
7 

 

P-ISSN: 2304-3075; E-ISSN: 2305-4360 
International Journal of Veterinary Science 

www.ijvets.com; editor@ijvets.com 
 

Review Article https://doi.org/10.47278/journal.ijvs/2022.142  

 

Naturally Based Nano Formulation in Metabolic and Reproductive Disorders: A 

Review 
 

Khalifa El-Dawy1, Saydat Saad1, Mohamed MA Hussein1, Rasha Yahia1,* and Mohamed Al-Gamal1 
 
1Biochemistry Department, Faculty of Veterinary Medicine, Zagazig University, 44519 Zagazig, Egypt 

*Corresponding author: r80anas@gmail.com 
 

Article History: 21-377 Received: 27-Aug-21 Revised: 08-Sep-21 Accepted: 25-Oct-21 

 

ABSTRACT 
 

Metabolic and reproductive disorders are pervasive all over the world. There are common causes between them as 

obesity, the surplus of nutrients, and reduced energy expenditure. Depending on the amount and location of body fat, 

obesity has severe repercussions for the reproductive system. Obesity is linked to menstruation abnormalities, infertility, 

miscarriage, poor pregnancy outcomes, reduced fetal well-being, and diabetes mellitus. Their consequences have an 

impact on a huge portion of the reproductive population. Individuals and society bear a huge social, medical, and 

economic burden due to reproductive and metabolic disorders. Diabetes causes multiple ranges of reproductive health 

disorders, like delayed puberty and menarche, menstrual cycle abnormalities, subfertility, poor pregnancy outcomes, 

and perhaps early menopause. Reproductive disorders are conditions that disturb the reproductive system, such as 

infections of the reproductive tract, congenital anomalies, reproductive system malignancies, and sexual dysfunction. 

Obesity, hyperlipidemia, insulin resistance, hepatic steatosis, and hypertension are examples of metabolic disorders, 

which are diseases characterized by metabolic malfunction and abnormal energy homeostasis. Each disease has its 

specific physiological and clinical signs; they share some pathological aspects as over nutrition, which is commonly 

exacerbated by a modern, sedentary lifestyle, causes intracellular stress and inflammation due to metabolic disruption. 

Because of chemical therapies' adverse effects, natural products are becoming more popular as alternative options to 

chemical therapies. Nano sizing can improve the solubility, bioavailability, and effectiveness of any product. In this 

review, we discuss the relationship in some types of metabolic and reproductive disorders of both males and females by 

summarizing in vivo and in vitro studies and focusing on nano-natural products or their involvement in treatment. 

Suggesting further studies explaining the potential impact of some nano elements and molecular, metabolic parameters 

and their role in reproduction. Supplementing the female or male reproductive system would be highly advisable and 

valuable. 
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INTRODUCTION 

 

A metabolic disorder affects the body's ability to digest 

and distribute macronutrients including proteins, lipids, 

and carbohydrates . Metabolic disorders occur when the 

body's normal metabolic process is disrupted by abnormal 

chemical reactions. It can also be characterized as a 

hereditary single gene aberration, the majority of which are 

autosomal recessive (Zheng et al. 2021). Physical 

inactivity, cigarette smoking and an elevated BMI are all 

lifestyle risk factors. Other causes include hypertension, 

poor glucose metabolism and high blood pressure and 

cholesterol  concentration contribute to these disorders 

(Akhuemonkhan and Lazo 2017). Lethargy, weight loss, 

jaundice, and seizures are some of the signs of metabolic 

diseases. Symptoms would differ depending on the type of 

metabolic disease. Acute symptoms, late-onset acute 

symptoms, gradual general symptoms, and persistent 

symptoms are the four types of symptoms (Agana et al. 

2018; Mendrick et al. 2018). Inherited metabolic diseases 

are a type of metabolic disorder caused by a faulty gene that 

results in an enzyme deficit. Inborn errors of metabolism 

are a group of disorders with a variety of subtypes. When 

the liver or pancreas does not function properly, metabolic 

disorders might develop. Fig. 1 represented some types of 

metabolic disorders (Hernández-Granados et al. 2018). 

Any sickness or disorder that affects the human 

reproductive system is referred to as reproductive disorders . 

Improper hormone yielding via ovaries or testes, as well as 

other endocrine glands is among them . Genetic or congenital 

defects, infections, tumors, or disorders of unknown 

sources  can  all  cause  these diseases (Hutson et al. 2014) .
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Genetic abnormalities, genital anomalies, infections, 

structural differences, and cancers are the primary divisions 

of these disorders (Rawal and Austin 2015; Elshazly et al. 

2019). Symptoms of reproductive disorders are bleeding in 

between periods and within it, itching, burning of the 

genital area, and pain during sex, severe pelvic/abdominal 

pain, vaginal discharge, and frequent urination (Hutson et 

al. 2014). Common reproductive conditions for human 

females are anomalies of the clitoris,  vagina and uterus, 

abnormalities of menstrual cycle endometriosis,  cancers, 

polycystic ovarian syndrome  and diseases as AIDS, 

syphilis, gonorrhea, chlamydia, and genital herpes. And in 

men are pseudo hermaphroditism, anomalies of the penis, 

urethra, testes, prostate gland and seminal vesicles, 

Impotence, benign prostatic hyperplasia, Priapism, 

testicular cancer and prostate disease. Intersexuality 

syndrome as Klinefelter, Turner, and testicular 

feminization. Delayed and precocious puberty in both 

(Rawal and Austin 2015). Infertility is one of the most 

serious issues that is worsening by the day and endangering 

the human generation's future. Varicocele reduces sperm 

morphology and improves sperm count in people with 

aberrant morphology. Ovarian, cervical and prostate 

cancers are the deadliest of reproductive cancers. Some risk 

factors for this malignancy include age, history  of family 

and late menopause. While pregnant and breastfeeding, the 

likelihood of occurrence is reduced (Salehi et al. 2008). 

There is a relation between metabolic and reproductive 

disorders as diabetic complications can lead to some 

reproductive disorder as subfertility, delayed puberty or 

disturbance in the menstrual cycle. Reproductive 

difficulties can appear early in adolescence, later, or during 

the climacteric period, relying on the age at which diabetes 

is discovered. Decreased concentrations of LH, FSH and 

estradiol occurred in type 2 human studies (Gnanadass et 

al. 2021). 

Because of central hypogonadism, women with type 1 

diabetes sometimes have amenorrhoea, polycystic ovarian 

syndrome and hyperandrogenism, and infertility that can be 

controlled by insulin administration and improved 

metabolic disorder (Codner et al. 2012). Also, type 2 

diabetes is related to other reproductive disorders like 

obesity and insulin resistance related to polycystic ovarian 

syndrome due to improper lifestyle. Although pubertal 

breast development appears to be delayed in type 1 

diabetes, some people with type 1 diabetes still experience 

a small delay in menarche due to diabetic nephropathy and 

retinopathy (Calcaterra et al. 2021). The most common 

menstrual cycle abnormalities are oligomenorrhoea and 

prolonged cycle length that are related to patients with type 

1 and 2 diabetes, studies revealed that these disturbances 

are more than six times than normal women without 

diabetes. Disturbance in BMI, sex steroid and sex 

hormone-binding globulin concentrations is also related to 

type 2 diabetes (Thong et al. 2021). 

 

Mechanisms of Interactions between Diabetes and 

Reproductive Function 

Insulin plays a crucial role in the hypothalamic–

pituitary–gonadal axis so insulin insufficiency leads to 

hypogonadotropic and hypogonadism. Insulin promotes 

gonadotropin-releasing hormone (GnRH) release in cell 

lines obtained from hypothalamus cells (Edem et al. 2021). 

Hypogonadotropic hypogonadism and infertility are seen 

in knockout mice with a particular deletion of the brain 

insulin receptor. These animals respond to exogenous 

gonadotropin-releasing hormone injection by increasing 

LH concentrations, implying that the absence of insulin 

action lowers pituitary gonadotropin-releasing hormone 

release (Castellano et al. 2009). Uncontrolled 

hyperglycemia in animal models causes a catabolic 

condition with decreased fat mass and serum leptin 

concentrations, which inhibits central nervous system 

expression of kisspeptin, a key GnRH stimulant. 

Kisspeptin has been demonstrated to reverse 

hypogonadism after administration (Castellano et al. 2009). 

Insulin receptors are expressed in the ovary and bind 

to insulin-like growth factor 1 receptors, thus FSH and LH 

are secreted. Insulin has been found in vitro to trigger these 

receptors, and to produce more androgen, estrogen, and 

progesterone. Insulin and testosterone levels in the blood 

are associated, with insulin levels (Nandi and Poretsky 

2013). Diabetes has an impact on male reproductive 

function, by affecting the endocrine control of 

spermatogenesis, spermatogenesis itself, and 

compromising penile erection and ejaculation (Mohammad 

and Ameen 2021). The impacts have been studied in 

several studies. Diabetes is, however, a well-known cause 

of male sexual dysfunction. Previous research has put the 

prevalence of type 1 diabetes in subfertile men at around 

1%. A decline in sperm numbers and quality has been seen 

in animal research employing mouse models of 

streptozotocin-induced DM (Carvalho et al. 2021). 

When DM is induced in pre-pubertal animals, the 

related loss in infertility is more significant. Furthermore, 

in the BB Wistar rat, naturally occurring DM is linked to 

considerable loss of infertility, ruling out any putative 

confounding effects of diabetogenic drugs as a major cause. 

These findings back up the theory that DM affects male 

reproductive function (Komeilifard 2016). The 

gonadosomatic index (GSI) and the relative weights of the 

testis, epididymis and seminal vesicles were all 

significantly reduced in the streptozotocin (STZ) produced 

animal model of diabetes, indicating severe testicular 

injury (Adedara et al. 2015). 

Diabetic mice showed longer mounting latency (ML) 

and intromission latency (IL) but lower mounting 

frequency (MF) and intromission frequency (IF) in animal 

studies. Diabetes is known as one of the risk factors for 

reduced sexual function, but it may also be the most 

difficult to treat; nonetheless, many elements of its 

pathophysiology and therapy have yet to be extensively 

studied (Suresh and Prakash 2012). 

Insulin deficiency in STZ diabetic rats influenced 

spermatogenesis by altering serum FSH levels rather than 

directly impacting the seminiferous tubule epithelium . 

