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ABSTRACT

Copper nanoparticles (Cu-NPs) are widely used in various industrial and commercia applications and little is
known about their potential toxicity on reproductive system. In the present study, the effect of Cu-NPs on the
weight of some reproductive system organs and the sperm characteristics of male albino rats were examined. Rats
were administrated with 0.5 ml of 20 and 40 mg/kg/BW Cu-NPs intraperitonealy for 3, 6 and 9 days. The results
showed statistically significant decrease in the final body weight and increase in the relative sex organs (testis,
epididymis, semina vesicles and prostate gland) with both Cu-NPs treatments compared to control group. A
significant decrease was found in the percentage of sperm viability and increase in the percentage of sperm
abnormalities and sperm concentration were observed with both Cu-NPs concentrations compared to the control
with concentration and time effects.

Thus, the results of this study reveaed for the first time that intraperitoneal injection of Cu-NPs has a negative
influence on the effectiveness and activity of male reproductive system in albino rats.
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INTRODUCTION

Nanoparticles are coming into our daily life in
excessive quantity. The unique characteristics of
nanosubstances, such as size, large surface area,
ultrahigh reactivity, and shape effects allow them to
produce many specific effects regarding their bulky
states (1). Recently, a new form of Cu metal has
been engineered containing of nanoscale copper
particles (Cu-NPs), which are considered as type of
metal-containing nanomaterials (2). Cu-NPs are
used in lubricants, polymers plastics, textiles,
metallic coating, antimicrobial, home appliances,
wear resistance and inks, etc (3,4). Therefore, nano
copper are likely to distribute in the environment
and enter human body via different paths such as
effluent, disposal, and consumer products (3) and
cause toxicity via pulmonary, oral, nasal, skin or
other routes of exposure. Then, nanoparticles can
penetrate through cell membrane via blood-brain
barrier and blood-testis barrier (5,6) to reach and
impact al organs of the body (7). In In vitro study,
Cu-NPs and CuO-NPs were found to be able to
generate oxidative stress (8,9). In fish, Ostaszewska
et al.(10) found that 0.15 mg L™* of Cu-NPs caused
pathological changes in epidermis (irregular
structure and pyknotic nuclel), gills (lifting
epithelium, fusion of lamellae and epithelial
necrosis), and liver (dilation of sinusoid space,
pyknotic nuclei and overfilled blood vessels) of
Sherian sturgeon larvae after 21 days of exposure.
Additionally, Al-Bairuty et al.(11) found that 20 and
100 pgl™? of Cu-NPs caused pathologies in gills,
liver, kidney, gut, brain and muscle of rainbow trout
after 10 days of exposure. In in vivo study, ora
administration of Cu-NPs in mice caused injuriesin
the kidney, liver and spleen (3). However, there are
still scarce and controversially evident of effects of
Cu-NPs on spermatozoa parameters and other
reproductive indices such as organs weight and
pathologies. Little is known about the effects of
other types of nanoparticles on reproductive organs
and sperm characteristic in animals. For example
oral administration of 20 pg/kg/day silver
nanoparticles (AgNPs) caused disorganization of the
germina  epithelium with loss of some
spermatogenic  cells types (spermatocytes and
spermatids) and degeneration, necrosis as well as
atrophy of the seminiferous tubules after 90 days of
exposure (12). Kim et al. (13) found that ora
administration of AgNPs in male rats caused decline
in body weight, accumulation of NPs and
enlargement of testis as well as some hepatocyte
toxicity after 90 days of exposure. Ora
administration of AgNPs in mae ahbino mice
caused decrease in the weights of testis and tunica
albuginea, epididymis head and tail, and decline in
the percentage of sperm vitdity and sperm
concentrations as well as an increase in the
percentage of sperm abnormalities were observed in
both testis and epididymis after 5, 10, 15 days of
exposure (14). Ema et al. (15) had reviewed that
nanoparticles are able to penetrate into reproductive
tissue through biologica barriers and may damage
various cells such as reduce sperm numbers,
viability and change cell functions, as well as inhibit
the embryo development. However, there is a gap
information about the effect of intraperitoneal
injection of Cu-NPs on the male reproductive

system indices. Therefore, the aim of this study was
to investigate the effect of intraperitoneal injection
of different doses of Cu-NPs (20 and 40 mg/kg/BW)
on body weight, the weight of some organs of male
reproductive system, and sperm characteristic in
testes and epididymes (head, tail) of albino rats.

