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This study was designed to assess the effect of LS nanoparticles on glucose homeostasis and its role in 
alleviating the impact of streptozotocin (STZ)-induced diabetes on the testes and sperm production. Four 
groups (n=10 each) of male albino rats were utilized; the control group, the LS-treated, STZ-induced DM 
and LS-treated DM groups. Serum glucose, insulin, and testosterone levels were measured and sperm 
parameters were assessed. Testes were histopathologically examined. LS-treated administration to 
diabetic rats induced a significant reduction (p˂0.001) in blood glucose level and a significant increase 
(p˂0.001) in serum insulin and testosterone. A significant positive correlation (p˂0.001) existed between 
serum testosterone and HOMAβ-cells, insulin, sperm count and sperm. LS-treated diabetic group 
showed a significant increase in sperm count and motility and a significant reduction (p˂0.001) in the 
percentage of the abnormal sperm. Testes of LS-treated diabetic group showed marked improvement of 
diabetes-induced histopathological changes. 
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INTRODUCTION 

Diabetes mellitus (DM), characterized by 
abnormal glucose homeostasis, is one of the most 
common chronic disorders that affecting up to 5–
10 percent of the adult population of the Western 
world. It is expected to steadily increase in the 
next decades, mostly fueled by bad feeding 
habits, stress, and sedentary life (WHO, 2019, 
Pereira et al. 2020). According to the international 
diabetes federation (IDF), approximately 463 
million adults (20-79 years) were living with 
diabetes; by 2045 this will rise to 700 million (IDF, 
2020b). Prevalence of diabetes in Saudi adults is 
high (18.3%) (IDF, 2020a).  

 

Diabetes was reported to adversely affect the 
male sexual function, weight of the reproductive 
organs and sperms production with an associated 
decline in testosterone hormone level (Minaz et al. 
2019). The negative impact on the reproductive 
parameters was observed to be marked in Type 1 
DM than in Type 2 DM (Sampannang et al. 2020). 

The current available treatment of DM such as 
insulin and sulphonylureas might result in serious 
side effects hypoglycemic shock with increased 
fatality (Frier, 2014). Therefore, traditional 
medicine, including foods and herbs, represents a 
main source of primary health care in many 
countries (Kasole et al. 2019). According to the 
World Health Organization (WHO), more than 800 
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plants are used to cure multiple diseases, 
including DM (Patil et al. 2011). Herbal extracts of 
several plants have been used as alternative 
medicine to protect against the early stages of DM 
as well as many of its complications (Heshmati & 
Namazi, 2015).  

Reducing the particle size of active 
pharmaceutical ingredients is considered of great 
importance to improve the dissolution rate in 
gastrointestinal fluids as well as solubility and the 
extent of absorption. Realgar nanoparticles and 
several methods have been suggested for this 
purpose during the past few years. Recent studies 
focused on the use of nanotechnology in the 
manufacturing of therapies and treatment of 
various diseases, including DM (Shi et al. 2015, 
Ho et al. 2012). New approaches utilized 
nanoparticles are currently running for treating 
DM; the epidemic disease of the 21st century 
(Souto et al. 2019). 

Lepidium sativum Linn (LS), belongs to the 
family Brassicaceae, is an edible herb grown in 
many countries e.g. India, Europe and Arabian 
countries. In Saudi Arabia, the plant grows in 
Hejaz, Najd, Eastern and Southern regions. The 
seeds used in Saudi folk medicine for multiple 
uses, essentially for fracture healing and 
postpartum (bin Abdullah Juma, 2007). The 
hypoglycemic effect of LS was previously reported 
in many studies (Mishra et al. 2017, Eddouks et 
al. 2005, Qusti et al. 2016). But few, if any, studies 
have investigated the hypoglycemic effect of LS 
nanoparticles and its impact on the reproduction 
function and structure. Therefore, this study aimed 
to assess the effect of LS nanoparticles on 
glucose homeostasis and its role in alleviating the 
impact of streptozotocin (STZ)-induced diabetes 
on the testes and sperm production. 
  
MATERIALS AND METHODS 
The study was performed at King Fahd Medical 
Research Center, Medical Biophysical Laboratory 
at King Abdulaziz University. The study was 
ethically approved from the biomedical research 
ethics committee at the Faculty of Medicine, King 
Abdulaziz University. 
 
Preparation and characterization of 
nanoparticles of LS 
Seeds of LS were purchased from the local 
markets in X. The seeds were verified by a 
specialist from the College of Pharmacy, X 
University. The aqueous extract of LS was 
prepared as was previously described (Eddouks 
et al. 2005).  

