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ABSTRACT
Objective: Brown HT is an extensively used food color. Our objective was to evaluate the possible toxic effect of Brown HT on male reproductive
functions in rats.

Methods: Brown HT was administered to male rats orally at 100, 200, and 400 mg/kg body weight/day for a period of 30 days. At the end of this
period, different types of parameters related to male reproductive physiology and activities of different antioxidant enzymes were measured by
spectrophotometric method using standard protocols. The serum hormonal levels were measured by Chemiluminescence Immuno Assay method
using the kit.
Results: We have observed significant decrease in mean body weight, gonado somatic index, number of epididymal sperms, percentage of motile
sperms, and also decrease in serum level of luteinizing hormone, follicle-stimulating hormone (FSH), and testosterone in a dose dependent manner in
Brown HT exposed rats. The activities of antioxidant enzymes such as superoxide dismutase, catalase, glutathione reductase, glutathione peroxidase,
and glutathione-S-transferase have been decreased and the level of malondialdehyde, a biomarker of lipid peroxidation has been increased significantly
in exposed rats. Histopathology of testes also showed degeneration of germ cells in somniferous tubules in Brown HT exposed rats.
Conclusion: According to this result, it is concluded that Brown HT suppresses the male reproductive functions probably by producing oxidative
stress in testicular tissues and suppressing the hypothalamus-anterior pituitary-testicular axis in rat.
Keywords: Brown HT, Testes, Sperm count, Luteinizing hormone, Follicle-stimulating hormone, Testosterone, Oxidative stress.
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INTRODUCTION
We understood from several scientific literatures that different types of
food additives are used by human beings from a long time approximately
since 1500 B.C to conceal the poor quality of spoiled food products.
Before, the discovery of the synthetic dyes, people often used different
natural substances such as caramel, saffron, and curcumin to color the
food products. However, the use of synthetic coaltar dyes, which are
much cheaper suppress the use of natural color dyes and provide better
coloration. As per Food Adulteration Act, 1954 (PFAA, 1954) in India
eight synthetic colors have been permitted to color the different food
items considering their low toxicity, namely, carmoisine, erythrosine,
tartrazine, indigo, brilliant blue, sunset yellow, ponceau 4R, and fast
green [1-3].
Brown HT (Chocolate Brown HT) is a synthetic bis-azo dye, used
as food color, consists of reddish-brown powder or granules with
molecular formula of C27 H18N4Na2O9S2. It is the disodium salt of 4, 4’-(2,
4-dihydroxy-5-(hydroxymethyl-1, 3-phenylenebisazo) di (naphthalenesulfonic acid). It is readily soluble in water and gives the intended color
which is very persistent in light and heat [4,5]. Joint FAO/WHO Expert
Committee on Food Additives (JECFA) in 1977 followed by the EU
Scientific Committee for Food (SCF) in 1984 have suggested that Brown
HT can be used as a food additive to produce the intended food color
in food industries [6,7]. According to JECFA, 1984 Acceptable Daily
Intake (ADI) of Brown HT is about 0–1.5 mg/kg BW/day, while the ADI
is about 0–3 mg/kg BW/day according to SCF [8,9].

Although United States and the WHO did not approve Brown HT as a
permitted food color in food industries, this dye is abundantly used
to enhance the color of several food products such as chocolate cakes,
brown bread, biscuits, bakery products, snacks, soft drinks, ice-cream,

piddles and sauces, cheese, desserts including flavored milk products,
yogurts, jams, soups, fruit products, dessert mixes, canned meat, sugar
confectionary, and flour confectionary [5,10-13].

It has been reported that Brown HT produces toxic effects on some
health variables in animals due to regular intake with food products. It
produces significant reduction in hemoglobin counts, leukocyte counts,
red cell counts, hematocrit value, packed cell volume, serum urea level,
etc. [14,15]. It produces harmful effects in brain by decreasing the levels
of dopamine, norepinephrine, and gamma-aminobutyric acid in some
areas of brain [11,14].