Previous research has found denatured and disintegrated 

sertoli cell cytoplasm in DM caused by intraperitoneal 

injection of streptozotocin (STZ) in animal models. As a 

result, both clinical and laboratory testing are required 

(Wagner et al. 2021). In an animal model of fertility, 

diabetic mice had a lower pregnancy rate, mating rate, and 

fertility index when compared to the control group, which 

had female mice mate with healthy male mice. These 

findings imply that diabetes can have a significant impact 

on male fertility (Nadi et al. 2021). 
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Table 1: Some nanoparticles of natural plant extract and corresponding pharmacological effects in some metabolic and reproductive disorders.  

Nanoparticles Model Benefits References 

TQ-loaded nanocapsule STZ-induced diabetic rats. Decrease blood glucose and HbA1c, Improvements in 

body weight and lipid profile. 

Rani et al. 

(2019) 

Capsicum Oleoresin 

nanoemulsion 

High-fat (HF)-diet-induced 

obesity in rats. 

↓Adipogenic gene expression, ↑PPAR-α, UCP2 and 

CPT-1α. 

Kim et al. 

(2014) 

Curcumin PLGA-based NPs 

with Q10 

STZ-induced diabetic rats. ↓CRP, IL-6, total cholesterol, ↓plasma triglycerides 

↑HDL. 

Devadasu et al. 

(2011) 

Emodin PEGMA-DMAEMA-

MAMMAM 

Nanomacromolecule 

T2DM induced by HF diet 

with low dose of STZ 

injection in rats. 

↓Upregulation of TNF-α protein,  2X3 receptor, and the 

phosphorylation of ERK1/2 in the DRG of T2DM. 

Li et al. 

(2017b) 

Gymnemic acid 

Nanosuspension 

Diabetes-induced rats. ↓Blood glucose levels. Ravichandran 

(2012) 

Scutellarin amphiphilic 

chitosan derivatives (Chit-DC-

VB12) 

Caco-2 cells and STZ 

induced diabetic rats. 

Downregulation of expression of VEGFR2, VEGF and 

vWF. 

Wang et al. 

(2017) 

Stevioside Pluronic-F-68 

copolymer-based PLA 

Nanoparticles 

In vitro release study.  ↑Intestinal absorption, bioavailability 

↑Biocompatibility controlled release. 

Li et al. 

(2017a) 

Resveratrol Nanocapsule HF-diet- induced diabetic 

Mice. 

Regulation of systolic and diastolic blood pressure. Shahraki et al. 

(2017) 

Marrubiin-SLNs Umbilical vein endothelial 

cells. 

Marrubiin nanoparticles are proposed as a 

preventive/therapeutic remedy against disorders elicited 

by increased levels of intracellular ROS in CVDs. 

Nakhlband et 

al. (2018) 

Nanostructured lipid carriers 

(NLCs) of Leonotis leonurus 

INS-1 cells. The plant extract encapsulated in NLC improved the 

uptake of glucose and enhanced the insulin sensitivity in 

vitro, compared to the extract. 

Odei-Addo et 

al. (2017) 

Ficus religiosa L. extract 

loaded solid lipid nanoparticles 

(SLN) 

Diabetes induced Wistar 

rats. 

SLN significantly reduced diabetes induced higher 

levels of blood glucose and increased diabetes induced 

lower level of plasma insulin. 

Priyanka et al. 

(2018) 

Curcumin Chitosan-coated 

solid lipid nanoparticles 

BALB/c mice. Administration prevents the onset of cancer. Thakkar et al. 

(2016) 

solid lipid nanoparticle 

suspensions of Plicosepalus 

acaciae and P. curviflorus, 

HF-diet- induced diabetic 

Mice. 

Significant blood glucose-lowering effect associated 

with antioxidant effects in the diabetic rats. 

Aldawsari et 

al. (2014) 

Poly (lactic-co-glycolic) acid 

(PLGA)-encapsulated nano- 

Syzygium jambolanum (NSJ) 

L6 cells and in mice. NSJ had a greater potential than that of SJ, and 

management of arsenic-induced hyperglycemia and 

stress. 

Samadder et 

al. (2012) 

Eysenhardtia polystachya-

loaded silver nanoparticles 

(EP/AgNPs) 

Pancreatic β cells, INS-1 

cells, and zebrafish. 

EP/AgNPs promote pancreatic β-cell survival, insulin 

secretion, enhanced hyperglycemia, and hyperlipidemia 

in glucose-induced diabetic zebrafish. EP/AgNPs also 

showed protection of the pancreatic β-cell line INS-1 

against hydrogen peroxide-induced oxidative injury. 

Campoy et al. 

(2018) 

AgNPs and leaf extract of 

Pouteria sapota 

Diabetes-induced rats . A significant reduction in blood sugar levels in rats 

treated with leaf extract or AgNPs.  

Prabhu et al. 

(2018) 

Nasturtium officinale and ZnO 

nanoparticles 

Alloxan-diabetic Wister 

rats. 

The application of Nasturtium officinale leaf extract can 

strongly empower ZnO nanoparticles towards superior 

antidiabetic and enhanced antibacterial activities. 

Bayrami et al. 

(2019) 

Copper nanoparticles supported 

on titania (CuNPs/TiO2), plant 

extracts (buckwheat 

(Fagopyrum esculentum) and 

vitex (Vitex agnus-castus) 

Ovarian cell. CuNPs/TiO2 can directly stimulate ovarian cell functions, 

promoting ovarian cell proliferation, apoptosis, turnover, 

viability, and steroid hormones release; the plants 

buckwheat and vitex, as well as rutin and apigenin, can 

promote some of these ovarian functions. 

Sirotkin et al. 

(2020) 

SLN containing myricitrin Adult male mice. Total antioxidant capacity and superoxide dismutase 

levels increased in diabetic mice. SLN containing 

myricitrin recovered LH, FSH, testosterone, and sperm 

count. Diabetes induced vacuoles and apoptosis in 

testicular cells, were improved. 

Oroojan et al. 

(2021) 

Terminalia arjuna Reduced 

Gold Nanoparticles 

Male Wistar rat. Effective significant recovery in the reproductive 

disorder caused due to acetaminophen toxicity. 

Mitra et al. 

(2020) 

Gadolinium orthovanadate 

nanoparticles 

Rats with neonatally-induced 

reproductive disease 

Restoring the quality of sperm and male fertility and 

improves reproductive potential. 

Belkina et al. 

(2017) 

 

One of the established pathways in diabetic 

reproductive damage is oxidative stress. Several studies 

have shown that oxidative stress plays a role in the 

development of diabetic reproductive system damage and 

that antioxidants can help. According to the evidence, 

oxidative stress was the primary cause of the testicular 

malfunction, which resulted in male hypogonadism and 

infertility (Allam et al. 2021). Hyperglycemia boosted 

mitochondrial glucose oxidation by releasing a large 

amount of superoxide and other free radicals into the 

cytoplasm, according to a study. The principal source of 

ROS    in    the    testes    is   NADPH   oxidase   (NOX),  
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Fig. 1: The congenital and acquired metabolic disorders 

(Hernández-Granados et al. 2018 (. 
 

 
 

Fig. 2: Mechanisms of interactions between type 2 diabetes and 

reproductive function (Thong et al. 2020).  

 

 
 

Fig. 3: Schematic diagram of endocrine effects on spermato-

genesis (Shi et al. 2017). 
 

which generates an electron current that passes from 

intracellular NADPH to oxygen, resulting in superoxide 

production  (Miguel-Jiménez et al. 2021).  Endothelin (ET) 

is required for the modulation of testicular activity, which 

increases ROS generation by activating NADPH oxidase, 

as seen in germ cells. This imbalance between the 

generation  of   reactive  oxygen   species  (ROS)   and   their  

 
 

Fig. 4: The relationship between diabetes-mediated oxidative 

stress (mitochondrial dysfunction and ER stress) and the onset of 

diabetic reproductive damages (Shi et al. 2017). 
 

 
 

Fig. 5: BBR's major method of action against PCOS is to block 

androgen binding to AR while promoting insulin binding to 

insulin receptors. Furthermore, the action of BBR on lipid 

metabolism is an intermediary connection that alters insulin 

binding to its receptor  .Furthermore, greater insulin sensitivity can 

prevent androgen from binding to AR (Zhang et al. 2021). 
 

degradation eventually leads to germ cell death and 

spermatogenesis failure (Brewer et al. 2011). 

Plant extracts have a long history of being used to treat 

infertility, sexual dysfunction, and other reproductive 

diseases. Plant active components such as phenols, 

alkaloids, flavonoids, terpenoids, tannins, and saponins 

improve the reproductive system in animals, according to 

science. Medicines that lower blood glucose, TGs, and 

blood pressure, as well as lifestyle changes, are common 

treatments for metabolic disorders. However, these drugs 

have side impacts. Nanoformulation of natural and 

synthetic substances can be used to reduce these side 

effects and increase therapeutic delivery efficiency (Kaur 

2014). A therapeutic method is to use nanosized the drug 

made up  of  phytochemicals  with  good  pharmacological 

and pharmacokinetic properties. The nano-vehicles have 

unique qualities such as increased medication 

bioavailability and solubility, reduced systemic side 

effects, increased time in circulation, and preferential 

aggregation in the body (Torchilin 2006). Therefore, 

different plants including curcumin, berberine, Centella 

Asiatica,  Hemidesmus  indicus,  Celastrus  paniculatus and  
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Fig. 6: Effects of resveratrol on ovaries and endometrium. 

Resveratrol increases the production of SIRT1 in the ovary, which 

is linked to protection against oxidative and glycation stress. 

Furthermore, it improves ovarian function by activating 

telomerase activity and mitochondrial function. Resveratrol 

inhibits decidual senescence and decidualization by speeding up 

the downregulation of the CRABP2-RAR pathway in the 

decidualized endometrium (Ochiai and Kuroda 2020). 
 

Hibiscus rosa-sinensis and others have been used in diverse 

strategies for curing and prevention of metabolic and 

reproductive disorders (Hossen et al. 2016; Taghipour et al. 

2019). 