Ball milling method has been used in order to 
prepare the LS seeds nanoparticle extract. The 
orally administered extract was measured and 
formulated as milligrams of nanoparticles of LS 
seeds per kg body weight (20 mg/kg of body 
weight) in 0.5ml of distilled water (Sharma and 
Agarwal, 2011). 

Characterization of LS 
The characterization of morphology and 
nanoparticle size of the ground LS sample was 
performed using a field emission gun-scanning 
electron microscopy (FEG-SEM) model QUANTA, 
250 FEG (Field Electron and Ion Company, 
Japan). Energy-dispersive X-ray spectroscopy 
(EDX) that is conjugated with SEM was used to 
perform the analysis of the chemical elemental 
composition of the nanoparticle size of LS sample. 
The raw data was statistically analyzed using 
ORIGIN 8.0951 software (Origin Lab Corporation, 
Northampton, MA, USA). 

Gas chromatography- mass spectrometry (GC-
MS): 
Active constituents of LS were identified using gas 
chromatography (Karson et al.) followed by mass 
spectrometry (MS). 

Animals and experimental design: 
Twenty four male albino rats, weighting between 
200-250 grams were obtained from the animal 
house at X center. They were randomly assigned 
into four groups (n=6) after being acclimatized to 
the laboratory conditions for one week before the 
experiment started. The control group received 
normal saline through nasogastric tube. The LS-
treated group received the nanoparticles of LS 
seeds (20 mg/kg of body weight) through the 
nasogastric tube for 42 days.  
Streptozotocin (STZ) obtained from Sigma Aldrich 
Chemical Company, (CO., St. Louis, MO, USA) 
was used to induce DM in rats of the other two 
groups after being freshly prepared then injected 
once intraperitoneal at a dose of 60 mg/kg 
buffered in cold sodium citrate (PH 4.5) according 
to (Ilkhanizadeh et al. 2016). After two days of 
injection, a blood sample from the rat tail vein was 
obtain to assess the blood glucose level (BGL) in 
order to confirm the occurrence of DM. Rats with 
BGL greater than 300 mg/dl are considered 
diabetic and further divided into 2 groups; the 
positive control group (untreated DM) which 
received normal saline by nasogastric tube daily 
for 42 days and  the treated group (LS-treated 
DM) which received the extract of the 
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nanoparticles of LS seeds (20 mg/kg) through the 
nasogastric tube daily for 30 days.  
During the experiment, rats were individually and 
weekly weighted by using a sensitive balance. 
The whole body weights were recorded to the 
nearest 1 mg to determine weekly changes. 

Biochemical assessment: 
Blood samples were obtained from retro-orbital 
vein and centrifuged to separate the serum. 
Serum samples were directly froze at -80°C until 
the time of analysis. Estimation of blood glucose 
was carried out using enzymatic glucose kits 
(Sigma Aldrich Chemical Company, St. Louis, 
MO, USA). Estimation of serum insulin and 
testosterone level was assessed using ELISA 
(enzyme-linked immunosorbent assay) kit (Sigma 
Aldrich Chemical Company, St. Louis, MO, USA). 
The HOMA-IR and HOMA β-cells were calculated 
as was previously described (Matthews et al. 
1985) based on these formulas; HOMA-IR 
= fasting serum glucose (mg/dL) × fasting serum 
insulin (μU/mL)/405.  
HOMA-β cell function = 20 x fasting serum insulin 
(μU/mL)/ fasting serum glucose (mg/dL)-3.5.  

Histopathological investigations: 
Rats were anaesthetized, at the end of the 

experiment, with ether then decapitated. Testicles 
were dissected out. The testes of each rat were 
weighed and the coefficient of testes was 
calculated according to the equation; Coefficient 
of testes = testicular weights (g) × 100%/BW (g).  

Cauda epididymis was dissected out for study 
of the sperm viability, mobility and count. The 
testes and epididymis were then fixed in a fixative 
and  processed for obtaining of paraffin blocks to 
be cut in 4 µm sections and stained by 
hematoxylin and eosin stain (Suvarna et al. 2013). 