Oxidative stress is responsible for many damaging processes in the
body which can lead to protein, lipid and DNA damage, tissue damage,
inflammation, and subsequent cellular apoptosis, several type chronic
diseases such as atherosclerosis, cancer, cardiovascular disease, and
neurodegenerative diseases [16]. Spermatogenesis is also susceptible
to oxidative stress-induced damage [17]. The antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and glutathione reductase (GR) play a significant
role in protecting the spermatogenesis or sperm against peroxidative
damage [1]. Any reduction in the activities of antioxidant enzymes due
to Brown HT exposure may leads to oxidative stress in reproductive
organs. Other synthetic azo dye like tartrazine produces adverse effect
on male reproductive function by producing oxidative stress induced
damages of testicular tissues, altering the sperm morphology, and
sperm count [18,19]. Hence, there may be a possibility to impair the
male reproductive functions due to excessive intake of Brown HT.
Therefore, the present study was carried out to evaluate if Brown HT
exposure could disrupt the structure and function of male reproductive
organs and spermatozoa in rats.
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METHODS
Reagents and chemicals
Reagents used for this study were of analytical grade. Brown HT was
purchased from Red SUN DYE CHEM, India. Trichloroacetic acid, Tris,
BSA, Glacial acetic acid, Triton-X-100, Folin–Ciocalteu’s phenol reagent,
Pyrogallol, Sodium potassium tartrate Thiobarbituric acid, K2Cr2O7,
1-chloro-2,4 dinitrobenzene, H2O2, sodium azide, etc., were purchased
from E-Merck, India. Reduced glutathione, Oxidized glutathione,
5-5′-dithiobis-2-nitrobenzene, and Nicotinamide adenine dinucleotide
phosphate, were purchased from Sisco Research Laboratories Private
Limited, India.
Animals
Male albino rats weighing between 100-200gm of Charles Foster
strain (12–14 weeks old) were used for the experiment. The animals
were housed in polypropylene rat cages under suitable environmental
condition at a room temperature of 25±2°C with 12:12 h light-dark
cycle and adequate ventilation. The animals were fed standard
laboratory chow and water daily [20,21]. The animals were nursed as
per the recommendation of Animal Ethics Committee of the University
of Kalyani based on national guidelines.

Experimental design
After 7 days of acclimatization in laboratory environment, the rats
were divided into four groups (control and three treated groups, i.e.,
Treated-I, Treated-II and Treated-III) including eight animals in each
group (Table 1). The treated animals were received Brown HT by oral
gavage for a period of 30 days. The doses of Brown HT were selected on
basis of the previous studies according to Bawazir, 2012 [11].
Mean body weight
The body weight was calculated on the basis of the weight taken on the
day of the application of 1st dose and it was considered as the initial
body weight. The body weight taken on the day of sacrifice or 31st day
was considered as the final body weight.

Gonadosomatic index (GSI)
After 30 days of exposure duration, the rats were sacrificed; both testes
were excised and weighed. GSI was calculated using the following
formula:
GSI = weight of testes/body weight × 100 [22,23].

Epididymal sperm count
After 30 days exposure to Brown HT, the rats were sacrificed and the
epididymis was carefully separated from the testis. The caudal part
severed from its remaining part and weighed [24]. The caudal part of
epididymis chopped with the help of sharp blade in 10 ml phosphate
buffer saline (PBS, pH-7.4) and spermatozoa were removed from
epididymal pieces by vortexing gently in PBS for 10 min. Approximately
20 µl of thoroughly mixed diluted specimen was transferred to each of
the Neubauer Counting Chambers of the Hemocytometer and allowed
to settle for 10 min in a incubator. After incubation, the number of
spermatozoa in the appropriate squares of the hemocytometer was
counted using the digital SLR Olympus camera (E-620) fitted with
Olympus light microscope (CH20i) at 400× magnification. Total number
of sperms was expressed in million/g weight of cauda epididymis [25,26].
Table 1: Animal groups and exposure strategies

Animal groups

Exposure

I
II

Received distilled water for 30 days (control).
Received 100 mg/kg body weight/day of
brown HT for 30 days (treated-I).
Received 200 mg/kg body weight/day of
brown HT for 30 days (treated-II).
Received 400 mg/kg body weight/day of
brown HT for 30 days (treated-III).

III
IV
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Sperm motility
Motility of epididymal sperm was evaluated according to the method of
Linder et al. (1986) and Cooke et al. (1991) with slight modifications in
both dose- and time-dependent manner (i.e., after 20, 40, and 60, min of
sample collection) [27,28]. Epididymal sperm motility was expressed as
the percentage of motile sperm of the total sperm counted [25,29,30].

Hormone measurements
After the full-term exposure of the animals to Brown HT for a period
of 30 days, the rats were sacrificed by cervical dislocation. Blood was
collected through cardiac puncture and centrifuged at 4000 rpm for
15 min at a temperature of 4°C. Serum was collected and stored at a
temperature of -20°C for further estimations of reproductive hormones.
The serum levels of follicle stimulating hormone (FSH), luteinizing
hormone (LH), and testosterone were measured by Chemiluminescence
Immuno Assay method using the Abbott Barcode System Pack kit (Made
in Ireland) [22,31,32].
Biochemical assay

Homogenate preparation
Following sacrifice, both testes were rapidly removed, washed in ice cold
saline, dried with a blotting paper and weighed. A 10 g% of testicular
tissue homogenate was prepared in 0.1 M phosphate buffer (pH-8.0),
with 2 mM EDTA and 0.5% Triton-X-100 by a tissue homogenizer. The
testicular tissue homogenate was centrifuged at 2500 rpm for 10 min
and supernatant was collected for malondialdehyde (MDA) assay. The
pellet was discarded and supernatant was re-centrifuged at 590 g for
10 min. Then, the supernatant was collected and stored at a temperature
of -20°C for biochemical antioxidant enzyme assay [33,34].
Estimation of oxidative stress related variables in testicular tissue
homogenate

