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Abstract 

Background  Gentamicin is one of aminoglycoside antibiotic used for treatment of many infections due to its avail-
ability and less cost. The aim of this study aimed to assess the modulation effect of fenugreek seed and its germinated 
seeds on pancreatic and testicular toxicity induced by gentamicin in male Swiss albino mice. Forty male albino mice 
were divided into four treatment groups as follows: (1) control group, (2) gentamicin treated group, (3) gentamicin-
fenugreek treated group and (4) gentamicin-germinated fenugreek treated group. Pancreatic and testicular tissues 
were collected for histopathological examinations, histochemical, and biochemical analysis as well as genetic study.

Results  Administration of gentamicin resulted in histopathological damage in pancreatic and testicular tissues 
as well as decreased glutathione peroxides, catalase and total antioxidant activity content in both pancreatic and 
testicular tissues compared to control group. Histopathological changes and antioxidant/oxidative alterations as well 
as DNA damage observed in gentamicin treated animals found were moderate improvement by fenugreek seeds 
administration and marked improvement by treatment with germinated fenugreek seeds.

Conclusions  Treated with gentamicin induced histopathological lesions, antioxidant/oxidant imbalance and DNA 
damage in the pancreatic and testicular. Treatment with germinated fenugreek seeds was more effective than fenu-
greek seeds in amelioration of pancreatic and testicular lesions, preventing high appearance of carbohydrate and 
accumulation of collagen fibers as well as oxidative damage and genotoxicity induced by gentamicin administration.
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Background
Gentamicin is an aminoglycoside antibiotic that has been 
accepted its uses in more than 100 countries worldwide. 
It is considered as a broad spectrum antibiotic against 
microbial pathogens, mainly Gram-negative bacteria 
(Bulman et al., 2020). However, uses of gentamicin have 
resulted in testicular toxicity as well as having nephro-
toxic effects which limits its therapeutic uses (Aly & Has-
san, 2018; Edeogu et al., 2019; Khalili et al., 2021).

Earlier studies have established that gentamicin can 
damage sperm motility, reduce reproductive organ 
weights and cause apoptosis in the testis, resulting in 
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testicular failure (Hamoud, 2019a). The mechanism of 
gentamicin induced testicular toxicity remains unclear. 
In general, the generation of toxic reactive oxygen spe-
cies such as superoxide, hydrogen peroxide, singlet oxy-
gen and hydroxyl radical that lead to oxidative stress is 
considered as the main reason for gentamicin toxic-
ity (Tewari et  al., 2020). Now, there are many food and 
medicinal plants known for their antioxidant properties. 
Fenugreek (Trigonella foenum-graecum), also known as 
Methi in Hindi, is a food spice used in India and other 
Asian, African and European countries (Bulman et  al., 
2020). Fenugreek is one of the oldest medicinal plants 
with antioxidant properties and used in many Asian and 
African countries for its health benefits (Rouag et  al., 
2021).

Baset et  al. (2020), reported hypoglycemic, hypolipi-
demic, antifertility, antinociception and wound healing 
properties of fenugreek seeds in rat. In a similar study by 
Kaur and Sadwa (2020) they in a similar study stated that 
cytogenetic and testicular damage induced by adriamy-
cin as chemotherapy drug could be prevented by admin-
istration of fenugreek seeds in albino rats. Germinated 
fenugreek seeds have numerous valuable properties over 
un-germinated fenugreek seeds. Germinated seeds are a 
good source of important amino acids particularly leu-
cine, lysine and tryptophan that used in biosynthesis of 
proteins, and play special roles in "anchoring" membrane 
proteins within the cell membrane as well as tryptophan 
is also a precursor to the neurotransmitter serotonin, 
the hormone melatonin, and vitamin B3 (Tewari et  al., 
2020). In vitro, fenugreek seeds are reported to improve 
protein digestibility, fat absorption capacity, in addi-
tion to, decreasing levels of total unsaturated fatty acids, 
total lipids, triglycerides, and phospholipids (Omri et al., 
2019). The aim in this research is to study the effects 
of fenugreek, and its germinated seeds on gentamicin 
induced testicular and pancreatic toxicity in male Swiss 
albino mice.

Methods
Chemicals
Gentamicin was purchased from Sigma-Aldrich Com-
pany (U.S.A), and was freshly dissolved in distilled water. 
While Trigonella foenum-graecum seeds were obtained 
from the local market, and were finely powdered to pre-
pared solution used in experimental. Others chemicals 
reagent used were obtained from Sigma-Aldrich Com-
pany (U.S.A).