Study of the count, motility and viability of 
sperm:  

Absolute number of sperm was dictated by 
utilizing a neubauer hemocytometer. Cauda 
epididymis was dismembered out, weighted, 
promptly crushed in 5 ml of physiological saline, 
and after that hatched at 37C to permit sperms to 
leave the epididymal tubules. The rate of motile 
sperm was recorded from left caudal epididymis 
utilizing a stage contrast magnifying instrument at 
400 x amplification as reported by (Ciftci et al. 
2012). “The aggregate number of sperm per gram 
of caudal” (of the right side) was then computed 
as was previously described (Ngoula et al. 2007).  

Sperm essentialness was broke down in the 
wake of recoloring with eosin Y-nigrosin. One 
hundred spermatozoa were assessed utilizing 
stage contrast microscopy at 400× amplification 
and were named either dead (on the off chance 
that they were orange-red in shading, 
demonstrating that the stain had gone through the 
layer) or alive (in the event that they were not 
recolored). The outcomes were communicated as 
the rate of live sperm. This recoloring method 
makes it conceivable to separate spermatozoa 
that are immotile however alive from those that 
are dead. A diminishment in the rate of motile 
spermatozoa connected with a high rate of 
practical spermatozoa may reflect basic or 
metabolic anomalies that are gotten from 
irregularities in testicular capacity or antimotility 
elements in the seminal plasma (Raji et al. 2009). 
To decide the rate of morphological unusual 
spermatozoa, the slides recolored with eosin-
nigrosin were readied. A sum of 300 sperm cells 
were analyzed on every slide (2100 cells in every 
gathering), and head, tail and aggregate anomaly 
rates of spermatozoa were communicated as rate 
(Ciftci et al. 2012). 

Statistical assessment: 
Statistical Package of Social Sciences (SPSS) 

software version 21 (SPSS Inc., Chicago, IL) was 
used to analyze the raw data. Data was 
expressed as mean +/- standard deviation (SD). 
One Way ANOVA test was used to compare the 
studied group followed by Bonforoni post hoc test. 
P< 0.05 was considered as statistically significant. 
 
RESULTS  

Characterization of LS seeds: 
The effect of ultrasonic and ball-milling 

treatment on mean particle size and morphology 
of LS seeds was assessed. It was observed that 
most of particles of the ground LS had nearly 
spherical shape with non-uniform sizes (Figure 
1a).  

The distribution of particle sizes of the ground 
LS, as appear in the SEM image, was analyzed 
statistically. The mean particle size with its 
standard error of the mean (SE) of the ground LS 

was estimated and found to be 1.68 ± 0.13 m. 
The distribution histogram of the ground LS 
sample displayed nonhomogeneous distribution 
(Figure 1b). 

The EDX was used to evaluate the chemical 
composition of the LS. Several elements were 
present in LS including but not limited to C, N, O, 
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P, S, K. The majority of the elements present 
were the carbon and oxygen (Figure 1c). 

The active compounds of LS: 
The active compounds of LS were identified using 
GC-MS. It was found that the main active 
compounds were α-Linolenic acid (20.27%), Oleic 
acid (10.20%), Hexadecanoic acid (4.30%) as well 
as many other compounds Table (1). 
 
Changes in the body and testes weight: 
There was no statistical significant in initial body 
weight of the rats between all studied groups at 
the start of experiment. When it came to the body 
weight at the end of the experiment, there was 
significant reduction (p˂0.001) in the DM group 
compared to the control group while the LS-
treated DM group showed a significant increase 

(p˂0.001) compared to the DM group although the 
rats body weight still significantly lower than 
(p˂0.001) the control group (Table 2). It was 
noticed that there was a significant weight loss 
(p˂0.001) in DM and LS-treated DM group 
compared to the control group, although LS-
treated DM group showed a significant weight 
gain (p˂0.001) (Table 2). 
Food intake significantly increased (p=0.01) in LS-
treated group while it significantly decreased 
(p˂0.001) in DM group compared to the control. 
LS-treated DM group showed a significant 
increase (p˂0.001) in weight gain compared to the 
DM group although the rats body weight still 
significantly lower than (p˂0.001) the control 
group (Table 2). 