According to the protocol of Marklund and Marklund, (1974) the SOD
activity was measured [35]. The activity of CAT was estimated by the
protocol of Sinha, (1972) with slight modifications [36]. GR activity
was measured according to the method of Staal et al., (1969) [37]. The
activity of GPx and Glutathione-S-Transferase (GST) was assayed by the
method of Rotruck et al., (1973) and Habig et al., (1973) [38,39]. The
amount of MDA, a marker of lipid peroxidation (LPO) was determined
according to the protocol of Devasagayam and Tarachand, (1987) [40].
The protein was estimated by the method of Lowry et al., (1951) with
bovine serum albumin as the standard [41].
Histological study
After 30 days exposure, the rat was sacrificed, testes were collected,
cleaned and dipped in neutral buffered formalin for 48 h for fixation.
Then, the tissues were run through several steps according to Bancraft
and Gamble (2002) for histological study and at last, the tissue sections
were observed under 100× magnifications using the Olympus light
microscope (CH20i). Images were obtained by digital SLR Olympus
Camera (E-620) [42].
Statistical analysis
Data obtained from the results were presented as mean±SEM. Statistical
comparisons between the values obtained in control and Brown HT
treated rats were carried out using one-way analysis of variance
followed by Student’s t-test for paired values; p≤0.05 was considered
as significant.
RESULTS

Effect of Brown HT on the body weight and GSI
The mean body weight of Brown HT exposed groups of rats was
decreased significantly in a dose-dependent manner compared
to control group of rats for two higher doses (i.e., 200 and
400 mg/kg BW/day) (Fig. 1a). We have also observed a significant
decrease in GSI in Brown HT exposed rats for two higher doses (i.e.,
200 and 400 mg/kg BW/day) (Fig. 1b).
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Effect of Brown HT on epididymal sperm count and sperm motility
We have observed a significant reduction in sperm count of Brown HT
exposed groups of rats in comparison with control group of rats in a
dose-dependent manner for two higher doses (i.e., 200 and 400 mg/kg
BW/day) (Fig. 2a).

of rats compared to control group of rats. Further we have found a
significant increase in the level of MDA in testicular tissue homogenate
in Brown HT exposed groups of rats compared to testes of control rats
(Fig. 5).
Histopathological findings
Histological analysis of the testes of control rats showed normal
morphological appearance of seminiferous tubule with stratified
epithelium. However, histological analysis of exposed groups of rats
showed structural alterations in the cellular structure of seminiferous
tubules with sloughing of germ cells from the basement membrane and
gross impairment in the orientation of the germ cells in seminiferous
tubules in comparison with control histological structure of
seminiferous tubules (Fig. 6). Besides, the number of the germ cells
in seminiferous tubules has been decreased. Further the diameter
of the lumen of seminiferous tubules in Brown HT exposed rats has
been increased in a dose response manner compared to control rats
(Table 2).

We have also found a significant reduction in percentage of sperm
motility in exposed rats dose and time dependently (i.e., after 20, 40,
and 60 min of sample collection) (Fig. 2b).

Effect of Brown HT on morphology of epididymal sperms
We have observed no significant changes in epididymal sperm
morphology in exposed groups of rats in comparison with control
group of rats (Fig. 3).

Effect of Brown HT on male reproductive hormone levels
We have found a significant decrease in the levels of some major male
reproductive hormones. The levels of LH and testosterone in the serum
of Brown HT exposed groups of rats have been decreased significantly
in a dose response manner (Fig. 4). We have also found significant
reduction in serum level of FSH only in higher dose exposed rats in
comparison with control rats.

DISCUSSION

Brown HT is a synthetic food color and has been used heedlessly in
Indian food industries [6,7,12]. From the evidences, it has been clear
that this compound produces toxic effects on different organs of the
body such as brain, liver, heart, blood, and kidney. Hence, the aim of
the present study was to evaluate the probable toxic effects of Brown
HT on the male reproductive functions in rat model to understand the
probable mechanism of intoxication of Brown HT in male reproductive
function in humans.