 

Curcumin 

Curcumin, a polyphenol derived from turmeric 

(Curcuma longa): related to the curcuminoid group of 

polyphenols having anticancer, antioxidant, anti-

inflammatory, hypolipidemic, and anticarcinogenic 

properties. Curcumin's low water solubility is a concern 

that needs to be resolved by formulating this phytochemical 

in a nanosized structure (Ashtary-Larky et al. 2021). 

Curcumin-loaded on nanomicelles pluronic were 

created and characterized for the elimination of diabetes in 

another study because they significantly increased the 

expression of the genes of Pdx-1 and NKx6.1, which are 

essential transcription factors in the expression of the 

insulin gene (El-Far et al. 2017). Nanoemulsion of 

curcumin was produced as an antihypercholesterolemic 

and antihypertensive drug in another study. In an in vitro 

investigation, the efficiency of curcumin versus 

hypertension was evaluated via ACE suppression 

(Rachmawati et al. 2016). In the therapy of cancer, 

cardiovascular, and neurological illnesses, 

nanoformulations of curcumin have shown therapeutic 

benefits over free curcumin (Gera et al. 2017). Increased 

MMP-2/TIMP-2 ratio was directly connected to 

endometriotic development, which was slowed by 

curcumin pretreatment (Jana et al. 2012). Through the 

reduction of the inflammatory response, nano curcumin can 

prevent the production of anti-sperm antibodies in 

testicular injuries (Pramudhito et al. 2021). Nanocurcumin 

has promising potential against polycystic ovary 

syndrome-related pancreatic molecular and histological 

pathologies via decreasing oxidative indicators, glycemic 

indices, and TNF-α level considerably. It restored normal 

sex hormonal levels by restoring PI3K/AKT/mTOR levels, 

alleviating insulin resistance, and preserving islet intact 

(Abuelezz et al. 2020). 

 

Berberine (BBR) 

BBR is a benzylisoquinoline alkaloid found in the 

Coptis chinensis plant. Infections in the intestine, 

hypertension, cardiac failure and arrhythmia, tumors, 

increasing cholesterol level, and diabetes have all been 

treated with BBR (Xu et al. 2021). BBR treatment 

enhanced TG levels, obesity, and insulin-resistant animals, 

according to studies. BBR increases genes expression 

related to energy utilization while decreasing the one 

related to lipogenesis. BBR that has been nano formulated 

is proved to have a higher bioavailability greater than that 

of simple BBR (Xue et al. 2013). 

The cytoprotective effects of O-hexadecyldextran 

encapsulated BBR NPs on rat primary hepatocytes induced 

apoptosis were investigated. PCSK-9 mRNA was efficiently 

regulated by oral administration of a nanoformulation made 

from PLGAPEG-PLGA copolymers containing BBR 

chloride for the treatment of elevated LDL cholesterol 

(Kapoor et al. 2014). The use of NPs of BBR and bulk 

formulations of BBR significantly improve obesity and 

increase insulin homeostasis also fasting blood glucose level, 

and resistance evaluated (Ochin and Garelnabi 2018). Intake 

of BBR corrected some metabolic and hormonal 

abnormalities in PCOS-affected women (Wei et al. 2012). 

BBR has been shown to decrease the level of androgen in 

rats and PCOS people. Many studies have shown that BBR 

can raise sex hormone-binding globulin levels, which helps 

to stabilize androgen levels and alleviate hyperandrogenism 

signs including acne and hairiness in patients (Maliqueo et 

al. 2007; Zhang et al. 2021). 

 

Naringenin 

Naringenin known also as 5,7,4'-trihydroxyflavanone 

belongs to the flavanone family of flavonoids found in 

grapefruit, oranges and most vegetables. Also act against 

inflammation, mutation hyperglycemia and oxidation 

(Arafah et al. 2020). Naringenin is poorly dissolved in 

water and poorly absorbed through the intestine because 

the action of many enzymes leads to rapid clearance in the 

gut and liver. As a result, nano sizing this substance by 

loading onto NPs, or encapsulating it in a nanoformulation 

is a strong technique for improving its targeting and 

absorption. In STZ-induced diabetic rats, core-shell NPs 

loaded with naringenin revealed no toxicity or harm to cells 

and had good anti-diabetic benefits after oral 

supplementation (Maity et al. 2017). 

Naringenin enhanced the production of reactive 

oxygen species and lipid peroxidation in the testis, resulting 

in a dose-dependent decrease in sperm count and motility. 

It also acts as a pro-oxidant, causing damage to testicular 

tissue (Ranawat and Bakshi 2017). Caspase 3 decreased 

and enhancing anti-apoptotic (Bcl-2) genes by naringenin 

at and increased the quality and fertility of rooster sperm 

after thawing (Mehdipour et al. 2020). It also blocked 

gonadotoxicity-induced Cisplatin and doxorubicin in male 

rats (Fouad et al. 2019). 

 
Ginseng 

Ginseng is a plant that grows in Korea, northeastern 

China; it has possible impacts on memory, fatigue, 



Int J Vet Sci, 2023, 12(1): 7-17. 
 

 12 

menopause symptoms, atherosclerosis, erectile disorder, 

immune disorders, cancer disease, and stress physiology 

and insulin response in people with mild diabetes (Chen et 

al. 2019; Sung et al. 2005). Plant nanoparticles are helping 

to improve drug bioactivity within cells and tissues by 

acting as less toxic and efficient carriers for delivery. 

Furthermore, supplementation with KRG extract has been 

shown to improve testicular function, sperm viability, and 

sperm quality in guinea pigs (Linjawi 2015). According to 

a study, Panax ginseng and Panax ginseng nanoparticles 

administration improved male rat fertility by increasing 

serum-free testosterone, LH, and FSH secretion and 

decreasing sperm abnormalities. Furthermore, Panax 

Ginseng treatment reduced DNA damage and enhanced 

fertility gene expression levels (Kim et al. 1999). 

 

Myricitrin 

Myricitrin known as myricetin-3-O-rhamnosid is a 

flavonol glycoside found in plants that are extracted . Anti-

nociceptive, anxiolytic, antioxidant, anti-carcinogenic and 

anti-inflammatory properties are all found in myricitrin. It 

is regarded as an essential supplement in medicine due to 

its high antioxidant activity (Sun et al. 2014; Devi et al. 

2015). SLNs containing myricitrin were found to protect 

against cytotoxicity caused via streptozocin 

supplementation. In addition, SLNs containing myricitrin 

were found to have antioxidant and anti-diabetic properties 

in a diabetic animal STZ-nicotinamide and cell of male 

mouse myotube (Ahangarpour et al. 2018). Diabetes 

caused reproductive problems by increasing oxidative 

stress and lowering antioxidant capacity; however, 

myricitrin or SLN containing myricitrin relieved these 

symptoms (Oroojan et al. 2021). 

 

Resveratrol 

Resveratrol also named 3,5,4-trihydroxylstilbene is a 

polyphenol found in grapes and nuts that exhibits anti-

inflammatory, strong antioxidant, antiplatelet, analgesic, 

neuroprotective, cardioprotective, and antiaging properties. 

It has a significant impact on glucose metabolism and 

oxidative stress. Resveratrol appears to be a viable adjuvant 

therapy for type 2 diabetes management (Bremer 2014). 

The nanoliposomes loaded with resveratrol were 

covalently PEGylated to improve plasma half-life and 

residence time. Liposomes increased levels of GSH-Px and 

SOD that are ROS-inactivating enzymes; these NPs protect 

and help in the treatment of patients with type 2 diabetes 

mellitus (Yücel et al. 2018). Another NPs combination had 

resveratrol was formed, and the effect of this formulation 

on mice with metabolic disorders was studied. The results 

showed that mice treated with nanocapsules had their 

systolic and diastolic blood pressures controlled (Shahraki 

et al. 2017; Sobhy et al. 2021). 

Resveratrol has been shown to have an inhibiting 

effect on female reproductive processes in several studies. 

The rat sociosexual behavior was impacted by Resveratrol. 

It interrupts the ovarian cycle and lowers ovarian weight, 

ovarian follicular development, and the number of ovarian 

follicles were demonstrated in rats in vivo. It inhibited 

DNA synthesis and, as a result, cell growth in cultured 

ovarian cells (Ortega and Duleba 2015; Macedo et al. 2017; 

Sirotkin et al. 2019). Gold nanoparticles added to 

resveratrol enhanced anti-tumor potency versus breast, 

pancreatic and prostate cancers via its anti-angiogenesis 

character of AuNPs and the phytochemical (Thipe et al. 

2019). 

 

Quercetin (QUE) 

QUE is an antioxidant and anti-inflammatory 

flavonoid present in foods as onions, citrus fruits, apples, 

and tea . QUE affects adipokinesis and lipolysis via 

mitochondrial mechanisms. Some reports revealed that 

QUE decreased blood pressure, insulin resistance, and 

cholesterol (Leiherer et al. 2016). Poly (ethylene glycol) - 

block - (poly (ethylenediaminel - glutamate) - graft - poly 

(-benzyloxycarbonyl-l-lysine)) with QUE was synthesized 

in a study and its abilities in the form of nanosized 

complexes were investigated in several models in diabetic 

nephropathy (Tong et al. 2017). 

In diabetic mice, the administration of these NPs 

reduced fasting blood glucose levels. The production of 

lipid peroxidation products was reduced by QUE (Alam et 

al. 2016). In mice, QUE in conjunction with other 

antioxidants such as rutin and resveratrol, as well as QUE 

nanoemulsion, reduced inflammation, decrease pain, and 

regulate apoptosis generated by oxaliplatin, and protected 

the brain and liver (Schwingel et al. 2014). QUE has a 

cytotoxic impact on cancer cells line of ovarian and 

prostate in several models. Specific oncogenes and genes 

governing the G1, S, G2, and M stages of the cell cycle 

were strongly suppressed by quercetin (Nair et al. 2004; 

Vafadar et al. 2020). On ovarian cancer cell line named PA-

1, QUE may have a synergistic effect with gefitinib's anti-

cancer properties. Furthermore, it was discovered that QUE 

reduced the viability in a dose and time-dependent 

mechanism of ovarian cancer cells. QUE regulates the 

intrinsic apoptotic pathway, causing anti-apoptotic genes 

like Bcl-2 and Bcl-xL to be suppressed while pro-apoptotic 

elements like caspase-3 -9, cyto-c, Bid, Bad, and Bax are 

enhanced in expression (Teekaraman et al. 2019). 