Table 1: The active compounds of LS were identified using GC-MS. 
 

no. Name 
Retention time 

 (minutes) 
Relative 

 % 

1 α-Linolenic acid, trimethylsilyl ester 34.25 20.27 

2 Oleic acid, trimethylsilyl ester 34.34 10.20 

3 Hexadecanoic acid, trimethylsilyl ester 31.34 4.30 

4 Trimethylsilyl ether of glycerol 13.35 2.72 

5 Benzene, (isothiocyanatomethyl)- 13.89 1.35 

6 Silanol, trimethyl-, phosphate (3:1) 13.28 1.25 

7 11-Eicosenoic acid, trimethylsilyl ester 38.82 1.16 

8 Octadecanoic acid, trimethylsilyl ester 34.84 0.92 

9 
2,2-Dimethyl-5-[2-(2-trimethylsilylethoxymethoxy)-propyl]-

[1,3]dioxolane-4-carboxaldehyde 
16.85 0.69 

10 Benzeneacetic acid, α-[[(trimethylsilyl)oxy]methyl]-, methyl ester 17.13 0.47 

12 
Cinnamic acid, 3,5-dimethoxy-4-(trimethylsiloxy)-, trimethylsilyl 

ester 
34.58 0.40 

13 Eicosanoic acid, trimethylsilyl ester 39.74 0.36 

15 
Acetic acid, (dodecahydro-7-hydroxy-1,4b,8,8-tetramethyl-10-
oxo-2(1H)-phenanthrenylidene)-,2-(dimethylamino)ethyl ester 

40.60 0.31 

16 β-Sitosterol 51.17 0.26 

17 Silane, trimethyl(phenylmethoxy)- 11.12 0.23 

18 Benzoic acid trimethylsilyl ester 12.54 0.12 

19 Benzoic acid, 2-(dimethylamino)ethyl ester 15.48 0.10 

20 Phloroglucinol, trimethylsilyl ether 11.95 0.08 

21 Phenylethanolamine triTMS 12.68 0.08 

22 Acetamide, 2,2,2-trifluoro-N-(phenylmethyl)- 12.02 0.07 

23 3',5'-Dimethoxyacetophenone 16.46 0.07 

24 DL-Malic acid, O-trimethylsilyl-, bis(trimethylsilyl) ester 16.07 0.05 
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Figure (1) A: SEM image of LS sample ground by the ball milling. B: Histogram distributions of 
particle sizes of LS. C: Chemical elements in LS assessed by EDX was used to evaluate the 
chemical composition of the LS.  
 

The weight of the testes significantly 
decreased (p˂0.001) in DM when compared with 
the control rats, while that of LS-treated DM group 
was significantly high (p˂0.001) when compared 
with DM group. Testes Coefficient was 
significantly high (p˂0.001) in DM and LS-treated 
DM groups when compared with the control rats 
(Table 2). 

Changes in glucose homeostasis and insulin 
level: 

It was noticed that serum BGL levels, at the 
end of the experiment, significantly increase 

(p˂0.001) in DM group when compared to the 
control group. It significantly decreased (p˂0.001) 
in LS-treated DM compared to DM group although 
it was still significantly higher (p˂0.001) compared 
to the control. Serum insulin level was significantly 
lower in DM group, compared to the control group. 
On the other hand, it was significantly higher in 
LS-treated DM group compared to the DM group 
although it still significantly lower compared to the 
control group (Table 3). 
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Table 2: Effect of the extract of LS nanoparticles on body and testis weights in the studied groups 

 
LS-treated DM DM LS-treated Control Variables 

218.02±12.30 
p=0.98 
p1=0.98 

220.55±1.07 
p=0.98 

220.83±3.07 
p=0.98 

220.22±6.37 Initial body weight (g) 

128.83±4.31 
p ˂0.001 
p1˂0.001 

72.17±6.52 
p˂0.001 

281.83±6.62 
p=0.98 

279.35±7.80 Final body weight (g) 

-89.18±12.69 
p˂0.001 
p1˂0.001 

-148.3 
p˂0.001 

61.00±8.23 
p=0.98 

59.13±2.84 Weight gain (g) 

19.14±1.09 
p˂0.001 
p1˂0.001 

14.81±0.82 
p˂0.001 

29.20±0.81 
p=0.01 

26.98±1.19 Food intake 

2.90±.04 
p˂0.001 
p1˂0.001 

2.48±0.04 
p˂0.001 

3.710.04 
p=0.04 

3.61±0.10 Testes weight 

2.25±0.08 
p˂0.001 
p1˂0.001 

3.46±0.30 
p˂0.001 

1.32±0.03 
p=0.98 

 
1.29±0.03 Testes Coefficient 

Data are presented in the form of mean±SD. Comparison of the studied group was performed using One Way 
ANOVA test followed by  least significant test (LSD) post hoc test. P< 0.05 was considered statistically significant. (p 

value versus the control, p1 value versus the DM). 