Effect of Brown HT on antioxidant defenses in testes.
The activities of different antioxidant enzymes such as SOD, CAT, GPx,
GR, and GST in testicular tissue homogenate have been decreased
significantly in a dose-dependent manner in Brown HT exposed groups

a

GSI is an index used to measure sexual maturity in relation to the sexual
development of testes. GSI predicts the rates of sperm production as
well as sperm function in a given species [43,44]. GSI depends on size
and mass of testes. In our study, GSI has been decreased in Brown HT
exposed rats. Our result indicates that Brown HT reduced the testicular
mass of the exposed groups of rats in comparison to control rats. From
the earlier study, it is reported that there is a positive correlation
between testicular mass and sperm production [45,46]. Hence, our
result suggests low sperm production efficiency.

b

Fig. 1: Graphical representation showing the (a) mean body weight
of control and Brown HT exposed rats and (b) the Gonado Somatic
Index of control and Brown HT exposed rats. Data are expressed as
mean±SEM. ap<0.05, bp<0.01, cp<0.001 versus control, (n=8)

a
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Sperm concentration in semen, morphology of the sperm and sperm
motility are three primary indices which are being considered to

b

Fig. 2: Graphical representation showing the (a) sperm count (millions/g weight of cauda epididymis) and (b) percentage of motile sperm
after 20, 40 and 60 min of sample collection in control and Brown HT exposed rats. Data are expressed as mean±SEM. ap<0.05, bp<0.01,
c
p<0.001 versus control, (n=8)
Table 2: The area of seminiferous tubule (mm2) and area of lumen (mm2) in control and brown HT treated rats
Parameters
Area of semniferous tubule (mm )
Area of lumen (mm2)
2

Control

Treated-I

Treated-II

Treated-III

0.053±0.003
0.009±0.001

0.051±0.002
0.013±0.001b

0.055±0.002
0.018±0.001c

0.057±0.004
0.023±0.003c

Data are expressed as mean ± SEM. bp<0.01, cp<0.001 vs. control, (n=8).The area were measured using the application Image J-1.4.3.67.
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evaluate the male fertility and reproductive system toxicity [29,47-49].
The epididymal sperm count and the percentage of motile sperm have
been determined in exposed groups of rats to ascertain the probable
role of Brown HT in the suppression of spermatogenesis. We have found
significant reduction in sperm count of Brown HT exposed groups of rats
in comparison with control group of rats in a dose-dependent manner
for two higher doses (i.e., 200 and 400 mg/kg BW/day) and significant
reduction in percentage of sperm motility in Brown HT exposed rats
compared to control group of rats has been observed both in dose- and
time-dependently. The decrease in percentage of sperm count might be
due to Brown HT induced damages of seminiferous tubules as revealed
by the decrease in testicular mass. The result indicates that Brown HT
not only inhibits the process of spermatogenesis, but also inhibits the
process of acquisition of motility by the spermatozoa.

FSH, LH, and testosterone have roles in the maintenance of male
reproductive functions and therefore determining levels of these
hormones are important in reproductive toxicity studies [50].
Testosterone is the principal sex hormone of the male individuals. It
controls the process of spermatogenesis by promoting the production
of spermatozoa from spermatogonia through inducing meiotic division
of primary spermatocytes into spermatids; and also the process of
maturation of spermatid into spermatozoa within the seminiferous
tubules [51,52]. Testosterone is released from the interstitial cells of
Leydig in the testes under the influence of LH secreted from anterior
pituitary. FSH secreted from the anterior pituitary regulates the

a

b

d

c

Fig. 3: Photomicrographs (400× magnification) showing the
epididymal sperm morphology in control and Brown HT treated
groups of rats. (a) Control, (b) treated-I (100 mg/kg BW/
day), (c) treated-II (200 mg/kg BW/day), and (d) treated-III
(400 mg/kg BW/day). Images were taken with digital SLR Olympus
camera (E-620) fitted with Olympus light microscope (CH20i)

a

b
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production of spermatozoa in Sertoli cells [31,53]. The hypothalamicpituitary-gonadal axis can be affected by many factors. Different
types of chemicals including drugs suppress the spermatogenesis
and decrease the fertility or even lead to infertility in both males and
females by disrupting the normal function of this axis [54]. To examine
the involvement of FSH, LH, and testosterone in Brown HT induced
suppression of spermatogenesis, the serum level of FSH, LH, and
testosterone in Brown HT exposed rats has been determined. We have
found significant reduction in serum levels of LH, FSH, and testosterone
in exposed groups of rats compared to control group of rats. This
result also supported by the results of Abbas and Al-Hamadawi,
2019 [55]. Our results suggest that Brown HT suppresses the process
of spermatogenesis and thus, fertility probably by inhibiting the
release of FSH and LH from the anterior pituitary and testosterone
from the testicular Leydig cells. To find out the effects of Brown HT
on sperm counts and acquisition of motility by the spermatozoa
during maturation, the sperm count and percentage of motile sperms
have been performed in Brown HT exposed groups of rats. We have
observed significant reduction in the total numbers of sperms and
numbers of motile epididymal sperms in exposed rats. This result
indicates that Brown HT probably impairs the acquisition of motility
by the spermatozoa during maturation process in the epididymis. The
impairment of the sperm maturation and significant reduction in the
number of mature spermatozoa in exposed groups of rats might be due
to Brown HT induced suppression of the secretion of FSH and LH from
anterior pituitary and testosterone from interstitial cells of Leydig. As
FSH and LH are released from gonadotroph cells of the anterior pituitary
under the tropic action of GnRH, the releasing hormone released from
hypothalamus there is a possibility of the suppression of the release
of GnRH under the inhibitory influence of Brown HT. In other words,
Brown HT impairs spermatogenesis and sperm maturation probably by
suppressing the hypothalamus-anterior pituitary-testicular axis.