Animals
Male Swiss albino mice weighing 25–30  g, age 
9–12 weeks (n = 40) were obtained from animal house of 
National Organization for Drug Control and Research, 

Egypt. The mice were acclimatized under house condi-
tions with a12-h dark/light cycle at 25 ± 2 °C temperature 
with free access to standard rodent chow and water. The 
mice were grouped and housed according to the guide-
lines of the institutional animal ethics committee of 
National Organization for Drug Control and Research. 
All experimental procedures were conducted in accord-
ance with the ethical standards and approved by the 
Institutional Animal Care and Use Committee (IACUC) 
at NODCAR (approval no. NODCAR/III/39/2019).

Preparation of germinated fenugreek seed
Germinated fenugreek seeds were prepared according to 
a modified method described by Priyanjali et  al. (2014). 
The seeds obtained from a local market were soaked in 
water for 24 h to germinate, then kept at 4 °C for 2 days, 
dried in the shade and ground into a fine powder with a 
blender.

Preliminary acute toxicity test for germinated fenugreek 
seed
Single doses of powdered germinated fenugreek seed 
(5, 50, 300, 500 or 2 × 103  mg/kg bw) were dissolved in 
distilled water (DIH2O) and administered orally to mice. 
The animals were observed for 14 days after administra-
tion for clinical changes i.e. weight loss or mortality (Cre-
ton et  al., 2010). No mortality or body weight changes 
were observed for all described doses. The safe dose of 
germinated fenugreek seeds was ≤ 2 × 103  mg/kg b.w. 
Therefore the chosen dose was 500 mg/kg bw.

Experimental design
Forty mice were equally divided into four treatment 
groups (n = 10 per group) as follows: (1) control group: 
Mice (n = 10) were injected peritoneally (i.p.) with 
0.1  ml/10  g b.w. DIH2O, followed by oral DIH2O at 
same dose of i.p. daily for 5 day, (2) Gentamicin treated 
group: Mice (n = 10) received 100 mg/ml/kg, i.p for 5 day 
according to Singh et  al. (2012); (3) Gentamicin-Fenu-
greek treated group: Mice (n = 10) received gentamicin 
(100  mg/kg bw, i.p.) daily simultaneous with fenugreek 
seed powder (500  mg/kg bw) for 5  day according to 
Seema (2014), and (4) Gentamicin-Germinated Fenu-
greek treated group: Mice (n = 10) received gentamicin 
(100  mg/kg bw,) i.p. daily for 5  day simultaneous with 
germinated fenugreek seed powder (500 mg/kg bw). Ger-
minated fenugreek seed dosage was used according to 
results of the preliminary acute toxicity test. Gentamicin 
(1405-4-0, Sigma-Aldrich Company, USA), and was 
freshly prepared daily just before use in Groups 2, 3 and 
4.

At end of experiment, all mice were euthanized 
24  h after the last doses with i.p. injection of sodium 
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pentobarbital (50  mg/kg bw. i.p.) and decapitation then 
pancreas and testis were collected for the following 
examinations.

Histopathological and histochemical examinations
Pieces of pancreas sand testis were preserved fixed in 
10% formaldehyde for 48  h and, processed by hand as 
follows:

Formalin fixed samples washed in water twice, dehy-
drated in ascending gradient of ethyl alcohol, (E7023, 
Sigma-Aldrich Company) (50%, 70%,90% and 100%, 3X 
per change for 10  min), cleared in xylene for 3 times 
(Sigma-Aldrich Company, catalog number: 247642) 
for 5  min, infiltrated and embedded in paraffin 3 times 
for 10–15  min (Sigma-Aldrich Company, catalog num-
ber:327212). Paraffin section  5  µm thick were cut and 
mounted on glass slides.

For all stains, sections were deparaffinzed in xylene, 
and rehydrated through a descending ethyl alcohol gra-
dient to water. After all stains, sections were dehydrated 
in ascending ethyl alcohol gradient, cleared in xylene 
2 × 2  min per change and coverslip mounted with DPX 
mounting medium (215-535-7, Sigma-Aldrich).

All stained sections were examined with a light micro-
scope (BX41, Olympus Corporation, Japan) and pho-
tographed with Nikon camera (Nikon Corp, Japan) 
to evaluate the histopathological and histochemical 
changes.

Stained sections were examined with a light micro-
scope (BX41, Olympus, Japanese) and photographed with 
Nikon camera (Nikon company, Japanese) to evaluate the 
histopathological and histochemical changes.

Hematoxylin and eosin (H & E) for histopathological study
Sections were Hematoxylin Solution Modified Accord-
ing to Gill III (105174, Sigma-Aldrich), rinsed 1  min 
in running tap water; stained 45  s in Eosin (109844, 

Sigma-Aldrich) according to Malatesta (2016). Sec-
tions were dehydrated, cleared and coverslip mounted as 
described above.