MATERIALS AND METHODS

Characterization of copper nanoparticles (Cu-
NPs)

The powder of Copper nanoparticles were
purchased from Xuzhou Hongwu Nanometer
material CO.,LTD. with 20-30 nm size and purity
99.99% (manufacture Hongwunanometer).

Animals and treatments

Male abino rats (197- 200 gms weight and 10-12
weeks old) were obtained from National Center for
Control and Pharmaceuticadl Research /Baghdad/
Irag and housed in animal house of biologica
department/ College of Education for Pure
Scienced Ibn Al-Haitham. Animals were fed with
standard commercial pelleted diet and tap water and
maintained under a 12:12 h light: dark cycle and
room temperature 22-24°C. Rats were kept in
polycarbonate cages with woodchip bedding and
acclimatized to the environment for 2 weeks prior to
experimental use. Animals were randomly divided
into 3 groups (n =54). The animals were assigned to
each experimental group, with 18 animals per group
and 6 per day.

Group 1 - Control group of animas were
intraperitoneal injected with 0.5 ml of distilled water
once a day for 3, 6, and 9 days (each day have 6
animals).

Group 2 -Experimenta group of animas were
intraperitoneal  injected with 05 ml of 20
mg/kg/BW Cu-NPs once a day for 3, 6, and 9 days
(each day have 6 animals).

Group 3 — Experimental group of animals were
intraperitoneal  injected with 05 ml of 40
mg/kg/BW Cu-NPs once a day for 3, 6, and 9 days
(each day have 6 animals).

Preparation of copper nanoparticles

The low (20mg/kg/BW) and high (40 mg/kg/BW)
concentrations of Cu-NPs suspensions were
prepared by weighting 0.8 and 1.6 g of Cu-NPs
powder and diluted with 100 ml of distilled water,
then stirred with magnetic stirrer overnight and next
dispersed by ultrasonic vibration for 30 min. Before
injection, the low and high concentrations of Cu-
NPs were vortexed in order to avoid the aggregation
of the particles.

Animal weighting, sample collection and
preparation

Before and after the end of 3, 6, and 9 days of the
exposure duration, six rats were weighted by using a
Mettler pc Balance in order to record Initia and
final body weights. Then, rats were anaesthetized
(using diethyl ether) and sacrificed for samples
collection from each groups.
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Organs samples

Testis, epididymis (head and tail), seminal vesicle
and prostate gland from each rats were collected and
weighed by using a sensitive balance. The
coefficient-relative organ weights were calculated as
organ wet weight, (gm)/body weight of animal
*100%).

Evaluation of sperm viability, morphology and
concentration

The spermatozoa were collected from the testis and
epididymis (head and tail) and examined forlive and
dead sperms, sperm cell concentration and sperm
abnormalities according to (16).

Statistical analysis

All data values were giving as mean + standard
error (S.E.). The resulting data of the current study
was analyzed using the SPSS software, version 21.
Data were tested for treatment, time, and treatment x
time interaction effects by using genera linear
model/multivariate followed by least sguares
difference post hoc test. When a statisticaly
significant effect was showed by this model, a one

way ANOVA was used to assess for simple effects.
The differences were considered significant at level
p<0.05.

RESULTS

Effect of Cu-NPson body weight and coefficient-
relative reproductive or gans weight

The results exhibited significantly decrease
(P < 0.05) in the average body weights of animals
after 3, 6 and 9 days of injected with 20 and 40
mg/kg Cu-NPs compared to the same animals
groups before injected (table 1). Some
concentration and time effects were observed in the
average body weight after treated with Cu-NPs in
this study where there were more significantly
decrease in the average body weight of animal
injected with 40 mg/kg Cu-NPs for 9 days
compared with 20 mg/kg Cu-NPs for 3 and 6 days
(table 1). The average body weight of control
animals showed a statistically significant increased
(p < 0.05) after injected with distill water for
different periods (6, 9) compared to the same
control animal beforeinjected (table 1).