 
Table 3: Effect of the extract of LS nanoparticles on blood glucose level (BGL), serum insulin, 
testosterone, HOMA-IR, HOMAβ-cells and sperm parameters. 
 

LS-treated DM DM LS-treated Control Variables 

215.85±5.05 

p˂0.001 
p1˂0.001 

315.15±8.53 

p˂0.001 
78.05±4.15 

p=0.99 
80.08±4.22 

BGL 
(ml/dl) 

7.43±0.53 

p˂0.001 
p1˂0.001 

1.13±0.14 

p˂0.001 
11.49±1.08 

p=0.99 
11.35±0.79 

Serum insulin 
(μIU/l) 

3.96±0.21 

p˂0.001 
p1˂0.001 

0.88±0.13 

p˂0.001 
2.22±0.22 

p=0.99 
2.25±0.22 HOMA-IR 

-2.81±60.0 

p˂0.001 
p1˂0.001 

-3.43±0.01 

p˂0.001 
-0.55±0.67 

p=0.99 

 

-0.66±0.21 
HOMAβ-cells 

1.67±0.09 

p˂0.001 
p1=0.002 

0.87±0.6 

p˂0.001 
3.85±0.57 

p=0.88 
4.13±0.24 Serum testosterone 

37.00±3.03 

p˂0.001 
p1=0.04 

23.83±2.79 

p˂0.001 
98.33±14.21 

p=0.001 
78.83±2.32 Sperm count/mm 

52.88±2.86 

p˂0.001 
p1˂0.001 

16.08±3.40 

p ˂0.001 
85.31±3.18 

P=0.01 
78.10±3.80 Motility  %  

24.58±2.20 

p˂0.001 
p1˂0.001 

70.47±3.63 

p˂0.001 
9.15±1.33 

p=0.03 
13.58±1.64 Abnormal Sperm  %  

Data are presented in the form of mean±SD. Comparison of the studied group was performed using One Way ANOVA test followed 
by  Bonforoni post hoc test. P< 0.05 was considered statistically significant. (p value versus the control, p1 value versus the DM)
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It was noticed that LS administration to the 
normal rats did not change the HOMA-IR, while, it 
significantly decreased (p˂0.001) in DM group in 
comparison to the control rats. However, HOMA-
IR significantly increased (p˂0.001) in LS-treated 
DM compared to DM group and even significantly 
higher (p˂0.001) than that of the control. 
Regarding HOMAβ-cells, it showed no significant 
change in LS-treated group, while, it significantly 
decreased (p˂0.001) in DM group when 
compared with the control rats. On the other hand, 
HOMAβ-cells significantly elevated (p˂0.001) in 
LS-treated DM compared with DM rats (Table 3). 

Changes in testosterone level: 
Although the serum testosterone level showed 

no significant change in LS-treated group, both 
sperm count and motility significantly increased 
(p=0.001, p=0.01, respectively) while the 
percentage of the abnormal sperm significantly 
decrease (p=0.03) in this group compared to the 
control. The DM group showed a significant 
decrease (p˂0.001) in serum testosterone, sperm 
count and motility as well as a significant increase 
in the percentage of the abnormal sperm 
compared to the control. Treatment of DM with LS 
resulted in a marked elevation in serum 
testosterone, sperm count and motility as well as 
a significant decrease in the percentage of the 

abnormal sperm compared to the DM group Table 
(3). 

It was observed that there was highly 
significant positive correlation between serum 
testosterone and HOMAβ-cells (r=0.96, p˂0.001), 
insulin (r=0.90, p˂0.001), sperm count (r=0.91, 
p˂0.001) and sperm motility (r=0.92, p˂0.001). On 
the other hand, there was highly significant 
negative correlation between serum testosterone 
level and BGL (r=-0.97, p˂0.001), abnormal 
sperm percentage (r=-0.83, p˂0.001) Table (4). 

Changes in sperm characteristics: 
There was a significant increase in sperm 

count and motility in LS-treated group (p=0.001 
and p=0.01), while the percentage of the 
abnormal sperm significantly reduced (p=0.03) 
compared to the control rats, respectively Table 
(4). 

STZ administration resulted in a significant 
decrease in sperm count and motility (p˂0.001), 
while the percentage of the abnormal sperm 
significantly increased (p=0.03) compared to the 
control group. On the other hand, LS-treated DM 
group showed a significant increase in sperm 
count and motility (p=0.04, p˂0.001, respectively), 
and a significant reduction (p˂0.001) in the 
percentage of the abnormal sperm compared to 
the DM group Table (4). 