Periodic acid Schiff’s (PAS) stain to detect carbohydrate 
content
Periodic acid Schiff’s stain was done according to accord-
ing to Layton and Bancroft (2018). Sections were oxidized 
by 0.5% periodic acid solution (395132, 5  min), washed 
in distilled water, treated with Schiff’s reagent (109033, 
USA, Sigma-Aldrich) 15  min, and washed in tap H2O 
(5  min). Stained sections were counterstained by May-
er’s hematoxylin (109249, Sigma-Aldrich, USA) 1  min, 
washed in tap H2O 5 min, then dehydrated, cleared and 
coverslip mounted as described for all stained sections.

Masson’s trichrome staining for fibrous connective tissue
Deparaffinized sections were stained with Masson’s tri-
chrome as seen in Table 1.

Biochemical analysis of oxidative stress markers, 
testosterone and anti‑Mullerian hormone
Portions of pancreas and testis tissues were washed 
in ice-cold (4  °C) isotonic saline pH 7 and blotted dry 
between two filter papers. The tissues were homogenized 
in ice-cold phosphate buffer pH 7.4 (10010023, Thermo 
Fisher Scientific Company) to make 10% (w/v) homoge-
nate using the Glass-Col Homogenizer (Fisher Scientific 
Company, USA). Supernatants from homogenates were 
used for biochemical determination with the following 
colorimetry assay kits: Lipid peroxide malondialdehyde 
(MDA) (MD 25 29, Biodiagnostic Company, Egypt), Cat-
alase (CAT) (CA 25 17, Biodiagnostic), Total Antioxidant 
Capacity (TAC) (TA 25 13, Biodiagnostic), Glutathione 
reduced (GSH) (GR 25 11, Biodiagnostic) and Superox-
ide Dismutase (SOD) (SD 25 21, Biodiagnostic) using 
Unicam Spectrometer (3050740, England). Elisa tests for 

Table 1  Masson’s trichrome protocol

*All reagents are from Sigma-Aldrich

Staining reagent and rinses Time Catalog number

Weigert’s Iron Hematoxylin working solution 10 min HT107*

Running tap water, warm 10 min

Biebrich scarlet-acid fuchsin solution 10–15 min HT151*

DIH2O Rinse

Phosphomolybdic—phosphotungstic Acid solution 15 min HT153*

DIH2O Rinse Brief rinse

aniline blue solution 10 min B8563*

1% acetic acid solution 5 min 45,754*

DIH2O Rinse

Sections dehydrated, cleared and coverslipped
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Testosterone (DK0015, Diametra, Italy) and Anti-Mül-
lerian hormone (AMH) (A79765 Beckman Coulter Gen 
II ELISA, Beckman Coulter, USA) were estimated in the 
testis homogenate.

DNA fragmentation assay
DNA from mice testis was extracted using the methods 
and data published by Wlodek et al. (1991) and Aljanabi 
and Martinez (1997), whereas DNA ladder was used to 
determine the size of the apoptotic DNA fragments.

Statistical analysis
Values were expressed as means ± standard error (SE) 
for n = 10 samples per each group. p value ≥ 0.05 was 
considered as statistically significant, while p val-
ues ≥ 0.001 were considered highly significant. All statis-
tics were carried out using the analysis of variance with 
one-way ANOVA IBM SPSS Statistics, USA) and Prism 

5.01 (GraphPad, USA) to analyze and graph differences 
between group means and standards errors.

Results
Hematoxylin and eosin examination of pancreas
Microscopic examinations of pancreas sections from 
control mice revealed well-developed endocrine as islets 
of Langerhans and exocrine acinar cells and pancreatic 
duct. Normal acinar cells are pyramidal with basal nuclei 
and apical acidophilic cytoplasm (Fig.  1a). In contrast, 
pancreas sections from the gentamicin treated group had 
a reduced number and size of most islets of Langerhans. 
Marked atrophied islets of.

Langerhans showed pyknotic nuclei of its remaining 
shrunken and degenerated cells. In addition to, shrink-
age and degenerated acinar cells, destructive pancreatic 
duct and widening space between lobules were also seen 
(Fig. 1b). Others islets of Langerhans revealed moderate 
reduction, a scattered empty space, degenerative cells, 