Table (1): Initial and final body weight of rats before and after injected with 20 and 40 mg/kg/BW of Cu-NPsfor 3, 6 and
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TEEETE Time/day Initial body weight before treatment Final body weight after
(gm) treatment (gm)
Control 3days 200.67 £ 2.91 2065+ 3.34a
20 mg/kg Cu-NPs 202.67 + 3.99 195.83+4.02a
40 mg/kg Cu-NPs 197.00 + 3.36 180.00 + 3.80 *b
Control 6 days 200.66 + 1.81 214,00 £ 2.47 *a
20 mg/kg Cu-NPs 197.00 + 2.69 181.83+2.81*b
40 mg/kg Cu-NPs 204.66 + 3.44 167.66 + 4.36 *c
Control 9 days 199.83 + 2.66 222,00+ 1.94 *ae
20 mg/kg Cu-NPs 198.17 + 1.68 167.17 £ 1.85*be A
40 mg/kg Cu-NPs 197.66 + 0.66 146.17 £ 2.21*c e A

Data are mean + SEM (n = 6 ratg/treatment). * Sgnificantly different between initial body weights and final body weights
(ANOVA, P < 0.05).Values with different letters within column were significantly different (ANOVA, p < 0.05). @ Significantly
different between day 3 and 9 at the same treatment (ANOVA, p < 0.05). o Significantly different between day 6 and 9 at the
same treatment (ANOVA, p < 0.05) m Sgnificantly different between day 3 and 6 at the same treatment (ANOVA, p < 0.05)

The coefficient reproductive organs weights (Testis,
epididymis head, epididymis tail, semina vesicle
and prostate glands) were statistically significant
increased (p < 0.05) with both 20 and 40 mg/kg of
Cu-NPs at different time points compared to the
control groups (table 2). More increasing in the
coefficient reproductive organs weights were
observed over a long time of exposure. The

coefficient

weight of tunica abuginea was

statistically significant increased (p < 0.05) with
high concentration of Cu-NPs at day 9 compared to
the control group (table 2). A concentration effect
was observed in the coefficient weight of prostate
gland and a time effect detected in the coefficient
weights of tunica abuginea, epididymis tail and
prostate gland (table 2).
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Table (2): The coefficient —relative organsweight in albino ratsinjected with 20 and 40 mg/kg of Cu-NPsfor 3, 6 and 9

days
Time/
Parameters Days Control 20 mg/kg Cu-NPs 40 mg/kg Cu-NPs

3 0.024 + 0.002 a 0.024 + 0.001 a 0.024 + 0.000 a
Tunicaabuginea 6 0.025 + 0.001 a 0.025 + 0.000 a 0.027 £ 0.001 a
Testes 9 0.024 + 0.002 a 0.029 £ 0.002 ae A 0.035+0.001 b A
[%) 3 0.555 + 0.025 a 0.576 + 0.021 a 0.578 + 0.021 a
_% Testistissues 6 0.517 + 0.009 a 0.578 + 0.022 a 0.662 + 0.032 b
g 9 0.486 + 0.057 a 0.677+0.036 b 0.675+0.022b
% 3 0.109 + 0.005 a 0.113 + 0.005 a 0.106 + 0.005 a
=2 Head 6 0.098 + 0.004 a 0.114 + 0.006 b 0.127 £ 0.003 b
8 9 0.093 + 0.008 a 0.128 + 0.008 b 0.135+ 0.003 b
= Epididymes 3 0.078 + 0.002 a 0.086 + 0.005 ab 0.105+ 0.009 b
'f',li Tail 6 0.081 £+ 0.005 a 0.108 £ 0.003 bm 0.125 + 0.009 bm
§ 9 0.069 + 0.004 a 0.124 + 0.007 be 0.118 + 0.009 be

o
= 3 0.271+0.021 a 0.565+ 0.010 b 0.567 + 0.033 b
E Seminal vesicle gland 6 0.224 + 0.008 a 0.417+0.041b 0.626 £ 0.108 b
< 9 0.276 + 0.012 a 0.592 + 0.056 b 0.638+0.124 b
3 0.172 £ 0.020 a 0.337+£0.057 b 0.313+0.043b
Prostate gland 6 0.226 + 0.006 a 0.410+0.048 b 0.356+ 0.045b
9 0.142+0.010a 0.386 + 0.027 b A 0.263+0.030Cca