 

Thymoquinone (TQ) 

Thymoquinone (TQ) is an antioxidant, anti-

inflammatory, neuroprotective, anti-allergic, anti-viral, 

anti-diabetic, and anti-carcinogenic chemical found in the 

Nigella Sativa plant. This compound is an antioxidant 

phytochemical that scavenges free oxygen radicals, 

particularly superoxide anion and hydroxyl radicals 

(Ashraf et al. 2011). After ischemia and reperfusion, TQ 

improves histological changes in testicular tissue as well as 

the rate of apoptosis. TQ protects the testicles against the 

damaging consequences of obesity by raising healthy 

sperm count and lowering sperm abnormalities, according 

to another study studying the effect of obesity on testicular 

tissue and sperm parameters. TQ's antioxidant activities 

have been found in another investigation to prevent 

methotrexate-induced histopathological alterations. In the 

medical treatment of varicocele, thymoquinone has the 

potential to be employed as a preventive and therapeutic 

pharmacological agent (Tufek et al. 2015). 

The nano-drug delivery system improves the 

bioavailability of orally delivered therapeutic agents, 

allows for target-specific drug delivery, and extends the 

half-life of parenteral medications. TQ is the main active 

element in Nigella sativa and has been used in a variety of 

nano-formulations to test its pharmacological effectiveness 
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against a variety of human ailments, including cancer, 

hypertension (HTN): diabetes, allergies, eczema, and 

immunogenic disorders. The very hydrophobic property of 

TQ limits its solubility and bioavailability, which is a major 

challenge in producing TQ-based nanoformulation (Khan 

et al. 2021). Antitumor activities have been discovered in 

TQ. To increase TQ bioavailability and cytotoxicity, TQ 

nanostructured lipid carrier (TQ-NLC) was formed. These 

NPs has a cytotoxic impact on breast cancer (MDA-MB-

231 and MCF-7) and cervical cancer cell lines in cell line 

HeLa and SiHa. Cell cycle arrest was also triggered by TQ-

NLC.TQ-NLC was most cytotoxic against breast cell lines 

than cervical cancer cell lines (Keat 2015). 

 

Stevioside 

Stevioside is a glycoside- extracted from the Stevia 

rebaudiana plant's leaves (Goyal et al. 2010). This 

substance is anti-diabetic . Many studies have shown that 

stevioside has a significant response on the kidney and 

metabolism of glucose (Kujur et al. 2010). Stevioside 

treatment inhibited OVCAR-3 cell growth and produced 

cytotoxicity, both dose and time-dependently, and was 

related to increased ROS generation in the cell, indicating 

the onset of apoptosis. Furthermore, the drop in 

mitochondrial membrane potential indicated that the cell 

was affected by the stevioside-induced intrinsic apoptotic 

pathway. After stevioside supplementation, the levels of 

caspase-3, -9 in OVCAR-3 cancer cells enhanced. 

Furthermore, a flow cytometric analysis revealed 

stevioside's apoptotic activity and cell stop in the G2/M 

phase. The inhibition of the P13K/AKT signaling pathway 

was also discovered (Li et al. 2017a). This compound's 

nano-bioconjugation with Pluronic-F-68-based Polylactic 

acid (PLA) NPs was found to be effective in overcoming 

poor intestinal absorption and increasing bioavailability. 

This NPs formulation revealed strong anti-diabetic efficacy 

in streptozotocin-induced rats (Barwal et al. 2013). 

 

Eurycoma Longifolia 

The herb Eurycoma longifolia, a Southeast Asian 

native, has traditionally been used to cure a variety of 

diseases including tachycardia, malaria, fever, and 

reproductive problems. In the test animals, the herbal 

extract produced the anticipated benefits in terms of 

aphrodisiac, sexual prowess, and fertility. Furthermore, 

chemicals identified in the plant have been shown to boost 

testosterone levels, sperm concentration, and sperm quality 

in rats (Bhat and Karim 2010). The bioactive components 

present in its roots, the bulk of which are quassinoids, such 

as eurycomanone, 13 (21)- epoxyeurycomanone, and 

eurycomanol, 13, 21-dihydroeurycomanone, are 

responsible for these qualities. Eurycomanone (C20H24O9) 

is a significant quassinoid found in E. longifolia root 

extracts that improve animal reproduction. This substance 

inhibits the enzymes aromatase and phosphodiesterase, 

which are required for estradiol synthesis, increasing 

testosterone production (Low et al. 2013). 

When given orally or intravenously, this chemical has 

a limited bioavailability and half-life. To counteract this, 

the chemical was conjugated with chitosan nanoparticles to 

extend the duration of its impact. This compound proved to 

increase gonadal development, as evidenced by a higher 

GSI value. The eurycomanone nanoparticles were 

discovered to boost testosterone and reproduction success 

by acting on genes involved in steroid synthesis and 

metabolism in the gonads, as well as FSH and LH in the 

brain (Bhat et al. 2019a; Low et al. 2005). The effect of 

chitosan-conjugated EN in female fish was investigated 

and showed downregulation in different treatment groups, 

the mRNA expression of the genes implicated in the HPG 

axis was elevated. When compared to the control group, 

which had somewhat fully mature eggs, 17-estradiol levels 

were lower in EN treated groups, and the ovary contained 

eggs in the embryonic stage. According to the findings, EN 

is unlikely to be used in females for gonadal development. 

The cause is a decrease in the hormone estradiol, which is 

necessary for ovarian function and the development of 

female secondary sexual characteristics (Bhat et al. 2019b). 

 

Costus Speciosus 

Costus speciosus a medicinal herb from India belongs 

to the Costaceae (Zingiberaceae) family. It acts as an anti-

inflammatory, anti-hyperlipidemic, anti-diabetic, and liver-

protective drug. In the STZ- diabetic rat model, extracts of 

C. speciosus rhizome in ethyl acetate, hexane, and methyl 

alcohol dramatically lowered plasma glucose levels. 

Diabetes-induced hyperglycemia, body weight loss and 

testicular injury were considerably improved with a lower 

dose of NPs C. speciosus (Bahshwan et al. 2019). 

 

Conclusions and Future Prospective 

This review summarized several studies about the 

protective effects of some nano natural plants or their 

involvement in treatment and controlling some 

reproductive and metabolic disorders. Other studies should 

be done in different models in comparison with other 

treatments and also the crude plant. Suggesting further 

studies explaining the potential impact of some nano 

elements and molecular metabolic parameters and their role 

in reproduction. Its supplementation on the female or male 

reproductive system would be highly advisable and 

valuable. 

 

REFERENCES 

 
Abuelezz NZ, Shabana ME, Abdel-Mageed HM, Rashed L and 

Morcos GNB, 2020. Nanocurcumin alleviates insulin 

resistance and pancreatic deficits in polycystic ovary 

syndrome rats: Insights on PI3K/AkT/mTOR and TNF-α 

modulations. Life Sciences 256: 118003. 

https://doi.org/10.1016/j.lfs.2020.118003  

Adedara IA, Awogbindin IO, Anamelechi JP and Farombi EO, 

2015. Garcinia kola seed ameliorates renal, hepatic, and 

testicular oxidative damage in streptozotocin-induced 

diabetic rats. Pharmaceutical Biology 53: 695-704. 

https://doi.org/10.3109/13880209.2014.937504     

Agana M, Frueh J, Kamboj M, Patel DR and Kanungo S, 2018. 

Common metabolic disorder (inborn errors of metabolism) 

concerns in primary care practice. Annals of Translational 

Medicine 6: 469. https://doi.org/10.21037/atm.2018.12.34  

Ahangarpour A, Oroojan AA, Khorsandi L, Kouchak M and 

Badavi M, 2018. Solid lipid nanoparticles of myricitrin have 

antioxidant and antidiabetic effects on streptozotocin-

nicotinamide-induced diabetic model and myotube cell of 

male mouse. Oxidative Medicine and Cellular Longevity 

2018: 7496936. https://doi.org/10.1155/2018/7496936  

Akhuemonkhan E and Lazo M, 2017. Association between family 

history of diabetes and cardiovascular disease and lifestyle 

https://doi.org/10.1016/j.lfs.2020.118003
https://doi.org/10.3109/13880209.2014.937504
https://doi.org/10.21037/atm.2018.12.34
https://doi.org/10.1155/2018/7496936


Int J Vet Sci, 2023, 12(1): 7-17. 
 

 14 

risk factors in the United States population: the 2009–2012 

National Health and Nutrition Examination Survey. 

Preventive Medicine 96: 129-134. https://doi.org/10.1016/ 

j.ypmed.2016.12.015    

Alam MM, Abdullah K, Singh BR, Naqvi AH and Naseem I, 

2016 . Ameliorative effect of quercetin nanorods on diabetic 

mice: mechanistic and therapeutic strategies. RSC Advances 

6: 55092–55103. https://doi.org/10.1039/C6RA04821H    

Aldawsari HM, Hanafy A, Labib GS and Badr JM, 2014. 

Antihyperglycemic activities of extracts of the mistletoes 

Plicosepalus acaciae and P. curviflorus in comparison to 

their solid lipid nanoparticle suspension formulations. 

Zeitschrift für Naturforschung C 69: 391-398. 

https://doi.org/10.5560/znc.2014-0047  

Allam MA, Khowailed AA, Elattar S and Mahmoud AM, 2021. 