Fig. 1  A photomicrograph of pancreatic tissues staining H &E: a From control mouse showing normal appearance of inlet Langerhans (Lg), acini 
cells (double head arrow) and pancreatic duct (d). b1 From gentamicin treated mice showing severe atrophied islets Langerhans with pyknosis 
of remaining cell’s nucleus (Lg) as well as widening space between lobules (w). Shrinkage and degenerated acini cells (double head arrow) and 
distracted pancreatic duct (d) were also seen. b2 From gentamicin treated mice showing moderate reduced Langerhans (Lg) with pyknotic nucleus 
of its cells and diffused empty space of degenerative cells (arrow) as well as degenerative acinar cells (double head arrow). mild perivascular 
inflammatory cells (arrow head), marked dilated pancreatic duct filled with eosinophilia materials (d),thickened haylinized wall of dilated artery (a), 
dilated congested vein (V) and edema with inflammatory cells infiltrations (o) were seen. b3 From gentamicin treated mice showing widening 
space (w) between small lobules (L). c From gentamicin–Trigon treated group revealing normal appearance of acini (double head arrow) and well 
developed islets of Langerhans (Lg) with focally empty space of degenerative cells (arrow). Moderate dilated pancreatic duct (d) and mild hylinized 
artery (a) were seen. d From gentamicin-G.Trigon treated group showing no structural abnormalities in islets of Langerhans (Lg), pancreatic acini 
(double head arrow) and pancreatic duct (d)
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and pyknotic nuclei of its remaining cells in another 
area. Marked degenerative changes in most acinar cells 
were also seen. Severe dilated pancreatic duct filled with 
eosinophilic materials, a thick hyaline wall of dilated 
artery, a dilated congested vein and edematous area infil-
trated with inflammatory cells infiltrations were also seen 
(Fig. 1c). Prominent areas with widening space were also 
seen between lobules (Fig. 1d).

Treatment animals with gentamicin and fenugreek 
seeds showed some improvement with majority islets of 
Langerhans appearing normal but empty space still seen, 
accompanied with mainly acinar appeared normal. How-
ever, moderate dilated pancreatic duct and mild hyaline 
artery with few degenerated acini cells were still noticed 
(Fig.  1e). However mice treated with gentamicin and 
germinated fenugreek seeds showed no morphological 
abnormalities in islets of Langerhans, acinar and duct as 
compared to gentamicin treated group (Fig. 1f ).

Hematoxylin and eosin examination of testis
Microscopic examination of testis from control mice 
showed normal morphology structure of seminifer-
ous tubules, complete spermatogenic layers, well-
developed sperms and normal interstitial Leydig cells 
(Fig.  2a). On another hand, the gentamicin treated 
mouse testis sections revealed degenerative changes 
of many seminiferous tubules with disturbed of sper-
matogenic layers, absence of sperm and exfoliated sper-
matogenic cells in the lumen as well as distracted of its 
basal lamina (Fig.  2b). In other areas, some seminifer-
ous tubules had hyaline degeneration with eosinophilia 
deposition, cystic degeneration and scattered pyknotic 
cells in the basal layer together with wide interstitial 
spaces (Fig.  2c). There were prominent areas with dif-
fused seminiferous tubules showing severe degenera-
tive changes and reduced spermatogenic layers with no 
sperm (Fig. 2d).

Fig. 2  Photomicrograph of testis section staining with H&E, X200. a From normal male Swiss albino mouse showing normal histological structure 
of seminiferous tubules including complete spermatogenic layers (ST) and Leydig cells (L). b Sections of testis from male Swiss albino mice 
treated with gentamicin showed loss of normal architecture of seminiferous tubules (st), disturbed of spermatogenic layers, absence of sperm 
and marked degenerative changes with exfoliated spermatogenic cells in the lumen (ST). Distracted basal liminal of seminiferous tubules (double 
arrow head). b1 from male Swiss albino mice treated with gentamicin only showing hyaline degeneration with eosinophilia deposition (H), cystic 
degeneration (c) and scattered pyknotic nuclei in the basal cell layers in seminiferous tubules (st). A widened interstitial space (w) and moderate 
reduction in spermatogenic series and reduction of sperms in othors seminiferous tubules (st) were seen. b2 Sections of the testis from male Swiss 
albino mice treated with gentamicin showing diffused seminiferous tubules with moderate to marked degenerative changes and reduction in 
spermatogenic layers with absence of sp seminiferous tubules erm (st). c From male mice treated with gentamicin- Trigonella foenum-graecum 
showing normal appearance of some seminiferous tubules (st), while mild reduction in spermatogenic layers and absence of sperm in lumens of 
othors scattered seminiferous tubules still showed (st star). d From male mice treated with mice treated with gentamicin-germinated Trigonella 
foenum-graecumshowed normal histological structures of layers of seminiferous tubules (st) and normal appearance of Leydig cells (L)
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Testis sections from mice treated with gentamicin and 
fenugreek seeds showed moderate improvements, with 
normal appearance of some seminiferous tubules but still 
showed scattered seminiferous tubules with mild reduc-
tion in spermatogenic layers and no sperm (Fig.  2e) as 
compared to gentamicin treated group. However, animals 
treated with gentamicin and germinated fenugreek seeds 
revealed obvious improvement with normal testicular 
morphology, complete normal spermatogenic layers, 
sperm and normal appearance of interstitial Leydig cells 
(Fig. 2f ).