Table (4): Correlation between the serum level of testosterone and other study variables 
 

  Glucose Testosterone 
HOMAB- 

cells 
Insulin 

Sperm 
 count 

Sperm 
 motility 

Abnormal 
 Sperm 

 percentage 

Glucose 
Pearson 

Correlation 
1 -0.965 -0.975 -0.967 -0.929 -0.978 0.924 

Sig. (2-tailed)  p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001 

Testosterone 
Pearson 

Correlation 
-0.965 1 0.964 0.896 0.913 0.918 -0.832 

Sig. (2-tailed) p˂0.001  p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001 

HOMAB- 
cells 

Pearson 
Correlation 

-0.975 0.964 1 0.923 0.951 0.933 -0.837 

Sig. (2-tailed) p˂0.001 p˂0.001  p˂0.001 p˂0.001 p˂0.001 p˂0.001 

Insulin 
Pearson 

Correlation 
-0.967 0.896 0.923 1 0.879 0.978 -0.970 

Sig. (2-tailed) p˂0.001 p˂0.001 p˂0.001  p˂0.001 p˂0.001 p˂0.001 

Sperm 
 count 

Pearson 
Correlation 

-0.929 0.913 0.951 0.879 1 0.898 -0.814 

Sig. (2-tailed) p˂0.001 p˂0.001 p˂0.001 p˂0.001  p˂0.001 p˂0.001 

Sperm  
motility 

Pearson 
Correlation 

-0.978 0.918 0.933 0.978 0.898 1 -0.964 

Sig. (2-tailed) p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001  p˂0.001 

Abnormal  
sperm  

percentage 

Pearson 
Correlation 

0.924 -0.832 -0.837 -0.970 -0.814 -0.964 1 

Sig. (2-tailed) p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001 p˂0.001  

 
Correlation between the studied variables was done using Person correlation. P< 0.05 was considered 
statistically significant
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Histopathological changes of the testes: 
The histopathological changes induced in 

testis due to DM were studied in H&E-stained 
sections. It was observed that testis of the control 
and LS-treated rats appeared normal with intact, 
regular seminiferous tubules (STs), organized 
germinal epithelium and intact intervening 
interstitial connective tissue (Victoria et al.) 
(Figure 2). 

On the other hand, testis of the DM rats 
showed irregular distorted STs that were lined 
with disorganized germinal epithelium. Many of 
the germinal cells appeared degenerated with 
deeply stained cytoplasm and nuclei. Many 
germinal cells were separated and sloughed into 
the lumen of the STs and many others germ cells 
showed large nuclei. The ICT were reduced and 
most of them appeared degenerated with deeply-

stained cytoplasm and nuclei. It was found that 
the mean cross-sectional area of the STs and the 
height of the germinal epithelial cells of the DM 
group significantly decreased (p=0.001, p=0.01), 
respectively, compared to the control rats (Figure 
2).  

When it came to the testis of LS-treated DM 
group, it was noticed that most of the STs 
appeared regular apart from few tubules that 
appeared irregular. Most STs were lined with 
organized germinal epithelium. Part of the ICT 
appeared degenerated while most of them 
appeared intact. The cross-sectional area of STs 
showed an insignificant increase while the height 
of the germinal epithelium cells lining these 
tubules were significantly increased (p=0.04) in 
this group compared to DM group (Figure 2). 

 
 
Figure 2: Section in the testis of the control, LS-treated, DM and LS-treated DM groups stained 
with Hx & E stain.  
The cross-sectional area of seminiferous tubules as well as the germinal epithelial height lining these 
tubules were presented in the graphs.  
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DISCUSSION 
The molecular impairment of reproductive 

functions was previously documented in many 
studies conducted on experimental animals as 
well as diabetic patients (Sampannang et al. 
2018). The previously reported hypoglycemic, 
antioxidant and anti-inflammatory activities of LS 
(Ortmeyer, 1997, Chen et al. 2020, Qusti et al. 
2016, Alqahtani et al. 2019) were encouraging to 
test the effect of it nanoparticles in controlling DM 
and its complication on the reproductive system.  