From the previous report, it has been suggested that oxidative stress
is an important factor in the decrease of semen quality and male
infertility [56,57]. To find out the involvement of oxidative stress
in Brown HT induced suppression on male reproductive function,
different oxidative stress variables of testicular tissue have been
studied in Brown HT exposed rats. We have observed significant
decrease in the activities of SOD, CAT, GPx, GR, and GST in testicular
tissue homogenates of exposed groups of rats compared to control
group of rats. We have also found significant increase in the level of
MDA in testicular tissue homogenate of Brown HT exposed rats. Brown
HT probably induces the accumulation of reactive oxygen species
(ROS), namely, hydroxyl radical (HO•), Superoxide radical (O2•–), singlet
oxygen (1O2), hydroperoxyl (HO2•), and hydrogen peroxide (H2O2) in the
cells of testes by inhibiting the activities of various antioxidant enzymes
as observed in this study. The accumulated ROS, in turn, may induce
the damage of cellular macromolecules like proteins, lipids and DNA.
There is a possibility of the disruption of cell signaling mechanisms in
testicular cells mediated by male reproductive hormones. The damage
of the lipid macromolecules in the testicular cells has been revealed by

c

Fig. 4: The changes in the concentration of male reproductive hormones in 3 Brown HT treated groups of rats compared to the control group
of rats. (a) Serum level of Luteinizing Hormone; (b) serum level of Follicle Stimulating Hormone; and (c) serum level of Testosterone. Data
are expressed as mean±SEM. ap<0.05, bp<0.01, cp<0.001 versus control, (n=8)
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a

b

c

d

e

f

Fig. 5: Graphical representations showing the activities of antioxidant enzymes: (a) Superoxide dismutase, (b) Catalase, (c) glutathione
peroxidase, (d) glutathione reductase, (e) glutathione-s-transferase and serum level of, (f) malondialdehyde in testicular tissue homogenate
of control and Brown HT exposed rats. Data are expressed as mean±SEM. ap<0.05, bp<0.01, cp<0.001 versus control, (n=8)

a

d

b

c

Fig. 6: Photomicrographs (100× magnification) showing the
histological alterations (Stained with H and E) in testes in Brown
HT exposed and control groups of rats. (a) Control, (b) Treated-I
(100 mg/kg BW/day), (c) Treated-II (200 mg/kg BW/day) and
(d) Treated-III (400 mg/kg BW/day). Arrow heads indicate the
sloughing of germ cells from basement membrane. ST represents
seminiferous tubule, L represents lumen of seminiferous tubule.
Images were taken with digital SLR Olympus camera (E-620) fitted
with Olympus light microscope (CH20i)
the increase in the level of MDA, the marker (end product) of LPO, in
testicular tissue homogenate. From the results we could hypothesize
that Brown HT may induce the damage of testicular tissue probably by
inducing oxidative stress in testicular cells.

Damage of the testicular tissue due to Brown HT induced oxidative
stress might be one of the reasons for the suppression of the male
reproductive functions by the Brown HT. To examine the involvement
of Brown HT in testicular tissue damage, the histo-anatomical
structure of testes in Brown HT exposed rats have been studied
by histological techniques. We have found significant structural
changes in eosin-hematoxylin stained transverse sections of testis

as observed and subsequently photomicrographed under light
microscope. A significant sloughing of germinal epithelium from
the basement membrane and gross impairment in the orientation
of germ cells in seminiferous tubules has been observed in exposed
rats. We have also observed significant reduction in the number of
stratified germinal epithelial cells in the seminiferous tubules. This
result suggests that Brown HT might induce the changes in the
normal orientation of cells in the seminiferous tubules and decrease
the number of germinal epithelial cells probably by causing oxidative
stress induced damages.
Considering all the results in this study it may be suggested that
Brown HT suppresses the male reproductive functions in rat probably
by damaging testicular tissues through oxidative stress, reducing the
plasma level of FSH and LH, released from anterior pituitary, inhibiting
the process of sperm production by spermatogenesis, decreasing the
percentage of motile sperms and reducing the secretion of testosterone
from the interstitial cells of Leydig. The results obtained from the
studies in rat suggest that Brown HT may be considered as potential
human toxicant and it could suppress the function of male reproductive
system in human.
CONCLUSION

According to the results of our study, it can be concluded that Brown
HT suppresses the male reproductive function by producing oxidative
stress in testicular tissue and reducing the serum hormonal levels, that
is, LH, FSH, and testosterone or suppressing the hypothalamus-anterior
pituitary-testicular axis in rat (Fig 7).
ACKNOWLEDGMENT

We would like to express our special thanks and gratitude to the
Department of Physiology, University of Kalyani, Kalyani, West Bengal
and the Department of Science and Technology, Ministry of Science and
Technology, Government of India for their financial assistance to pursue
doctoral (PhD) program at the University of Kalyani.
AUTHORS’ CONTRIBUTION

AK, the main researcher involved in study design, experimental study,
data analyzing, and manuscript preparation. GP, the corresponding
80

Khatun et al.