Periodic acid‑Schiff (PAS) for detection carbohydrate 
content in pancreas
Control mice carbohydrate distribution in pancreatic tis-
sues of control animals is well detected by PAS-Schiffs 
staining (Fig.  3a) as compared to gentamicin treated 
mice which exhibited less carbohydrate content in their 
pancreas (Fig.  3b). In the gentamicin fenugreek treated 
group, carbohydrate content was seen in some acinar 
cells but others acinar cells did not show it (Fig. 3c). testis 
sections from animaaals treated with germinated fenu-
greek seeds demonstrated a normal distribution of car-
bohydrate content (Fig.  3d) compared to pancreas from 
gentamicin treated mice (Fig. 3b).

Periodic acid‑Schiff (PAS) for detection carbohydrate 
content in in testis
Microscopic examination of testis sections from gen-
tamicin treated group stained with PAS for carbohydrate 
content revealed weakly magenta colored in seminiferous 
tubules basal lamina, degenerated spermatogenesis layers 
and completely absence of sperm (Fig. 4b) compared with 
control group (Fig. 4a). sections of testis from gentamicin 
fenugreek treated group revealed moderate carbohydrate 
staining in seminiferous tubules basal lamina, germinal 
spermatogenic cells and few sperm (Fig. 4c) as compared 
with gentamicin treated group (Fig.  4b). Testes sections 
from gentamicin germinated fenugreek group, showed 
carbohydrate content appeared normal and restored in 
the spermatogenic layer basal lamina and sperm (Fig. 4d) 
as compared to the normal control and gentamicin 
treated groups.

Detection of collagen deposition in pancreas with Masson’s 
trichrome
Pancreas sections stained with Masson’s trichrome from 
gentamicin treated group revealed high collagen fibers 
content appeared surrounding wall of ducts and blood 
vessels in most lobules (Fig.  5b) as compared to con-
trol group (Fig.  5a). Examination of pancreas section 
from gentamicin-fenugreek group, fewer collagen fibers 

Fig. 3  A Photomicrograph of pancreatic tissues staining with Periodic-Acid Schiff (PAS) for detection carbohydrate (glycogen) content, × 400. a 
From control group showing normal distribution of carbohydrate content (arrow); b From gentamicin treated group showing few carbohydrate 
content; c From gentamicin- Trigon treated group showing moderate carbohydrate content; and d From gentamicin-G. Trigon treated group 
showing restore normal carbohydrate content. Magentic color detected glycogen content (arrow)
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surrounded duct walls and blood vessels (Fig. 5c) as com-
pared to gentamicin group (Fig.  5b). However pancreas 
sections from mice treated with gentamicin and germi-
nated fenugreek seeds showed very few to almost no col-
lagen fibers (Fig. 5d) as compared to gentamycin treated 
group.

Collagen deposition detection in testis tissues 
with Masson’s trichrome
Testis sections from control group staining showed 
normal distribution of collagen fibers in basal lamina 
of seminiferous tubules and fewer fibers in the intersti-
tial tissues (Fig.  6a). Testis section of male mice treated 
with gentamicin revealed an excessive amount of colla-
gen in the walls of seminiferous tubules and congested 
blood vessel walls in interstitial tissues as compared to 
the control group (Fig.  6b). Section of testis from ani-
mals treated with gentamicin-fenugreek had a low colla-
gen in seminiferous basal lamina wall and some collagen 
fibers still seen in blood vessels wall as compared with 
gentamicin treated group (Fig.  6c). The treatment with 
germinated fenugreek seeds after gentamicin exhibited 
normal appearance of collagen fiber in seminiferous basal 

lamina wall, as compared with gentamicin treated group 
(Fig. 6d).

Biochemical analysis of oxidative stress in pancreas tissue
Gentamicin treated group showed a significant increase 
in malondialdehyde and a significant decrease in Glu-
tathione reduced, Catalase and Total Antioxidant Capac-
ity content in pancreas tissue compared to control group. 
However, the gentamicin fenugreek group and gen-
tamicin-germinated fenugreek seed group demonstrated 
decrease in malondialdehyde and increase in Glutathione 
reduced, Catalase and Total Antioxidant Capacity con-
tent as compared to gentamicin treated group as shown 
in Fig. 7a–d and Table 2. However, values of malondial-
dehyde, Glutathione reduced Catalase and Total Anti-
oxidant Capacity content at gentamicin-germinated 
fenugreek group returned to normal control value.