Umbelliferone ameliorates oxidative stress and testicular 

injury, improves steroidogenesis and upregulates 

peroxisome proliferator-activated receptor gamma in type 2 

diabetic rats. Journal of Pharmacy and Pharmacology  

rgab083. https://doi.org/10.1093/jpp/rgab083  

Arafah A, Rehman MU, Mir TM, Wali AF, Ali R, Qamar W, 

Khan R, Ahmad A, Aga SS, Alqahtani S and Almatroudi 

NM, 2020. Multi-therapeutic potential of naringenin (4′, 5, 

7-trihydroxyflavonone): experimental evidence and 

mechanisms. Plants 9: 1784. https://doi.org/10.3390/plants 

9121784  

Ashraf SS, Rao MV, Kaneez FS, Qadri S, Al-Marzouqi AH, 

Chandranath IS and Adem A, 2011. Nigella sativa extract as 

a potent antioxidant for petrochemical-induced oxidative 

stress. Journal of Chromatographic Science 49: 321–326. 

https://doi.org/10.1093/chrsci/49.4.321  

Ashtary-Larky D, Rezaei Kelishadi M, Bagheri R, Moosavian SP, 

Wong A, Davoodi SH, Khalili P, Dutheil F, Suzuki K and 

Asbaghi O, 2021. The effects of nano-curcumin 

supplementation on risk factors for cardiovascular disease: 

A grade-assessed systematic review and meta-analysis of 

clinical trials. Antioxidants 10: 1015. https://doi.org/ 

10.3390/antiox 10071015  

Bahshwan SM, Rabah SOA and Turkistani AM, 2019. A 

comparative study of the effect of crude and nanoparticles 

Costus Speciosus on testicular damage associated to 

experimentally induced type 2 diabetes. Pharmacophore 10: 

99-106. 

Barwal I, Sood A, Sharma M, Singh B and Yadav SC, 2013. 

Development of stevioside pluronic-F-68 copolymer based 

PLA-nanoparticles as an antidiabetic nanomedicine. 

Colloids and Surfaces B: Biointerfaces 101: 510 –516. 

https://doi.org/10.1016/j.colsurfb.2012.07.005  

Bayrami A, Ghorbani E, Pouran SR, Habibi-Yangjeh A, Khataee 

A and Bayrami M, 2019. Enriched zinc oxide nanoparticles 

by Nasturtium officinale leaf extract: Joint ultrasound-

microwave-facilitated synthesis, characterization, and 

implementation for diabetes control and bacterial inhibition. 

Ultrasonics Sonochemistry 58: 104613. https://doi.org/ 

10.1016/j.ultsonch.2019.104613  

Belkina IO, Smolenko NP, Klochkov VK, Malukin YV, 

Chistyakova EE, Karpenko NA and Karachentsev YI, 2017. 

The assessment of gadolinium orthovanadate nanoparticles 

value for neonatally-induced reproductive disease in male 

rats. International Journal of Physiology and 

Pathophysiology 8. https://doi.org/10.1615/IntJPhys 

Pathophys.v8.i4.20  

Bhat IA, Ahmad I, Mir IN, Bhat RAH, Babu G, Goswami M and 

Sharma R, 2019a. Chitosan-eurycomanone nanoformulation 

acts on steroidogenesis pathway genes to increase the 

reproduction rate in fish. The Journal of Steroid 

Biochemistry and Molecular Biology 185: 237-247. 

https://doi.org/10.1016/j.jsbmb.2018.09.011  

Bhat IA, Ahmad I, Mir IN, Yousf DJ, Ganie PA, Bhat RAH, Babu 

G and Sharma R, 2019b. Evaluation of the in vivo effect of 

chitosan conjugated eurycomanone nanoparticles on the 

reproductive response in female fish model. Aquaculture 

510: 392-399. https://doi.org/10.1016/j.aquaculture.2019. 

06.002  

Bhat R and Karim AA, 2010. Tongkat Ali (Eurycoma longifolia 

Jack): a review on its ethnobotany and pharmacological 

importance. Fitoterapia 81: 669-679. https://doi.org/ 

10.1016/j.fitote.2010.04.006  

Bremer AA, 2014. Resveratrol use in metabolic syndrome. 

Metabolic Syndrome and Related Disorders 12: 493–495. 

https://doi.org/10.1089/met.2014.1505  

Brewer J, Wallace K, Roberts L, Ray L, Martin J, LaMarca B, 

Wallukat G and Dechend R, 2011. AT1-AA increases AngII-

induced ET-1 and ROS. American Journal of Obstetrics & 

Gynecology 204: S300. https://doi.org/10.1016/j.ajog. 

2010.10.785    

Calcaterra V, Nappi RE, Pelizzo G, De Silvestri A, Albertini R, 

De Amici M, Tenuta E , Vinci F, Mameli C and Zuccotti G, 

2021. Insulin resistance and potential modulators of ovarian 

reserve in young reproductive-aged women with obesity and 

type 1 diabetes. Gynecological Endocrinology 37: 823-830. 

https://doi.org/10.1080/09513590.2021.1940127  

Campoy AH, Gutierrez RM, Manriquez-Alvirde G and Ramirez 

AM, 2018. Protection of silver nanoparticles using 

Eysenhardtia polystachya in peroxide-induced pancreatic β-

cell damage and their antidiabetic properties in zebrafish. 

International Journal of Nanomedicine 3: 2601. 

https://doi.org/10.2147/IJN.S163714  

Carvalho MG, Silva KM, Aristizabal VH, Ortiz PE, Paranzini CS, 

Melchert A, Amaro JL and Souza FF, 2021. Effects of 

Obesity and Diabetes on Sperm Cell Proteomics in Rats. 

Journal of Proteome Research 20: 2628-2642. 

https://doi.org/10.1021/acs.jproteome.0c01044  

Castellano JM, Navarro VM, Roa J, Pineda R, Sánchez-Garrido 

MA, García-Galiano D, Vigo E, Dieguez C, Aguilar E, 

Pinilla L and Tena-Sempere M, 2009. Alterations in 

hypothalamic KiSS-1 system in experimental diabetes: early 

changes and functional consequences. Endocrinology 150: 

784–794.   https://doi.org/10.1210/en.2008-0849  

Chen W, Balan P and Popovich DG, 2019. Review of ginseng 

anti-diabetic studies. Molecules 24: 4501. 

https://doi.org/10.3390/molecules24244501  

Codner E, Merino PM and Tena-Sempere M, 2012. Female 

reproduction and type 1 diabetes: from mechanisms to 

clinical findings. Human Reproduction Update 8: 568-585. 

https://doi.org/10.1093/humupd/dms024  

Devadasu VR, Wadsworth RM and Kumar MR, 2011. Protective 

effects of nanoparticulate coenzyme Q 10 and curcumin on 

inflammatory markers and lipid metabolism in 

streptozotocin-induced diabetic rats: a possible remedy to 

diabetic complications. Drug Delivery and Translational 

Research 1: 448–455. https://doi.org/10.1007/s13346-011-

0041-3   

Devi KP, Rajavel T, Habtemariam S, Nabavi SF and Nabavi SM, 

2015. Molecular mechanisms underlying anticancer effects 

of myricetin. Life Sciences 142: 19-25.  https://doi.org/ 

10.1016/j.lfs.2015.10.004  

Edem EE, Nathaniel BU, Nebo KE, Obisesan AO, Olabiyi AA, 

Akinluyi ET and Ishola AO, 2021. Lactobacillus plantarum 

mitigates sexual-reproductive deficits by modulating insulin 

receptor expression in the hypothalamic-pituitary-testicular 

axis of hyperinsulinemic mice. Drug Metabolism and 

Personalized Therapy. https://doi.org/10.1515/dmpt-2021-

1000195  

El-Far YM, Zakaria MM, Gabr MM, El Gayar AM, Eissa LA and 

El- Sherbiny IM, 2017. Nanoformulated natural therapeutics 

for management of streptozotocin-induced diabetes: 

potential use of curcumin nanoformulation . Nanomedicine 

12: 1689–1711. https://doi.org/10.2217/nnm-2017-0106  

https://doi.org/10.1016/%20j.ypmed.2016.12.015
https://doi.org/10.1016/%20j.ypmed.2016.12.015
https://doi.org/10.1039/C6RA04821H
https://doi.org/10.5560/znc.2014-0047
https://doi.org/10.1093/jpp/rgab083
https://doi.org/10.3390/plants%209121784
https://doi.org/10.3390/plants%209121784
https://doi.org/10.1093/chrsci/49.4.321
https://doi.org/%2010.3390/antiox%2010071015
https://doi.org/%2010.3390/antiox%2010071015
https://doi.org/10.1016/j.colsurfb.2012.07.005
https://doi.org/%2010.1016/j.ultsonch.2019.104613
https://doi.org/%2010.1016/j.ultsonch.2019.104613
https://doi.org/10.1615/IntJPhys%20Pathophys.v8.i4.20
https://doi.org/10.1615/IntJPhys%20Pathophys.v8.i4.20
https://doi.org/10.1016/j.jsbmb.2018.09.011
https://doi.org/10.1016/j.aquaculture.2019.%2006.002
https://doi.org/10.1016/j.aquaculture.2019.%2006.002
https://doi.org/%2010.1016/j.fitote.2010.04.006
https://doi.org/%2010.1016/j.fitote.2010.04.006
https://doi.org/10.1089/met.2014.1505
https://doi.org/10.1016/j.ajog.%202010.10.785
https://doi.org/10.1016/j.ajog.%202010.10.785
https://doi.org/10.1080/09513590.2021.1940127
https://doi.org/10.2147/IJN.S163714
https://doi.org/10.1021/acs.jproteome.0c01044
https://doi.org/10.1210/en.2008-0849
https://doi.org/10.3390/molecules24244501
https://doi.org/10.1093/humupd/dms024
https://doi.org/10.1007/s13346-011-0041-3
https://doi.org/10.1007/s13346-011-0041-3
https://doi.org/%2010.1016/j.lfs.2015.10.004
https://doi.org/%2010.1016/j.lfs.2015.10.004
https://doi.org/10.1515/dmpt-2021-1000195
https://doi.org/10.1515/dmpt-2021-1000195
https://doi.org/10.2217/nnm-2017-0106


Int J Vet Sci, 2023, 12(1): 7-17. 
 

 15 

Elshazly MO, Abd El-Rahman SS, Hamza DA and Ali ME, 2019. 

Prevalence of non-neoplastic ovarian disorders in non-

pregnant she-camels (Camelus dromedaries) and their 

correlation to bacteriological isolation. International Journal 

of Veterinary Science 8: 20-27. 

Fouad AA, Refaie MM and Abdelghany MI, 2019. Naringenin 

palliates cisplatin and doxorubicin gonadal toxicity in male 

rats. Toxicology Mechanisms and Methods 29: 67-73. 

https://doi.org/10.1080/15376516.2018.1512180  

Gera M, Sharma N, Ghos, M, Huynh D, Lee SJ, Min T, Kwon T 

and Jeong DK, 2017. Nanoformulations of curcumin: an 

emerging paradigm for improved remedial application. 