Data are mean + SEM (n = 6 rats/treatment). Values with different letters within row were significantly different (ANOVA, p <
0.05). e Sgnificantly different between day 3 and 9 at the same treatment (ANOVA, p < 0.05). a Sgnificantly different between
day 6 and 9 at the same treatment (ANOVA, p < 0.05) m Sgnificantly different between day 3 and 6 at the same treatment

(ANOVA, p < 0.05)

Effect of Cu-NPs on sperm parameters in testes
and epididymis

The effect of daily injected to 20 and 40 mg/kg Cu-
NPs for 3, 6 and 9 days on sperm cdlls life, sperm
concentration and sperm abnormalities in testis and
epididymes (head and tail) of abino rats were
shown in tables (3-5). The percentage of sperm life
in the testis and epididymes (head and tail) showed
significant decrease (p < 0.05) compared to control
groups of each treatment and time point with more
decreasing with high concentration of Cu-NPs and
longtime of exposure (table 3).

The sperm concentrations in the testis and
epididymes (head and tail) were exhibited
significant increased (p < 0.05) with both Cu-NPs
concentration compared to the control (table 4). A
concentration effects of Cu-NPs were observed in
the testis and epididymis tail with less increase with

40 mg/kg Cu-NPs when compared to 20 mg/kg Cu-
NPs at the same time point (table 4).The sperm
concentration in the testis and epididymis (head,
tail) showed a time effect (table 4). Table 5 reveals
significant increase (p < 0.05) in the percentage of
sperm abnormalities in the testis and epididymis
head and tail with both Cu-NPs concentrations over
longtime of exposure .The elevation of sperm
abnormalities in the testis and epididymis (head,
tail) showed concentration and time effects with
more increasing with high Cu concentration at day 9
when compared to low Cu concentration at day 3
and 6 (table 5).

The sperm abnormalities that observed with both
Cu-NPs concentration at day 3,6 and 9 involved
deformed head, detached head, coiled head, coiled
tail, curved tail and loss of head spine when
compared to normal sperm structure that consist of
head with spine, middle piece, and tail (figure 1).

Table (3): The percentage of spermsviability (spermslife) in ratsinjected with 20 and 40 mg/kg/BW of Cu-NPsfor 3, 6

and 9 days
Parameters Time/Days Control 20 mg/kg Cu-NPs 40 mg/kg Cu-NPs
@ 3 96.67+0.21a 66.17+0.47 b 64.33+0.88¢c
1S B 6 96.50+ 043 a 63.83+ 0.31 bm 61.67+0.33cm
g. - 9 97.33+0.33a 60.83 + 0.48 be 56.17 + 0.48 ce
5 2 3 97.83+0.31a 64.17+0.48b 60.33+ 0.66
‘é’, % g § 6 97.67+021a 61.33+0.33 bm 58.17+0.31cm
= S = 9 97.83+0.31a 59.17 + 0.31 be 53.67 + 0.49 ce
o 5 _ 3 98.17+031a 63.67+0.49b 59.17+047c¢c
E a 8 6 98.83+0.17a 60.17 + 0.47 bm 57.33+042cm
9 98.83+0.17a 58.50 + 0.43 be A 51.50+ 0.43ce A

Data are mean + SEM (n = 6 rats/treatment). Values with different letters within row were significantly different (ANOVA, p < 0.05). e
Sgnificantly different between day 3 and 9 at the same treatment (ANOVA, p < 0.05). A Sgnificantly different between day 6 and 9 at the same
treatment (ANOVA, p < 0.05) m Sgnificantly different between day 3 and 6 at the same treatment (ANOVA, p < 0.05)
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Table (4): The sperms concentration in ratsinjected with 20 and 40 mg/kg/BW of Cu-NPsfor 3, 6 and 9 days

Parameters Time/Days Control 20 mg/kg Cu-NPs 40 mg/kg Cu-NPs
- 3 51979.2 + 408.8 a 71666.7 £ 2000.4 b 68125.0 + 2060.3 b
S| % 6 54270.8+987.1a 54270.8 £ 1254.3 am 57500.0 £ 2212.7 am
*Eé; [ 9 51354.2 +298.3a 66562.5+576.2b A 54270.8 + 746.8 Cc A
o
'f‘_! 3 26541.7+150.2a 45958.3+3189b 42666.7 + 333.3¢c
‘§ " g 6 31208.3+ 1309.3a 32291.7 £ 1918.6 am 31958.3 + 3159.9 am
s g T 9 26708.3+135.7a 32041.7 £ 1109.5 be 29916.7 + 1394.4 be
o
g | 2 3 307500+ 129.1a 68291.7 + 8813 b 65833.3 £ 1247.8b
§ - i 6 36000.0 + 766.5 a 36125.0+ 1938.4 am 50375.0 + 1311.4 bm
9 34125.0+201.6a 40541.7 + 439.8 be 30416.7 + 1457.3 ce

