteroid dehydrogenase (r = 0.9558). Maximum protection
achieved was up to 97.12% and 93.29% for 3B-hydroxysteroid
dehydrogenase and 17-hydroxysteroid dehydrogenase respec-
tively with 50 mg/kg bw/day curcumin along with DEA high
dose. As compared to DEA-HD, co treatment with curcumin
along with DEA-HD caused significant (P < 0.05) dose-
dependent (r = 0.9859) increase in testosterone level by
22.35%, 50.58% and 96.47% as per calculated by organo-
protective index (Table 1). Organoprotective Index of group 7, 8
for total lipid was 14.86% and 32.77%; for cholesterol was
13.54% and 39.58%; for 3f-HSD was 18.39% and 40.80%; for
17B-HSD was 13.40% and 38.65%.

4. Discussion

Oral administration of DEA for 45 days caused significant
(P < 0.05), dose-dependent decrease in total lipid content in testis
of mice. Diethanolamine also decreased cholesterol content in
testis of mice. Cholesterol is a precursor molecule in synthesis of
steroid hormone and is required for normal testicular activity [21].
It has been previously reported that DEA decreased total lipid in
liver of mice [22].

Diethanolamine treatment for 45 days caused reduction in
activities of 3B- and 17B-hydroxysteroid dehydrogenases and
serum testosterone level. This could be due to reduction in

cholesterol content in testis of mice. Testosterone hormone is a
marker for androgenicity which plays pivotal role in maturity,
spermatogenesis and the maintenance of accessory sex organs
[23,24]. The structural and functional integrity of reproductive
also depends on the circulating androgen [24].
Testosterone deprivation can suppress spermatogenesis,
leading to low sperm concentration. Thus reduction in
testosterone may cause sexual dysfunction and finally create
infertility. Degeneration in Leydig cells could also affect the
testosterone level [25]. It has been previously mentioned that
DEA is known to create choline deficiency which causes

tissues

oxidative damage [11.14]. So oxidative stress is another major
factor for alteration in steroidogenesis and reduction of serum
testosterone level because Leydig cell steroidogenesis

vulnerable to oxidative stress [26].

However, oral administration of curcumin along with DEA
for 45 days significantly (P < 0.05) and dose-dependently
increased total lipid and cholesterol contents. Cotreatment of
curcumin with DEA also increased activities of 3p- and 17f-
hydroxysteroid dehydrogenases and serum testosterone level.
This could be due to antioxidative property of curcumin [17]. It
has been previously reported significant increase in plasma
testosterone levels in alcohol plus curcumin-treated mice [27].
Curcumin also increased testicular 33- and 17B-hydroxysteroid
dehydrogenases activities in testis of aflatoxin-treated mice has
been also reported [28].

In conclusion, DEA caused toxic effect on testicular ste-
roidogenesis which is ameliorated by curcumin and finally
prevent to create infertility.
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