Oncotarget 8: 66680. https://doi.org/10.18632/oncotarget. 

19164  

Gnanadass SA, Prabhu YD and Gopalakrishnan AV, 2021. 

Association of metabolic and inflammatory markers with 

polycystic ovarian syndrome (PCOS): an update. Archives 

of Gynecology and Obstetrics 303: 631-643. 

https://doi.org/10.1007/s00404-020-05951-2  

Goyal SK, Samsher GRK and Goyal RK, 2010. Stevia (Stevia 

rebaudiana)  a bio-sweetener: a review. International Journal 

of Food Sciences and Nutrition 61: 1–10. https://doi.org/ 

10.3109/09637480903193049  

Hernández-Granados MJ, Ramírez-Emiliano J and Franco-Robles 

E, 2018. Rodent models of obesity and diabetes. 

Experimental Animal Models of Human Diseases: An 

Effective Therapeutic Strategy 105 . http://dx.doi.org/ 

10.5772/intechopen.74595   

Hossen MJ, Uddin MB, Ahmed SSU, Yu ZL and Cho JY, 2016. 

Traditional medicine/plants for the treatment of reproductive 

disorders in Asia Nations. Pakistan Veterinary Journal 36: 

127-133. 

Hutson JM, Grover SR, O'connell M and Pennell SD, 2014. 

Malformation syndromes associated with disorders of sex 

development. Nature Reviews Endocrinology 10: 476-487. 

http://dx.doi.org/10.1038/nrendo.2014.83   

Jana S, Rudra DS, Paul S and Swarnakar S, 2012. Curcumin 

delays endometriosis development by inhibiting MMP-2 

activity. Indian Journal of Biochemistry & Biophysics 49: 

342-348. 

Kapoor R, Singh S, Tripathi M, Bhatnagar P, Kakkar P and Gupta 

KC, 2014. O-hexadecyl-dextran entrapped berberine 

nanoparticles abrogate high glucose stress induced apoptosis 

in primary rat hepatocytes. PLoS One 9: e89124. 

https://doi.org/10.1371/journal.pone.0089124  

Kaur JA, 2014. Comprehensive review on metabolic syndrome. 

Cardiology Research and Practice 2014. https://doi.org/ 

10.1155/2014/943162  

Keat N, 2015. Cytotoxicity of thymoquinone and thymoquinone-

loaded nanostructured lipid carrier on cervical cancer cells 

(SiHa and HeLa). BioMed Research International 2015. 

Khan R, Nautiyal H and Saleem S, 2021. Thymoquinone-Loaded 

Nanocarriers for Healthcare Applications. In: Biomarkers as 

Targeted Herbal Drug Discovery. Apple Academic Press 

301-322. 

Kim JY, Lee MS, Jung S, Joo H, Kim CT, Kim IH, Seo S, Oh S 

and Kim Y, 2014. Anti-obesity efficacy of nanoemulsion 

oleoresin capsicum in obese rats fed a high-fat diet. 

International Journal Nanomedicine. 9: 301-310. 

http://dx.doi.org/10.2147/IJN.S52414  

Kim W, Hwang S, Lee H, Song H and Kim S, 1999. Panax 

ginseng protects the testis against 2,3,7, 8-

tetrachlorodibenzo-p-dioxin induced testicular damage in 

guinea pigs, BJU International 83: 842-849. 

http://dx.doi.org/10.1046/j.1464-410x.1999.00046.x  

Komeilifard L, 2016. Effects of Citrus aurantium fruit extract on 

spermatogenesis in streptozotocin-induced diabetic rats. 

Medical Laboratory Journal 10: 43-48. http://dx.doi.org/ 

10.18869/acadpub.mlj.10.6.43  

Kujur RS, Singh V, Ram M, Yadava HN, Singh KK, Kumari S 

and Roy BK, 2010. Antidiabetic activity and phytochemical 

screening of crude extract of stevia rebaudiana in alloxan-

induced diabetic rats. Pharmacognosy Research 2: 258–263.  

 /10.4103 http://dx.doi.org/10.4103/0974-  8490.69128 

Leiherer A, Stoemmer K, Muendlein A, Saely GH, Kinz E, 

Brandtner EM, Fraunberger P and Drexel H, 2016. Quercetin 

impacts expression of metabolism-and obesity-associated 

genes in SGBS adipocytes. Nutrients 8: 282. https://doi.org/ 

10.3390/nu8050282  

Li XY, Lu WM, Shen WF, Wu Y, Liu YP, Tuo Y and Liu YL, 

2017a. Growth inhibitory effect of stevioside on ovarian 

cancer through Akt/ERK pathway. Biomedical Research 28: 

1820-1827. 

Li L, Sheng X, Zhao S, Zou L, Han X, Gong Y, Yuan H, Shi L, 

Guo L, Jia T, Liu S, Wu B, Yi Z, Liu H, Gao Y, Li G, Li G, 

Zhang C, Xu H and Liang S, 2017b. Nanoparticle-

encapsulated emodin decreases diabetic neuropathic pain 

probably via a mechanism involving P2X3 receptor in the 

dorsal root ganglia. Purinergic Signal. 13: 559–568. 

http://dx.doi.org/10.1007/s11302-017-9583-2  

Linjawi SA, 2015. Evaluation of the Protective Effect of Panax 

Ginseng Nanoparticles against Nicotine-induced 

Reproductive Disorders in Male Rats. International Journal 

of Pharmaceutical Sciences Review and Research 32: 38-45. 

Low BS, Ng BH, Choy WP, Yuen KH and Chan KL, 2005. 

Bioavailability and pharmacokinetic studies of 

eurycomanone from Eurycoma longifolia. Planta Medica 71: 

803-807. https://doi.org/10.1055/s-2005-871259  

Low BS, Choi SB, Wahab HA, Das PK and Chan KL, 2013. 

Eurycomanone, the major quassinoid in Eurycoma longifolia 

root extract increases spermatogenesis by inhibiting the 

activity of phosphodiesterase and aromatase in 

steroidogenesis. Journal of Ethnopharmacology 149: 201-

207. https://doi.org/10.1016/j.jep.2013.06.023  

Macedo TJS, Barros VRP, Monte APO, Gouveia BB, Bezerra 

MÉS, Cavalcante AYP, Barberino RS, Menezes VG and 

Matos MHT, 2017. Resveratrol has dose-dependent effects 

on DNA fragmentation and mitochondrial activity of ovine 

secondary follicles cultured in vitro. Zygote 25: 434–442. 

https://doi.org/10.1017/S0967199417000193  

Maity S, Mukhopadhyay P, Kundu PP and Chakraborti AS, 2017. 

Alginate coated chitosan core-shell nanoparticles for 

efficient oral delivery of naringenin in diabetic animals- an 

in vitro and in vivo approach. Carbohydrate Polymers 170: 

124–132. https://doi.org/10.1016/j.carbpol.2017.04.066  

Maliqueo M, Bacallao K, Quezada S, Clementi M, Gabler F, M 

Johnson C and Vega M, 2007. Sex hormone-binding 

globulin expression in the endometria of women with 

polycystic ovary syndrome. Fertility and Sterility 87: 321-

328. http://doi.org/10.1016/j.fertnstert.2006.06.038    

Mehdipour M, Daghigh Kia H, Najafi A, Mohammadi H and 

Álvarez-Rodriguez M, 2020. Effect of crocin and naringenin 

supplementation in cryopreservation medium on post-thaw 

rooster sperm quality and expression of apoptosis associated 

genes. Plos one 15: e0241105. https://doi.org/10.1371/ 

journal.pone.0241105  

Mendrick DL, Diehl AM, Topor LS, Dietert RR, Will Y, La 

Merrill MA, Bouret S, Varma V, Hastings KL, Schug TT, 

Hart SGE and Burleson FG, 2018. Metabolic syndrome and 

associated diseases: from the bench to the clinic. 

Toxicological Sciences 162: 36-42. https://doi.org/10.1093 

/toxsci/kfx233    

Miguel-Jiménez S, Pina-Beltrán B, Gimeno-Martos S, Carvajal-

Serna M, Casao A and Pérez-Pe R, 2021. NADPH oxidase 5 

and melatonin: involvement in ram sperm capacitation. 

Frontiers in Cell and Developmental Biology 9: 655794. 

https://doi.org/10.3389/fcell.2021.655794  

Mitra M, Laha J and Nandi DK, 2020. Effective Role of 

Terminalia arjuna Reduced Gold Nanoparticles on 

https://doi.org/10.1080/15376516.2018.1512180
https://doi.org/10.18632/oncotarget.%2019164
https://doi.org/10.18632/oncotarget.%2019164
https://doi.org/10.1007/s00404-020-05951-2
https://doi.org/%2010.3109/09637480903193049
https://doi.org/%2010.3109/09637480903193049
http://dx.doi.org/%2010.5772/intechopen.74595
http://dx.doi.org/%2010.5772/intechopen.74595
http://dx.doi.org/10.1038/nrendo.2014.83
https://doi.org/10.1371/journal.pone.0089124
https://doi.org/%2010.1155/2014/943162
https://doi.org/%2010.1155/2014/943162
http://dx.doi.org/10.2147/IJN.S52414
http://dx.doi.org/10.1046/j.1464-410x.1999.00046.x
http://dx.doi.org/%2010.18869/acadpub.mlj.10.6.43
http://dx.doi.org/%2010.18869/acadpub.mlj.10.6.43
http://dx.doi.org/10.4103/0974-8490.69128
https://doi.org/%2010.3390/nu8050282
https://doi.org/%2010.3390/nu8050282
http://dx.doi.org/10.1007/s11302-017-9583-2
https://doi.org/10.1055/s-2005-871259
https://doi.org/10.1016/j.jep.2013.06.023
https://doi.org/10.1017/S0967199417000193
https://doi.org/10.1016/j.carbpol.2017.04.066
http://doi.org/10.1016/j.fertnstert.2006.06.038
https://doi.org/10.1371/%20journal.pone.0241105
https://doi.org/10.1371/%20journal.pone.0241105
https://doi.org/10.1093%20/toxsci/kfx233
https://doi.org/10.1093%20/toxsci/kfx233
https://doi.org/10.3389/fcell.2021.655794


Int J Vet Sci, 2023, 12(1): 7-17. 
 