Biochemical analysis of oxidative stress in testis tissue
In gentamicin treated group has significant decrease in 
testosterone and AMH of testis as compared to control 
group. In contrast, there is amelioration in decreasing 
of testis hormones observed gentamicin treated group 

Fig. 4  A Photomicrograph of testis tissues staining with Periodic-Acid Schiff (PAS) for detection carbohydrate (glycogen) content. a From control 
group showing intensely staining periodic acid Schiff in the basal lamina (arrows), germinal spermatogenic layers (double head arrow) and sperm 
(head arrow) of seminiferous tubules (st). b From gentamicin treated group showing weakly staining in basal lamina (arrows), degenerated germinal 
spermatogenic cells (double head arrow) and negative staining in absence sperm (head arrow) of seminiferous tubules (st). c Gentamicin-Trigon 
treated group showing moderate staining in basal lamina (arrows), and germinal spermatogenic cells (double head arrow) with mild in few sperm 
(head arrow) of seminiferous tubules (st). d Gentamicin-G. Trigon treated group showing restore strongly staining in basal lamina (arrows), germinal 
spermatogenic cells (double head arrow) and sperm (head arrow) of seminiferous tubules (st)
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Fig. 5  Photomicrograph of pancreatic tissues staining with Masson’s trichrome stain. a Control group showing almost absent fibers. b Gentamicin 
treated group showing high collagen fibers content appeared around ducts (d) and blood vessels (bv). c Gentamicin-Trigon treated group showing 
moderate collagen fibers around ducts (d) and blood vessels (bv); and d Gentamicin-G. Trigon treated group showing very minimal around wall of 
ducts (d). Ducts (d) and blood vessels (bv). Blue color detected collagen fibers (arrow)

Fig. 6  A Photomicrograph of testicular tissues staining with Masson’s trichrome stain. a Control group showing collagen fibers in basal lamina 
separating seminiferous tubules (arrow) and minimal in the interstitial tissues (head arrow). b Gentamicin treated group showing abundant 
collagen fibers in basal lamina (arrow) and congested blood vessels (bv) in the interstitial tissues (head arrow). c Gentamicin-Trigon treated group 
showing moderate collagen fibers in basal lamina (arrow) and mild collagen fibers blood vessels (bv) in the interstitial tissues (head arrow).and d 
Gentamicin-G. Trigon treated group showing normal collagen fibers in basal lamina (arrow) and minimal in the interstitial tissues (head arrow). Blue 
color detected collagen fibers
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when mice administration gentamicin and fenugreek 
seeds or germinated fenugreek seeds (Fig. 8, Table 3).

DNA fragmentation assay
Gentamicin caused apoptotic DNA fragmentation in 
the testicular tissues of mice (Fig.  9). No ladder was 
observed on the agarose gel in the DNA of the control 
testis (Fig.  9, lane 1). Genomic DNA ladder formation 
was observed in the DNA of mice treated with GEN 
(100  mg/kg b.wt.) for 5  days (Fig.  9 lane 2). Also, the 

degradation of DNA into oligonucleotide fragments 
was also observed in the GEN group treated with fen-
ugreek extract (500  mg/kg) (Fig.  9 lane 3). Adminis-
tration of germinated fenugreek (500  mg/kg) to mice 
treated with gentamicin for 5 days restored the DNA 
laddering profile induced by the toxic effect of gen-
tamicin treatment alone (Fig.  9, lane 4), to normal. 
These results suggest that germinated fenugreek was 
more effective than fenugreek in protecting against the 
toxic effect of gentamicin on testis of male mice.
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Fig. 7  Biochemical analysis in mice administration gentamicin with Trigonella foenum-graecum and its germinated form in pancreatic tissue. In 
each group, ten animals were used. Data are represented as mean. a Mean ± SE of GSH content of Pancreatic tissue. b Mean ± SE of MDA content of 
Pancreatic tissue. c Mean ± SE of CAT content of Pancreatic tissue. d Mean ± SE of TAC content of Pancreatic tissue
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Discussion
The present study evaluated the ameliorative effect 
of fenugreek and its germinated seed form against 
gentamicin toxicity on pancreas and testis in Swiss 
albino mice using histopathological and histochemical 

examination as well as biochemical analyses and DNA 
study. This works revealed that, gentamicin resulted in 
several histopathological lesions in pancreas and tes-
tis tissues, decrease carbohydrate content and enhances 
accumulation of collagen fibers. The biochemical analyses 

Table 2  Effect of gentamicin with fenugreek or fenugreek germinated seeds on oxidative stress estimated values for glutathione 
reduced, malondialdehyde, catalase and total antioxidant capacity content in pancreatic homogenate from Swiss albino mice

n = number of mice per. Data are represented as mean ± standard errors for each group