Asian J Pharm Clin Res, Vol 15, Issue 5, 2022, 76-82

Fig. 7: Probable mechanism of action of Brown HT in the suppression of male reproductive function in rat
author involved in study design, manuscript preparation, and
correction. The other coauthors involved as a technical assistant.
CONFLICT OF INTEREST

We declare no potential conflicts of interests in this research studies.
AUTHORS FUNDING

This study was financially supported by Department of Science and
Technology, Ministry of Science and Technology, Government of India.
(No: DST/INSPIRE Fellowship/IF140872).
REFERENCES
1.
2.
3.
4.

Sharma A, Goyal RP, Chakravarty G, Sharma S. Haemotoxic effects of
chocolate brown, a commonly used blend of permitted food colour on
Swiss albino Mice. Asian J Exp Sci 2005;19:93-103.
PFAA. Prevention of Food Adulteration Act, Rule 55. Lucknow: Indian
Eastern Book Company; 1954.
Shubik P. Potential carcinogenicity of food additives and contaminants.
Cancer Res 1975;35:3475-80. PMID 172223.
Leo ML, Fidel T. Food Analysis by HPLC. 3rd ed. United States: CRC
Press; 2012. p. 513-26.

5.

Hong MN, Suh HJ, Lee OH, Chun HS, Lee C. Improved analytical
method of synthetic food colour additive Brown HT by highperformance liquid chromatography. J Int Sci Publ Agric Food
2016;2:68-75.
6. JECFA. Joint FAO/WHO Expert Committee on Food Additives.
Summary of Toxicological Data of Certain Food Additives. WHO Food
Additive. Rome, Italy: JECFA; 1977.
7. SCF. Reports of the Scientific Committee for Food. (14th series),
Opinion Expressed. United States: SCF; 1984. p. 55-6.
8. JECFA. Joint FAO/WHO Expert Committee on Food Additives.
Toxicological evaluation of certain food additives and contaminants.
WHO Food Additive. Rome, Italy: JECFA; 1984.
9. EFSA panel on food additives and nutrient sources (ANS). Scientific
opinion on the re-evaluation of brown HT (E 155) as a food additive.
EFSA J 2010;8:1536.
10. Shokrollahi A, Ahmadi S. Determination of trace amounts of brown
HT as a food dye by a CPE-scanometry method. J Taibah Univ Sci
2017;11:196-204. doi: 10.1016/j.jtusci.2016.04.008.
11. Bawazir AE. Effect of chocolate brown HT with olive oil on some
neurotransmitters in different brain regions, physiological and
histological structure of liver and kidney of male albino rats. J Evol
Biol Res 2012;4:13-23. doi: 10.5897/JEBR12.001.
12. US Food and Drug Administration. Summary of Color Additives Listed
for Use in the United States in Food, Drugs, Cosmetics and Medical
81

Khatun et al.