 16 

Reproductive Dysfunction Induced by Acetaminophen in 

Male Wistar Rat. BioNanoScience 10: 942-949. 

https://doi.org/10.1007/s12668-020-00737-x  

Mohammad MHS and Ameen EM, 2021. Impact of Diabetes and 

obesity on Human Fertility and Semen Quality. Zanco 

Journal of Pure and Applied Sciences 33: 42-54. 

https://doi.org/10.21271/ZJPAS.33.1.6  

Nadi Z, Bayat M, Karami H, Parastesh M and Bayat P, 2021. 

Effect of exercise training on gene expression of adiponectin 

and its receptors in testicles and sex hormones in diabetic 

rats. Journal of Biological Research-Bollettino della Società 

Italiana di Biologia Sperimentale 29: 1. https://doi.org/ 

10.4081/jbr.2021.9287  

Nair HK, Rao KV, Aalinkeel R, Mahajan S, Chawda R and 

Schwartz SA, 2004. Inhibition of prostate cancer cell colony 

formation by the flavonoid quercetin correlates with 

modulation of specific regulatory genes. Clinical and 

Vaccine Immunology 11: 63-69. https://doi.org/10.1128/ 

CDLI.11.1.63-69.2004 

Nakhlband A, Eskandani M, Saeedi N, Ghafari S, Omidi Y, Barar 

J and Garjani A, 2018. Marrubiin-loaded solid lipid 

nanoparticles’ impact on TNF-α treated umbilical vein 

endothelial cells: A study for cardioprotective effect. 

Colloids and Surfaces B: Biointerfaces 164: 299-307. 

https://doi.org/10.1016/j.colsurfb.2018.01.046  

Nandi A and Poretsky L, 2013. Diabetes and the female 

reproductive system. Endocrinology and Metabolism Clinics 

of North America 42: 915–946. https://doi.org/10.1016/ 

j.ecl.2013.07.007   

Ochiai A and Kuroda K, 2020. Preconception resveratrol intake 

against infertility: Friend or foe? Reproductive Medicine and 

Biology 19: 107-113 . https://doi.org/10.1002/rmb2.12303. 

Ochin CC and Garelnabi M, 2018. Berberine encapsulated 

PLGA-PEG nanoparticles modulate PCSK-9 in HepG2 

cells. Cardiovascular Hematological Disorders Drug Targets 

18: 61–70. https://doi.org/10.2174/1871529X186661802 

01130340  

Odei-Addo F, Shegokar R, Müller RH, Levendal RA and Frost C, 

2017. Nanoformulation of Leonotis leonurus to improve its 

bioavailability as a potential antidiabetic drug. 3 Biotech 7: 

1-9. https://doi.org/10.1007/s13205-017-0986-0  

Oroojan AA, Ahangarpour A, Paknejad B, Zareian P, Hami Z and 

Abtahi SR, 2021. Effects of myricitrin and solid lipid 

nanoparticle-containing myricitrin on reproductive system 

disorders induced by diabetes in male mouse. The World 

Journal of Men's Health 39: 147. https://doi.org/ 

10.5534/wjmh.190010  

Ortega I and Duleba AJ, 2015. Ovarian actions of resveratrol. 

Annals of the New York Academy of Sciences 1348: 86–96. 

https://doi.org/10.1111/nyas.12875  

Prabhu S, Vinodhini S, Elanchezhiyan C and Rajeswari D, 2018. 

Retracted: Evaluation of antidiabetic activity of biologically 

synthesized silver nanoparticles using Pouteria sapota in 

streptozotocin‐induced diabetic rats: Journal of Diabetes 10: 

28-42. https://doi.org/ 10.1111/1753-0407.12554  

Pramudhito D, Sugandi S, Parwati I, Sujatno M and Soetojo S, 

2021. The Potential of Nano Curcumin in Preventing the 

Formation of Artificial Antisperm Antibody in Wistar Rats 

through Inflammatory Pathway Regulation. Open Access 

Macedonian Journal of Medical Sciences 9: 114-118. 

https://doi.org/10.3889/oamjms.2021.5749  

Priyanka K, Sahu PL and Singh S, 2018. Optimization of 

processing parameters for the development of Ficus religiosa 

L. extract loaded solid lipid nanoparticles using central 

composite design and evaluation of antidiabetic efficacy. 

Journal of Drug Delivery Science and Technology 43: 94-

102. https://doi.org/10.1016/j.jddst.2017.08.006  

Rachmawati H, Soraya IS, Kurniati NF and Rahma A, 2016. In 

vitro study on antihypertensive and antihypercholestero-

lemic effects of a curcumin nanoemulsion. Scientia 

Pharmaceutica 84: 131–140. https://doi.org/10.3797/ 

scipharm.ISP.2015.05  

Ranawat P and Bakshi N, 2017. Naringenin; a bioflavonoid, 

impairs the reproductive potential of male mice. Toxicology 

Mechanisms and Methods 27: 417-427. https://doi.org/ 

10.1080/15376516.2017.1296048  

Rani R, Dahiya S, Dhingra D, Dilbaghi N, Kaushik A, Kim KH 

and Kumar S, 2019. Antidiabetic activity enhancement in 

streptozotocin + nicotinamide-induced diabetic rats through 

combinational polymeric nanoformulation. International 

Journal of Nanomedicine 14: 4383–4395. https://doi.org/ 

10.2147/IJN.S205319  

Ravichandran R, 2012. Studies on gymnemic acids nano-

particulate formulations against diabetes mellitus. Inter-

national Journal of Biomedical and Clinical Engineering 1: 

1-12. https://doi.org/10.4018/978-1-4666-5125-8.ch058  

Rawal AY and Austin PF, 2015. Concepts and updates in the 

evaluation and diagnosis of common disorders of sexual 

development. Current Urology Reports 16: 1-9. 

https://doi.org/10.1007/s11934-015-0556-0  

Salehi F, Dunfield L, Phillips KP, Krewski D and Vanderhyden 

BC, 2008. Risk factors for ovarian cancer: an overview with 

emphasis on hormonal factors. Journal of Toxicology and 

Environmental Health, Part B 11: 301-321.  https://doi.org/ 

10.1080/10937400701876095   

Samadder A, Das S, Das J, Paul A and Khuda-Bukhsh AR, 2012. 

Ameliorative effects of Syzygium jambolanum extract and 

its poly (lactic-co-glycolic) acid nano-encapsulated form on 

arsenic-induced hyperglycemic stress: a multi-parametric 

evaluation. Journal of Acupuncture and Meridian Studies 5: 

310-318. https://doi.org/10.1016/j.jams.2012.09.001  

Schwingel TE, Klein CP, Nicoletti NF, Dora CL, Hadrich G, Bica 

CG, Lopes TG, da Silva VD and Morrone FB, 2014. Effects 

of the compounds resveratrol, rutin, quercetin, and quercetin 

nanoemulsion on oxaliplatin-induced hepatotoxicity and 

neurotoxicity in mice. Naunyn Schmiedebergs Arch 

Pharmacol. 387:837-848. https://doi.org/1010.1007/s00210-

014-0994-0  

Shahraki A, Bahadorikhalili S, Hashemzaei M, Hajinezhad M, 

Afsharimoghaddam A, Sarani F and Tajrobekar O, 2017. 

Resveratrol nano-capsule as an efficient tool for blood 

pressure regulation: a study on metabolic syndrome induced 

mice. Bioscience Biotechnology Research Communications 

10: 623–630. http://dx.doi.org/10.21786/bbrc/10.4/4  

Shi GJ, Li ZM, Zheng J, Chen J, Han XX, Wu J, Li GY, Chang 

Q, Li YX and Yuag JQ, 2017. Diabetes associated with male 

reproductive system damages: Onset of presentation, 

pathophysiological mechanisms and drug intervention. 

Biomedicine & Pharmacotherapy 90: 562-574. 

https://doi.org/10.1016/j.biopha.2017.03.074 

Sobhy H, AboElnaga TR, Behour TS and Razin EA, 2021. In vitro 

trypanocidal activity of essential oils of some plants against 

Trypanosoma evansi. International Journal of Veterinary 

Science 10: 191-195. https://doi.org/10.47278/journal.ijvs/ 

2021.043 

Sirotkin A, Alexa R, Kádasi A, Adamcová E, Alwasel S and 

Harrath AH, 2019. Resveratrol directly affects ovarian cell 

sirtuin, proliferation, apoptosis, hormone release and 

response to follicle-stimulating hormone (FSH) and insulin-

like growth factor I (IGF-I). Reproduction, Fertility and 

Development 31: 1378-1385. https://doi.org/10.1071/RD 

18425   

Sirotkin AV, Radosová M, Tarko A, Fabova Z, Martín-García I 

and Alonso F, 2020. Abatement of the stimulatory effect of 

copper nanoparticles supported on titania on ovarian cell 

functions by some plants and phytochemicals. Nano-

materials 10: 1859. https://doi.org/10.3390/nano 10091859  

Sun GB, Qin M, Meng X and Sun X, 2014. Inhibitory effects of 

myricitrin on oxidative stress-induced endothelial damage 

https://doi.org/10.1007/s12668-020-00737-x
https://doi.org/10.21271/ZJPAS.33.1.6
https://doi.org/%2010.4081/jbr.2021.9287
https://doi.org/%2010.4081/jbr.2021.9287
https://doi.org/10.1128/CDLI.11.1.63-69.2004
https://doi.org/10.1128/CDLI.11.1.63-69.2004
https://doi.org/10.1016/j.colsurfb.2018.01.046
https://doi.org/10.1016/%20j.ecl.2013.07.007
https://doi.org/10.1016/%20j.ecl.2013.07.007
https://doi.org/10.2174/1871529X186661802%2001130340
https://doi.org/10.2174/1871529X186661802%2001130340
https://doi.org/10.1007/s13205-017-0986-0
https://doi.org/%2010.5534/wjmh.190010
https://doi.org/%2010.5534/wjmh.190010
https://doi.org/10.1111/nyas.12875
https://doi.org/%2010.1111/1753-0407.12554
https://doi.org/10.3889/oamjms.2021.5749
https://doi.org/10.1016/j.jddst.2017.08.006
https://doi.org/10.3797/%20scipharm.ISP.2015.05
https://doi.org/10.3797/%20scipharm.ISP.2015.05
https://doi.org/%2010.1080/15376516.2017.1296048
https://doi.org/%2010.1080/15376516.2017.1296048
https://doi.org/%2010.2147/IJN.S205319
https://doi.org/%2010.2147/IJN.S205319
https://doi.org/10.4018/978-1-4666-5125-8.ch058
https://doi.org/10.1007/s11934-015-0556-0
https://doi.org/%2010.1080/10937400701876095
https://doi.org/%2010.1080/10937400701876095
https://doi.org/10.1016/j.jams.2012.09.001
https://doi.org/1010.1007/s00210-014-0994-0
https://doi.org/1010.1007/s00210-014-0994-0
http://dx.doi.org/10.21786/bbrc/10.4/4
https://doi.org/10.1016/j.biopha.2017.03.074
https://doi.org/10.47278/journal.ijvs/%202021.043
https://doi.org/10.47278/journal.ijvs/%202021.043
https://doi.org/10.1071/RD%2018425
https://doi.org/10.1071/RD%2018425
https://doi.org/10.3390/nano%2010091859


Int J Vet Sci, 2023, 12(1): 7-17. 
 