*(P < 0.01) is significant. Group superscripted with same latter are not significant while groups superscripted with different letters are significant

Oxidative parameters Control  n = 10 Gentamicin 
treatment 10

Gentamicin-fenugreek 
treatment n = 10

Gentamicin-Germinated 
Fenugreek treatment  
n = 10

Glutathione reduced (mg/g tissue) 165.3 ± 1.1 69 ± 0.6 89 ± 0.4 135 ± 0.8

Malondialdehyde (nmol/g tissue) 157 ± 1.2* 181 ± 0.9* 122 ± 1.5* 150 ± 2.5*

Catalase (U/L) 3 ± 0.03 a 1.7 ± 0.08 2.3 ± 0.09 2.9 ± 0.05

total antioxidant capacity (Mm/l) 0.08 ± 0.001 0.04 ± 0.003 0.06 ± 0.001 0.07 ± 0.002
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Fig. 8  Level of testosterone and AMH in in mice administration gentamicin Trigonella foenum-graecum and its germinated form in testicular tissue. 
In each group, ten animals were used. Data are represented as mean. a Mean ± SE of testosterone in testicular tissue. b Mean ± SE of AMH in 
testicular tissue

Table 3  Level of testosterone and anti-Müllerian hormone in in mice administration gentamicin, gentamicin-fenugreek and 
gentamicin-germinated fenugreek in testis tissue

n = number of mice per. Data are represented as mean ± standard errors for each group

*(P < 0.01) is significant. Group superscripted with same latter are not significant while groups superscripted with different letters are significant

Biochemical parameters Control  n = 10 Gentamicin-
treatment  n = 10

Gentamicin-fenugreek 
treatment  n = 10

Gentamicin-germinated 
fenugreek treatment  
n = 10

Testosterone (pg/ml) 150 ± 1.8a 120 ± 2.4* 130 ± 1.2 135 ± 2.7

Anti-Müllerian hormone ng/ml 0.52 ± 0.8 0.28 ± 0.3* 0.45 ± 0.9 0.46 ± 1.1
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reported a decrease in glutathione reduced, catalase and 
total antioxidant capacity content with an increase in the 
malondialdehyde level of pancreatic and testicular tis-
sue of gentamicin treated group. In addition to, genetic 
studies referred apoptotic DNA fragmentation in the tes-
ticular tissues. These were in agreement with work done 
by Elsawah et al. (2020), and Hamoud et al. (2019b), Aly 
(2019), El-Sayed et al. (2022).

The observed histopathological lesions observed 
in pancreases and testis in the present study, could 
be attributed to elevation of reactive oxygen species 
(Udupa et  al. 2019; El-Sayed et  al., 2022), oxidative 
stress, lipid peroxidation and activity of caspases-3 and 
9 (Aly & Hassan, 2018; Elsawah et al., 2020) combined 
with decreasing activity of antioxidant enzymes (cata-
lase, superoxide dismutase, glutathione peroxidase) as 
recorded in our study and previews studies El-Sayed 
et al. (2022). Oxidative stress containing enriched gen-
eration of reactive oxygen species has been caused the 
etiology of over one hundred human diseases (Dixit 
et al., 2005).

The complete absence of sperm in gentamicin treated 
group in the current study could be attributed to high 
productions of free radicals that lead to deterioration 
of sperm through lipid peroxidation and polyunsatu-
rated fatty acids oxidation. Peroxidation of sperm lipids 

can damage the matrix of spermatozoa membrane 
lipids. These were confirmed by Aly and Hassan (2018), 
Agarwal et al. (2007), who stated that polyunsaturated 
fatty acids in plasma membranes and a few scavenging 
enzymes in cytoplasm make spermatozoa extremely 
sensitive to damage of reactive oxygen species.

This study also improved the ameliorative effect of 
fenugreek seeds in preventing pancreatic and testicular 
lesions induced by gentamicin as recorded previously 
with work done by Alsuliam et  al. (2022). Moreover, 
our study also showed that treatment with germinated 
fenugreek seeds was more effective than treatment 
with fenugreek in preventing pancreatic and testicular 
lesions induced by gentamicin. These observed benefi-
cial effects of fenugreek seeds and its germinated seeds 
form against toxicity of gentamicin could be attributed 
to more phenolic and flavonoid compounds in germi-
nated fenugreek seeds than non-germinated, which 
mostly responsible for antioxidant activity, anti-inflam-
matory properties and scavenging free radicals (Dhawi 
et al., 2020).