  Characterization of the LS nanoparticles, 
utilized in this study, using SEM revealed that 
most of these nanoparticles had nearly spherical 
shape with non-uniform sizes. This might be 
attributed to the better self-assembly of the seeds 
nanoparticles in the aqueous system as was 
previously reported (Taheri and Razavi, 2015, 
Zhao et al. 2010). Regarding the biochemical 
characterization of the LS, utilized in this study, it 
was found that linolenic acids and oleic acids 
(about 20% and 10 %) represented its main 
constituents and β-Sitosterol was the primary 
phytosterols detected as showed in the GC-Ms 
report. This was in partial agreement with the 
reports of (Moser et al. 2009, Amawi and Aljamal, 
2012) with a difference in the percentage of these 
two components which\                                might 
be attributed to the difference in species.  

In the current study, STZ administration 
resulted in a significant increase in BGL that was 
associated with a significant reduction in insulin 
and a significant decrease in HOMA-IR and 
HOMAβ-cells. These observations confirmed the 
successful induction of type I DM. It was reported 
that STZ, at a dose of 60mg/kg, induces an 
autoimmune process and results in the toxicity of 
beta cells with subsequent pancreatic damage 
and development of type I DM within 2-4 days 
(Weiss, 1982, Zaccardi et al. 2016). This 
explained the absence of insulin resistance, 
evident by reduced HOMA-IR, as well as β-cell 
destruction, evident by reduced HOMAβ-cells, in 
the model used in this study. 

The BGL was noticed to be significantly 
decreased in LS-treated DM while insulin level 
significantly increased compared to DM. This was 
in agreement with the finding previously reported 
by (El-Dakak et al. 2013) and (Attia et al. 2019) 
during their study conducted on alloxan-induced 
rat and STZ-induced animal model of DM, 
respectively. The antidiabetic effect of LS was 
attributed to the presence of alpha-linolenic acid 
which has an anti-inflammatory activity and 
hypoglycemic effect (Diwakar et al. 2008) as well 

as to benzyl isothiocyanate (Prajapati et al. 2014). 
Both of these two compounds were detected in LS 
in this study.  

The glucose lowering action of LS extract 
might also be the result of stimulating the 
surviving β-cells of islets of Langerhans to release 
more insulin and enhance glucose metabolism 
(Saravanan and Ramachandran, 2012). And this 
is confirmed in this study by assessing HOMA β-
cells and was found to be significantly increased 
in LS-treated DM compared to DM group. LS 
extract was also reported to inhibit endogenous 
glucose production in the liver (Eddouks et al. 
2005), hinder glucose absorption in the intestine 
(Patel et al. 2016) and glucose renal reabsorption 
by alternating renal glucose transporter (SLGT1) 
expression, increase both glucose uptake and 
glucose intracellular metabolism in the muscle 
and adipose tissues (Zhang and Tan, 2000).  

HOMA-IR significantly elevated in LS-treated 
DM compared to DM group. It might be attributed 
to the significant decrease in BGL that was 
associated by the significant increase in insulin 
level and was not attributed to insulin resistance. 
A similar finding was reported by (H El-Zawahry et 
al. 2017) as they reported a significant increase in 
HOMA-IR, in LS-treated Wistar rats fed high 
cholesterol diet (H El-Zawahry et al. 2017). 

LS-treated DM group, in this study, showed a 
marked increase in weight gain that was 
associated with a significant increase in food 
intake in comparison to the diabetic rats. This 
finding was supported by that was previously 
reported by (Sahane et al. 2014) during their 
study conducted  on diabetic rats treated with LS 
ethanolic extract. They attributed the capacity of 
LS to restore the body weight loss to reduced 
blood glucose level and increased insulin 
sensitivity. Weight gaining effect of LS was also 
reported in hypercholesterolemic animal model 
tested by (Al Hamedan, 2010, H El-Zawahry et al. 
2017). On the other hand, another study revealed 
that LS, administrated either at low dose or high 
dose, did not significantly affect the mean total 
weight gains of the mice compared to that of the 
control mice (Mahassni and Khudauardi, 2017). 

In this study, the weight of the testes of DM 
group was markedly reduced and this was in 
agreement with many previous studies 
(Sampannang et al. 2020, Long et al. 2015). The 
weight of the testes in LS-treated DM group was 
significantly higher compared to DM group. This is 
supported by the study conducted by (Kamani et 
al. 2017b) on STZ-induced diabetes in rats as 
they found that administration of green cress seed 
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extract at 200 mg⁄kg resulted in an increase in the 
weight of prostate. This might be attributed to the 
disulfide compounds of green cress that are 
similar to insulin (Tocmo et al. 2015). 