Devices. Washington, DC: US Food and Drug Administration; 1999.
13. Chambers PL, Hunter CG, Stevenson DE. Short-term study of chocolate
brown HT in rats. Food Cosmet Toxicol 1966;4:151-5. doi: 10.1016/
s0015-6264(66)80458-3, PMID 5912092.
14. Drake JJ, Butterworth KR, Guant IF, Hardy J. Long-term toxicity
studies of chocolate brown HT in mice. Toxicology 1978;10:17-27. doi:
10.1016/0300-483x(78)90051-3, PMID 675714.
15. Perez-Jimenez F, Cienfuegos A, Badimon L, Barja G. International
conference on the healthy effect of virgin olive oil. Eur J Clin Investig
2005;35:421-24. doi: 10.1111/j.1365-2362.2005.01516.x.
16. El-Tohamy MM. The mechanism by which oxidative stress and free
radical damage produces male infertility. Life Sci J 2012;9:674-88.
17. Mehedi N, Ainad-Tabe S, Mokrane N, Addou S, Zaoui C, Kheroua O,
et al. Reproductive toxicology of tartarzine (FD and C yellow No. 5)
in swiss albino mice. Am J Pharmacol Toxicol 2009;4:130-35. doi:
10.3844/ajptsp.2009.130.135.
18. Visweswarani B, Krisnamoorthy G. Oxidative stress by tartrazine in the
testis of Wister rats. IOSR JPBS. 2012;2:44-9.
19. Mondal M, Sarkar K, Nath PP, Khatun A, Pal S, Paul G. Monosodium
glutamate impairs the contraction of uterine visceral smooth muscle
ex vivo of rat through augmentation of acetylcholine and nitric oxide
signaling pathways. Reprod Biol 2018;18:83-93. doi: 10.1016/j.
repbio.2018.01.006, PMID 29402603.
20. Pal S, Sarkar K, Nath PP, Mondal M, Khatun A, Paul G.
Bisphenol S impairs blood functions and induces cardiovascular
risk in rats. Toxycol rep. Toxicol Rep 2017;4:560-65. doi: 10.1016/j.
toxrep.2017.10.006.
21. Khatun A, Mondal M, Pal S, Parvin S, Paul G. Impairment of uterine
wall structure by chocolate brown HT in rats. Sci Arch 2021;2:93-8.
22. Nath PP, Sarkar K, Mondal M, Paul G. Metanil yellow impairs the
estrous cycle physiology and ovarian folliculogenesis in female rats.
Environ Toxicol 2016;31:2057-67. doi: 10.1002/tox.22205, PMID
26494366.
23. Oyeyemi MO, Fayomi AP. Reproductive potential of male Wister rat
treated for short-term with graded concentration of Talinium triangulare
(water leaf) crude extract. Glob Vet 2011;7:188-91.
24. Brooks DE. Activity of androgenic control of glycolytic enzymes in
the epididymis and Epididymal spermatozoa of the rat. Biochem J
1976;156:527-37. doi: 10.1042/bj1560527, PMID 182156.
25. Seed J, Chapin RE, Clegg ED, Dostal LA, Foote RH, Hurtt ME, et al.
Methods for assessing sperm motility, morphology, and counts in the rat,
rabbit, and dog: A consensus report. ILSI risk science institute expert
working group on sperm evaluation. Reprod Toxicol 1996;10:237-44.
doi: 10.1016/0890-6238(96)00028-7, PMID 8738562.
26. Zaneveld LJ, Polakoski KL. Collection and physical examination of
the ejaculate. In: Hafez ES, editor. Techniques of Human Andrology.
Amsterdam: North Holand Biomedical Press; 1977. p. 147-56.
27. Linder RE, Strader LF, McElroy WK. Measurement of epididymal
sperm motility as a test variable in the rat. Bull Environ Contam Toxicol
1986;36:317-24. doi: 10.1007/BF01623514, PMID 3955240.
28. Cooke PS, Hess RA, Porcelli J, Meisami E. Increased sperm production
in adult rats after transient neonatal hypothyroidism. Endocrinology
1991;129:244-48. doi: 10.1210/endo-129-1-244, PMID 2055187.
29. WHO. Laboratory Manual for the Examination of Human Semen and
Sperm Servical Mucas Interaction. Cambridge: Cambridge University
Press; 1999.
30. Srikanth V, Malini T, Arunakaran J, Govindarajulu P, Balasubramanian K.
Effect of ethanol treatment on Epididymal secretory products and sperm
maturation in albino rats. J Pharmacol Exp Ther 1999;288:509-15.
PMID 9918552.
31. Wisniewski P, Romano RM, Kizys MM, Oliveira KC, Kasamatsu T,
Giannocco G, et al. Adult exposure to bisphenol A(BPA) in Wister
rats reduce sperm quality with disruption of the hypothalamicpituitary-testicular axis. Toxicology 2015;329:1-9. doi: 10.1016/j.
tox.2015.01.002, PMID 25575453.
32. Khatun A, Sarkar K, Nath PP, Mondal M, Pal S, Paul G. Chocolate
brown HT Impairs the function of the ovary by depressing
the
hypothalamic-hypophyseal-ovarian
servomechanism
in
albino rat. Int J Pharm Bio Sci 2017;8:344-50. doi: 10.22376/
ijpbs.2017.8.3.b344-350.
33. Rao F, Tian H, Li W, Hung H, Sun F. Potential role of punicalagin
against oxidative stress induced testicular damage. Asian J Androl
2016;18:627-32. doi: 10.4103/1008-682X.168792, PMID 26763544.
34. Mondal M, Sarkar K, Nath PP, Paul G. Monosodium glutamate
suppresses the female reproductive function by impairing the
functions of ovary and uterus in rat. Environ Toxicol 2018;33:198-208.
doi: 10.1002/tox.22508, PMID 29119727.