Fenugreek has been reported to be an important 
medicinal plant with nutritional properties as an appetite 
stimulant, along with hypocholesterolemic, antidiabetic, 
antileukemic and antimicrobial effects (Ibrahim et  al., 
2020; Syed et al., 2020).

Sakr and Shalaby (2014), reported that an amelioration 
effect of fenugreek against testicular toxicity of carbo-
furan may be due to the antioxidant activity of flavonoids 
and polyphenols constituents. Similarity, Ibrahim et  al. 
(2020), stated that medicinal properties of fenugreek are 
related to phytochemicals component such as galacto-
mannans, phenolic compounds, alkaloids, proteins, vita-
mins (A, B1, C and nicotinic acid) and volatile oils.

The observed higher activities of germinated fenugreek 
seeds on fenugreek seeds may be attributed to germi-
nated seeds have several beneficial properties over unger-
minated fenugreek seeds. Germinated fenugreek seeds 
are a good source of essential amino acids especially 
leucine, lysine and tryptophan. Germination improves 
in  vitro protein digestibility, as well as fat absorption 
capacity (Sakr & Shalaby, 2014). This was supported by 
Dixit et al. (2005), who stated that germinated fenugreek 
seeds showed a good antioxidant, radical scavenging 
properties, and inhibition of lipid peroxidation due partly 
to the presence of flavonoids and polyphenols.

Germinated fenugreek seeds have abundant in bioac-
tive antioxidant substances and were used extensively 
as an important ingredient in daily food preparations 
and herbal formulations (Idris    et al., 2021;  Syed et  al., 
2020). Germination, fenugreek sprouts have shown to 
be richer in polyphenols, reducing sugars and minerals 
(K, Zn and Fe) than fenugreek seed (Randhir et al., 2004; 

Fig. 9  Determination DNA fragmentation by oral administration 
of fenugreek and germinated fenugreek on animals treated with 
gentamicin in testis tissues
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Shakuntala et  al., 2011). Moreover, Dhawi et  al. (2020), 
reported that water extract of germinated fenugreek 
seeds have higher bioactive compounds, antioxidant, 
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging 
activity, and antimicrobial activities than ethanol, meth-
anol and aqueous extract of ground fenugreek seeds. 
The highest phenolic, flavonoid and vitamin C contents 
were found in aqueous extract of germinated fenugreek 
seeds. This group also reported that aqueous extract of 
germinated fenugreek seeds had greater antimicrobial 
activity against tested bacterial pathogens (Bacillus sub-
tilis, Staphylococcus aureus, and Escherichia coli). Fur-
ther, Darwish et al. (2020), stated that the administration 
with germinated fenugreek more effective than fenugreek 
(Trigonella foenum-graecum) in the reverse the histo-
pathological changes, and restored antioxidant/oxidant 
balance induced by gentamicin in kidney tissue.

Recently, many studies reported Antifungal proper-
ties (Sudan et al., 2020), as well as effficacy and safety of 
fenugreek Seeds on treatment of testosterone deficiency 
syndrome (Mansoori et al., 2020; Park et al., 2019). Simi-
larly Syed et al. (2020), reported nutrition and therapeu-
tic effect of fenugreek while, Bruce-keller et  al. (2020), 
reported that fenugreek ha ability to counter the effects 
of high fat diet on gut microbiota in mice. Similarity, 
Kaur and Sadwa (2020), reported the phytomodulatory 
potential of fenugreek (Trigonella foenum‐graecum) on 
bisphenol‐A induced testicular damage in mice.

Conclusions
It was concluded that, gentamicin acts as a cytotoxic 
agent and its administration induces several histopatho-
logical lesions, reduced antioxidant enzymes as well as 
decrease carbohydrate content and enhances accumula-
tion of collagen fibers compared to control treated group. 
It also elevated oxidative damage in both pancreatic and 
testicular tissues as evidenced by decrease in glutathione 
reduced, catalase and total antioxidant capacity content 
with an increase in the malondialdehyde level of pancre-
atic and testicular tissue of gentamicin treated group. In 
addition to, genetic studies referred apoptotic DNA frag-
mentation in the testicular tissues.

The treatment with germinated fenugreek seeds is 
more effective than ground fenugreek seeds in improv-
ing histopathological lesions, preventing high appearance 
of carbohydrate and accumulation of collagen fibers as 
well as antioxidant/oxidant imbalance and DNA damage 
induced by gentamycin toxicity in pancreatic and testicu-
lar tissue. Theses could be attributed to germinated seeds 
have several beneficial properties over ungerminated 
fenugreek seeds. Germinated fenugreek seeds are a good 
source of essential amino acids especially leucine, lysine 

and tryptophan and contain high amount of flavonoids 
and phenolic compounds.
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