 17 

and early atherosclerosis in ApoE-/- mice. Pharmacology 

and Experimental Therapeutic 271: 114–126. https://doi.org/ 

10.1096/fasebj.28.1_supplement.1146.5  

Sung H, Kang SM, Lee MS, Kim TG and Cho YK, 2005. Korean 

red ginseng slows depletion of CD4 T cells in human 

immunodeficiency virus type 1-infected patients, Clinical 

and Diagnostic Laboratory Immunology 12: 497-501. 

https://doi.org/10.1128/CDLI.12.4.497  

Suresh S and Prakash S, 2012. Effect of Mucuna pruriens (Linn.) 

on sexual behavior and sperm parameters in streptozotocin‐

induced diabetic male rat. The Journal of Sexual Medicine 9: 

3066-3078. https://doi.org/10.1111/j.1743-6109.2010.01831.x   

Taghipour YD, Hajialyani M, Naseri R, Hesari M, Mohammadi 

P, Stefanucci A, Mollica A, Farzaei MH and Abdollahi M, 

2019. Nanoformulations of natural products for management 

of metabolic syndrome. International Journal of Nano-

medicine 14: 5303. https://doi.org/10.2147/IJN.S213 831   

Teekaraman D, Elayapillai SP, Viswanathan MP and Jagadeesan 

A, 2019. Quercetin inhibits human metastatic ovarian cancer 

cell growth and modulates components of the intrinsic 

apoptotic pathway in PA-1 cell line. Chemico-Biological 

Interactions 300: 91–100. https://doi.org/10.1016/j.cbi. 

2019.01.008  

Thakkar A, Chenreddy S, Thio A, Khamas W, Wang J and Prabhu 

S, 2016. Preclinical systemic toxicity evaluation of chitosan-

solid lipid nanoparticle-encapsulated aspirin and curcumin in 

combination with free sulforaphane in BALB/c mice. 

International Journal of Nanomedicine 11: 3265. 

https://doi.org/10.2147/IJN.S106736  

Thipe VC, Amiri KP, Bloebaum P, Karikachery AR, 

Khoobchandani M, Katti KK, Jurisson SS and Katti KV, 

2019. Development of resveratrol-conjugated gold 

nanoparticles: Interrelationship of increased resveratrol 

corona on anti-tumor efficacy against breast, pancreatic and 

prostate cancers. International Journal of Nanomedicine 14: 

4413. https://doi.org/10.2147/IJN.S204443  

Thong EP, Milat F, Enticott JC, Joham AE, Ebeling PR, Mishra 

GD and Teede HJ, 2021. The diabetes-fracture association in 

women with type 1 and type 2 diabetes is partially mediated 

by falls: a 15-year longitudinal study. Osteoporosis 

International 32: 1175-1184. https://doi.org/10.1007/ 

s00198-020-05771-9  

Thong EP, Codner E, Laven JS and Teede H, 2020. Diabetes: a 

metabolic and reproductive disorder in women. The Lancet 

Diabetes Endocrinology 8: 134-149. https://doi.org/10.1016/ 

s2213-8587(19)30345-6  

Tong F, Liu S, Yan B, Li X, Ruan S and Yang S, 2017. Quercetin 

nanoparticle complex attenuated diabetic nephropathy via 

regulating the expression level of ICAM-1 on endothelium. 

International Journal of Nanomedicine 12: 7799. 

https://doi.org/10.2147/IJN.S146978  

Torchilin VP, 2006. Multifunctional nanocarriers. Advanced 

Drug Delivery Reviews 58: 1532–1555. https://doi.org/ 

10.1016/j.addr.2006.09.009  

Tufek NH, Altunkaynak ME, Altunkaynak BZ and Kaplan S, 

2015. Effects of thymoquinone on testicular structure and 

sperm production in male obese rats. Systems Biology in 

Reproductive Medicine 61: 194–204. https://doi.org/ 

10.3109/19396368.2015.1044135  

Vafadar A, Shabaninejad Z, Movahedpour A, Fallahi F, 

Taghavipour M, Ghasemi Y, Akbari M, Shafiee A, 

Hajighadimi S, Moradizarmehri S, Razi E, Savardashtaki A 

and Mirzaei H, 2020. Quercetin and cancer: new insights into 

its therapeutic effects on ovarian cancer cells. Cell & 

Bioscience 10: 1-17. https://doi.org/10.1186/s13578-020-

00397-0  

Wagner IV, Klöting N, Savchuk I, Eifler L, Kulle A, Kralisch-

Jäcklein S, Dötsch J, Hiort O, Svechnikov K and Söder O, 

2021. Diabetes type 1 negatively influences leydig cell 

function in rats, which is partially reversible by insulin 

treatment. Endocrinology 162: bqab017. https://doi.org/ 

10.1210/ endocr/bqab017  

Wang J, Tan J, Luo J, Huang P, Zhou W, Chen L, Long L, Zhang 

L, Zhu B, Yang L and Deng DYB, 2017. Enhancement of 

scutellarin oral delivery efficacy by vitamin B12-modified 

amphiphilic chitosan derivatives to treat type II diabetes 

induced-retinopathy. Journal of Nanobiotechnology 15:18. 

https://doi.org/10.1186/s12951-017-0251-z  

Wei W, Zhao H, Wang A, Sui M, Liang K, Deng H, Ma Y, Zhang 

Y, Zhang H and Guan Y, 2012. A clinical study on the short-

term effect of berberine in comparison to metformin on the 

metabolic characteristics of women with polycystic ovary 

syndrome. European Journal of Endocrinology 166: 99. 

https://doi.org/10.1530/EJE-11-0616  

Xu X, Yi H, Wu J, Kuang T, Zhang J, Li Q, Du H, Xu T, Jiang G 

and Fan G, 2021. Therapeutic effect of berberine on 

metabolic diseases: Both pharmacological data and clinical 

evidence. Biomedicine & Pharmacotherapy 133: 110984. 

https://doi.org/10.1016/j.biopha.2020.110984  

Xue M, Yang M-X, Zhang W, Li X, Gao D, Ou Z, Li Z, Liu S, Li 

X and Yang S, 2013. Characterization, pharmacokinetics, 

and hypoglycemic effect of berberine loaded solid lipid 

nanoparticles. International Journal of Nanomedicine. 8: 

4677. https://doi.org/10.2147/IJN.S51262  

Yücel Ç, Karatoprak GŞ and Aktaş Y, 2018. Nanoliposomal 

resveratrol as a novel approach to treatment of diabetes 

mellitus Journal of Nanoscience and Nanotechnology 18: 

3856–3864. https://doi.org/10.1166/jnn.2018.15247 

Zhang SW, Zhou J, Gober HJ, Leung WT and Wang L, 2021. 

Effect and mechanism of berberine against polycystic ovary 

syndrome. Biomedicine & Pharmacotherapy 138: 111468. 

https://doi.org/10.1016/j.biopha.2021.111468  

Zheng X, Chen T, Zhao A, Ning Z, Kuang J, Wang S, You Y, Bao 

Y, Ma X, Yu H, Zhou J, Jiang M, Li M, Wang J, Ma X, Zhou 

S, Li Y, Ge K, Rajani C, Xie G, Hu C, Guo Y, Lu A, Jia W 

and Jia W, 2021. Hyocholic acid species as novel biomarkers 

for metabolic disorders. Nature Communications 12: 1-11. 

https://doi.org/10.1038/s41467-021-21744-w  

 

https://doi.org/%2010.1096/fasebj.28.1_supplement.1146.5
https://doi.org/%2010.1096/fasebj.28.1_supplement.1146.5
https://doi.org/10.1128/CDLI.12.4.497
https://doi.org/10.1111/j.1743-6109.2010.01831.x
https://doi.org/10.2147/IJN.S213%20831
https://doi.org/10.1016/j.cbi.%202019.01.008
https://doi.org/10.1016/j.cbi.%202019.01.008
https://doi.org/10.2147/IJN.S106736
https://doi.org/10.2147/IJN.S204443
https://doi.org/10.1007/%20s00198-020-05771-9
https://doi.org/10.1007/%20s00198-020-05771-9
https://doi.org/10.1016/%20s2213-8587(19)30345-6
https://doi.org/10.1016/%20s2213-8587(19)30345-6
https://doi.org/10.2147/IJN.S146978
https://doi.org/%2010.1016/j.addr.2006.09.009
https://doi.org/%2010.1016/j.addr.2006.09.009
https://doi.org/%2010.3109/19396368.2015.1044135
https://doi.org/%2010.3109/19396368.2015.1044135
https://doi.org/10.1186/s13578-020-00397-0
https://doi.org/10.1186/s13578-020-00397-0
https://doi.org/%2010.1210/%20endocr/bqab017
https://doi.org/%2010.1210/%20endocr/bqab017
https://doi.org/10.1186/s12951-017-0251-z
https://doi.org/10.1530/EJE-11-0616
https://doi.org/10.1016/j.biopha.2020.110984
https://doi.org/10.2147/IJN.S51262
https://doi.org/10.1166/jnn.2018.15247
https://doi.org/10.1016/j.biopha.2021.111468
https://doi.org/10.1038/s41467-021-21744-w