Asian J Pharm Clin Res, Vol 15, Issue 5, 2022, 76-82

35. Marklund S, Marklund G. Involvement of the superoxide anion radical
in the autoxidation of pyrogallol and a convenient assay for superoxide
dismutase. Eur J Biochem 1974;47:469-74. doi: 10.1111/j.14321033.1974.tb03714.x, PMID 4215654.
36. Sinha AK. Colorimetric assay of catalase. Anal Biochem
1972;47:389-94. doi: 10.1016/0003-2697(72)90132-7, PMID 4556490.
37. Staal GE, Visser J, Veeger C. Purification and properties of
glutathione reductase of human erythrocytes. Biochim Biophys Acta
1969;185:39-48. doi: 10.1016/0005-2744(69)90280-0, PMID 5796111.
38. Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WG. Selenium: Biochemical roles as a component of
glutathione peroxidases. Science 1973;179:588-90. doi: 10.1126/
science.179.4073.588, PMID 4686466.
39. Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferase:
The first enzyme step in mercapturic acid formation. J Biol Chem
1973;249:7130-9.
40. Devasagayam TP, Tarachand U. Decreased lipid peroxidation in
the rat kidney during gestation. Biochem Biophys Res Commun
1987;56:836-42.
41. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement
with folin phenol reagent. J Biol Chem 1951;193:265-75. doi: 10.1016/
S0021-9258(19)52451-6, PMID 14907713.
42. Bancroft JD, Gamble M. Theory and Practice of Histological
Techniques. 5th ed. Edinburgh, New York, London, Philadelphia:
Edinburgh Churchill Livingstone Pub; 2002. p. 172-5, 593-20.
43. Gomendio M, Martin-Coello J, Crespo C, Magaña C, Roldan ER.
Sperm competition enhances functional capacity of mammalian
spermatozoa. Proc Natl Acad Sci U S A 2006;103:15113-17. doi:
10.1073/pnas.0605795103, PMID 16990431.
44. Adebayo AO, Oke BO, Akinloye AK. Characterizing the gonadosomatic
index and its relationship with age in greater cane rat (Thryonomys
swinderianus, Temminck). J Vet Anat 2009;2:53-9. doi: 10.21608/
jva.2009.42311.
45. Cameron AW, Tilbrook AJ. The rate of production of spermatozoa by
rams and its consequences for flock fertility. Anim Sci 1990;10:131-41.
46. Okpe GC, Nwatu U, Anya K. Morphometric study of the testes of the
Nigerian local breed of chicken. Anim Res Int 2010;7:1163-68.
47. Ford WC. Comments on the release of the 5th edition of the WHO
Laboratory manual for the examination and processing of human
semen. Asian J Androl 2010;12:59-63. doi: 10.1038/aja.2008.57, PMID
20111082.
48. Menkveld R. Clinical significance of the low normal sperm morphology
value as proposed in the fifth edition of the WHO Laboratory manual
for the examination and processing of human semen. Asian J Androl
2010;12:47-58. doi: 10.1038/aja.2009.14, PMID 20111081.
49. Ong CN, Shen HM, Chia SE. Biomarkers for male reproductive
health hazards: Are they available? Toxicol Lett 2002;134:17-30. doi:
10.1016/s0378-4274(02)00159-5, PMID 12191857.
50. USEPA. Guidelines for Reproductive Toxicity Risk Assessment
EPA/630/R-96/009; 1996. Available from: http://www2.epa.gov/sites/
production/files/201411/documents/guidelines_repro_toxicity.pdf.
51. O’Donnell L, Meachem SJ, Stanton PG, McLachlan RI. Endocrine
Regulation of Spermatogenesis. Knobil and Neill’s Physiology of
Reproduction. 3rd, 1st ed. St Louis: Academic Press; 2006. p. 1017-69.
52. Robaire B, Hamzeh M. Androgen action in the epididymis. J Androl
2011;32:592-99. doi: 10.2164/jandrol.111.014266, PMID 21764895.
53. O’Shaughnessy PJ. Hormonal control of germ cell development and
spermatogenesis. Semin Cell Dev Biol 2014;29:55-65. doi: 10.1016/j.
semcdb.2014.02.010, PMID 24598767.
54. Lin JF, Lin YH, Liao PC, Lin YC, Tsai TF, Chou KY, et al. Induction
of testicular damage by daily methamphetamine administration in rats.
Chin J Physiol 2014;57:19-30. doi: 10.4077/CJP.2014.BAB155, PMID
24621335.
55. Abbas JR, Al-Hamadawi HA. Effect of chocolate brown HT E155 on
some hormones in male albino rats. Eurasian J Biosci 2019;13:485-9.
56. Fanaei H, Khayat S, Halvaei I, Ramezani V, Azizi Y, Kasaeian A, et al.
Effects of ascorbic acid on sperm motility, viability, acrosome reaction
and DNA integrity in teratozoospermic samples. Iran J Reprod Med
2014;12:103-10. PMID 24799867.
57. Giribabu N, Kumar KE, Rekha SS, Muniandy S, Salleh N.
Chlorophytum boriviliannum (Safed Musli) root extract prevents
impairment in characteristics and elevation of oxidative stress in
sperm of streptozotocin induced adult male diabetic Wister rats. BMC
Complement Altern Med 2014;14:291. doi: 10.1186/1472-6882-14291, PMID 25104050.
82