Data are mean + SEM (n = 6 rats/treatment). Values with different letters within row were significantly different (ANOVA, p <
0.05). e Significantly different between day 3 and 9 at the same treatment (ANOVA, p < 0.05). o Significantly different between
day 6 and 9 at the same treatment (ANOVA, p < 0.05) m Sgnificantly different between day 3 and 6 at the same treatment

(ANOVA, p < 0.05).

Table (5): The percentage of sperms abnormalitiesin ratsinjected with 20 and 40 mg/kg/BW of Cu-NPsfor 3, 6 and 9

days
Parameters Time/Days Control 20 mg/kg Cu-NPs 40 mg/kg Cu-NPs
3 7.83+03la 46.83+0.60b 57.33+049c
0 % 6 8.17+040a 67.83+0.40 bm 76.33+0.67 cm
aEs [ 9 833+0.33a 88.33+0.33be A 9533+ 0.33ce A
B
7= 3 650%0.22a 42.17+060b 5450+ 042¢
22| o 3 6 6.83+0.3la 63.67 + 0.67 bm 73.17+0.79 cm
g5 g T 9 567+033a 6117 0.48be & 7083+ 047 co A
g8 8
§ g_ 3 550+022a 4050+ 0.43b 51.17+0.60c
w E 6 567+0.33a 61.17 + 0.48 bm 70.83+0.47 cm
9 583+0.17a 82.50+ 0.50 be A 87.17+031ce A

Data are mean + SEM (n = 6 rats/treatment). Values with different letters within row were significantly different (ANOVA, p <
0.05). e Significantly different between day 3 and 9 at the same treatment (ANOVA, p < 0.05). A Significantly different between
day 6 and 9 at the same treatment (ANOVA, p < 0.05) m Sgnificantly different between day 3 and 6 at the same treatment
(ANOVA, p<0.05)

Figure (1): (A) (cu) normal sperm shape and (B) types of sperm abnormalitiesin ratsintraperitoneal injection with 20
and 40 mg/kg Cu-NPsfor 9 days. Normal sperm (n) consist of head with spine, middle piece, and tail. The sperm
abnormalitiesinvolved deformed head (df); detached head (dt); loss of head spine (Is); coiled head (ch); coiled tail (co)
and curved tail (cu).
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DISCUSSION
Body and reproductive organs weights

Decline in the average body weight reported in this
study are consistent with Zhang et al. (17), who
found that the intraperitoneal injection of gold
nanoparticles after 14 days in mice induced a
decline in the body weight. The authors suggested
that this way of exposure may cause some toxicity.
Decreasing the average body weight observed in
this study may attributed to the disturbance in
different metabolic activity that resulted from
intraperitoneal  injection.  Other  types of
nanoparticles (25 mg/kg TiO, NP) aso caused
decrease in the rat body weight when intraperitoneal
injection (18). Another ways of exposure to
nanoparticles aso caused decrease in the body
weight (13, 17). For example, Kim et al. (13)
found that oral exposure to 30, 125, and 500 mg/kg
of Ag-NPs for 13 weeks in male rats produced a
significant decrease (P < 0.05) in the bodyweight
after 4 weeks of exposure. A study by Zhang et al.
(17) found that oral administration of 1100 ug/kg
gold nanoparticles over 28 days caused a decrease
in the body weight and the authors suggested that
oral exposure to NPs could produce some effects on
the digestive system. The body weight of male
albino rats fed 1% and 2% TiO2 NP showed decline
after 65 days of exposure (19).