DM was reported to alter glucose metabolism 
in Sertoli cells, reduce spermatogenesis, damage 
testes, and decrease testosterone levels (Zha et 
al. 2018, Xu et al. 2014). Treatment of DM with 
LS, in the current study, significantly increased 
serum testosterone. This might be due to 
preserved structure of Leydig cells in the ICT 
observed hipstopathologically. Increased 
testosterone level was also reported following 
administration of LS extract to both normal and 
hyperprolactinemia rats (Ibraheem et al. 2015). 
On the other hand, one study reported no 
significant change in testosterone level after LS 
administration to control rats although luteinizing 
hormone significantly increased (Victoria et al. 
2020). Not only that this study also reported a 
decline in the gonadal function of the rabbits as 
well and this might be attributed to the high dose 
of LS utilized in their study (7% and 10% LS). 
(Meikle et al. 1996) has reported that the use of 
high concentrations of essential fatty acids e.g. 
oleic acid can have an adverse effect on the 
gonads as it inhibits cholesterol esterase that is 
essential for the synthesis of testosterone in the 
Leydig cells. In this study, the use of LS-
nanoparticles induced beneficial effect as the 
dose was minimized to the optimum one. 

STZ-induced DM was associated, in this 
study, with a marked decline in sperm parameters 
included the sperm count, motility and the 
percentage of the abnormal sperm. This might be 
attributed to impaired spermatogenesis evident 
histopathologically in the testes of this group. 
These findings were supported by many previous 
studies (Ahangarpour et al. 2016, Oliveira et al. 
2015) as well as recent one (Sampannang et al. 
2020). In this study, administration of LS, either to 
the control healthy or diabetic rats, markedly 
improved the sperm parameters. This might be 
attributed to increased testosterone level, evident 
also in this study. Similar results were reported in 
a model of sulpiride-induced hyperprolactinemia 
whereas the administration of LS significantly 
improved all fertility parameter included; sperm 
count, motility and viability (Ibraheem et al. 2015).  

In this study, testes of diabetic rats showed 
disorganized germinal epithelium lining the 
irregular, atrophied STs with many sloughed cells 
in their lumen which might explain the reduced 
epithelium height observed in this group. The ICT 
was atrophied with many degenerated cells which 

could explain the reduced testosterone level 
recorded in the serum as testosterone is produced 
by Leydig cells present in the ICT. These findings 
were in accordance with the previous reports on 
diabetic animals (Long et al. 2015, Donmez et al. 
2014, Vidal and Whitney, 2014). In a recent study 
conducted by (Sampannang et al. 2020), mice 
with STZ-induced DM showed a significantly 
reduction of the germinal epithelium in the STs 
with many sloughed deciduous spermatogenic 
cells into their lumen as well as seminiferous 
epithelial cells with large nuclei.  

Almost all STs in testes of LS-treated DM 
group appeared regular and lined with organized 
germinal epithelium with a significantly increased 
height of the germinal epithelium cells compared 
to that of the diabetic rats and that ICT appeared 
nearly intact. Similar findings were reported in 
epididymis of STZ-induced diabetic rats (Kamani 
et al. 2017a). In addition, it has been reported that 
administration of LS extract alleviated the 
histopathological changes observed in testes of 
hyperprolactinemia rats (Ibraheem et al. 2015). 

In this study, administration of LS 
nanoparticles significantly reduced the BGL, 
increased insulin and reduced insulin resistance. 
Unfortunately, no previous reports have shown 
the impact of LS nanoparticles on glucose 
homeostasis. In general, the nanoparticles 
consisted of various constituents were 
successfully used to load the antidiabetic drugs 
with excellent outcomes in vivo in controlling the 
blood glucose level (Ganesan et al. 2017). In a 
recent review, the advantages of using 
nanocarriers for the delivery of anti-diabetic drugs 
in managing DM for various administration routes 
included enhanced solubility, better stability of 
insulin, enhanced absorption of the drugs with 
subsequent higher bioavailability (Souto et al. 
2019). 
 
CONCLUSION 

In conclusion, this study showed that LS 
nanoparticles succeeded to control hyperglycemia 
in streptozotocin-induced diabetes in rats. It 
alleviated diabetes-induced changes in 
testosterone serum level, sperm parameters as 
well as the testicular structure because it 
possesses many phytochemicals with anti-
inflammatory as well as antioxidant activity. 
Further studies to explore the molecular 
mechanism of action underline these effect are 
encourage. Testing LS nanoparticles as an 
adjuvant therapy in controlling diabetes especially 
in young male is highly recommended due to its 
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preserving effect on male fertility. 
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