The results of this work revealed that intraperitoneal
injection of 20 and 40 mg/kg Cu-NPs resulted in
significant increase in testis, epididymis head and
tail, seminal vesicle and prostate glands relative
weights compared to control group at all-time point
(3, 6 and 9 days). The elevation of relative sex
organs weights observed in this study may be
related to histopathological changes in sex organs
(20) or to the level of serum testosterone that play a
major role in the maintenance of structural integrity
and functional efficacy of the sex accessary glands
(21). Kong et al. (20) illustrated that administration
of different doses Ni NPs caused increase in the
ratio of epididymis weight over body weight and
testes pathologies. A study by Bakare et al. (22)
also found that intraperitoneal administration of 0.5
ml TiO, NPs in mice caused pathological changes
in the testicular tissue such as congestion of the
inter-stitiumoedema, vacuolation and necrosis.
Garcia et. al. (23) found that intravenously injected
of 1 mg/kg Ag NPsin mice caused elevation serum
and intratesticular testosterone concentration after
15 days of injection.

Sperm parameters

The present study reveded that intraperitoneal
injection of 20 and 40 mg/kg Cu-NPs at different
time points caused a decrease in the percentage of
sperm life in the testis and epididymes (head and
tail) with concentration and time effect. This
reduction is occur due to the effects of hanoparticles
on the germ cells, which lead to disturbance of
spermatogenic process. Gromadzka-Ostrowska et
al. (24) exhibited that nanoparticles have the ability
to penetrate the blood-testis barrier and cause toxic
effects on male germ cells and reduced sperm
quality. A study by Xu et al. (25) illustrated

mitochondrial damaging and decline the levels of
ATP resulting oxidative stress in the testis, DNA
damaging and decrease in the quantity and quality
of epididymal sperm in mice injected with 20 mg/kg
of silicananoparticles for 15 and 35 days.

An incresse in the percentage of sperm
abnormalities and sperm concentration that
observed in the current study may be caused due to
the effect of Cu-NPs on the sertoli cells function or
oxidative stress. The results of this study is in
consistence with the suggestion of Kruszewski et
al. (26) who reported that Ag-NPs could react with
celluar DNA and stimulated inflammation,
oxidative damage and cellular dysfunction that
created genetic mutation and sperm cels with
abnormal morphology. In testes, the sperm cells are
amost immature, and they are getting mature
through passing the epididymides tail (27). Talebi et
al. (28) found that oral administration of 50 and 300
mg/kg zing nanoparticles for 35 consecutive days
caused the presence of vacuoles in the cytoplasm of
sertoli cells and affect the function of these cells
which led to increase the percentage of sperm
abnormalities. Exposure to silver nanoparticles can
cause the inflammation and oxidative damage as
well as increase the rates of sperm abnormalities
and genetic mutations (29). Smith et al. (30) found
that at 4-8 days post-injection of anatase titanium
dioxide nanoparticles in mice induce structural and
functional sperm deficiency associated with
infertility, and DNA damage via oxidative stress.
The oral administration with 200 mg/kg of Ag NPs
in mice for 5, 10, and 15 days caused decrease in
the percentage of sperm viability and sperm
concentration as well as an increase in the
percentage of sperm abnormalities that observed in
the testis and epididymis (14). In rats, the ord
exposure to 100 mg/kg of TiO, NPs for 8 weeks
also caused decline in the percentage of sperm
motility, viability and sperm concentration as well
as an increase in the percentage of sperm
abnormalities (31).

Generally, the intraperitoneal injection of Cu-NPs
could affect immature sperm cells in the testes and
mature one that stocked in the epididymis. The
reduction in the number of sperm viability, and the
elevation of sperm concentration and abnormalities
in the testis and epididymis in this study, depending
on concentration and time of exposure. However,
Gromadzka-Ostrowskaa et al. (24) found that a
dose-dependent (5 and 10 mg/kg body mass) and
time-dependent (24 hrs, 7 and 28 days) decline the
sperm count in the rat epididymis, and elevation in
number of dead sperms after intravenousy
administrated with Ag-NPs.

CONCLUSION

The present obtained results demonstrated that
copper nanoparticles can be considered as a
reproductive toxicant by diminish the number of
sperm parameter indices in addition to decline the
body weight, which led to a negative effects on the
activity of male reproductive system. The effects of
nanocopper on  reproductive indices are
concentration and time-dependent. Further research
is needed to clarify exposure by measuring the
hormone levels and pathological changes.
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RECOMMENDATION

The researchers recommend to study the effect of
Cu-NPs on female reproductive system and
embryonic development in addition to investigate
the effect of these materials on immuno-histo
system.
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