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Honey increases sperm count in male albino rats by 
enhancing testosterone production. 
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ABSTRACT: We investigated the effects of different doses of honey (H) and testosterone (T) on sperm count and 
reproductive hormones in male albino rats. Thirty-five male albino rats were randomly divided in a blinded fashion 
into 7 groups of 5 rats each. Group 1 (control) was given 0.2 ml of distilled water. Groups 2, 3 and 4 were given 100 
mg/kg, 200 mg/kg and 400 mg/kg of H orally respectively. Groups 5, 6 and 7 were given 2.5 mg/kg, 5 mg/kg and 7.5 
mg/kg of T intraperitoneally respectively. All doses of H significantly (P<0.05) increased sperm count in rats, while 
all the doses of T significantly reduced sperm count in rats. Plasma T was increased and FSH was reduced 
(P<0.001) by all the three doses of H. On the contrary, LH was significantly reduced (P<0.05) by 100 mg/kg and 200 
mg/kg of H but not by 400 mg/kg of H. All the three doses of T reduced the plasma T and LH in rats. Lastly, 5 mg/kg 
and 7.5 mg/kg but not 2.5 mg/kg of T reduced FSH in rats. The results suggest that honey enhanced sperm count in 
rat by increasing testosterone production. 
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INTRODUCTION 

Honey is a natural hive product with an extensive history of 
traditional human medicinal use in a large number of 
societies. It is widely available in most communities, and its 
therapeutic potential is grossly underutilized. The mechanism 
of action of several of its properties remain obscure, thus 
there is a need for further investigation (Zumla and Lulat, 
1989). 

Studies have shown that honey minimizes cellular injuries of 
the skin and post-radiotherapies mucosal trauma. Moreover, 
it possesses some biological properties such as antioxidant, 
antimicrobial, anti-inflammatory and immunomodulatory 
effects (Mohamed et al., 2010; Estevinho et al., 2008; 
Prakash et al., 2008; Timm et al., 2008; Perez et al., 2006). 
The natural antioxidants, especially flavonoids, exhibit a wide 
range of biological effects, including antibacterial, anti-
inflammatory, anti-allergic, anti-thrombotic, and vasodilatory 
actions (Cook and Sammon, 1996). Other reported properties 
of honey include, anti-platelet and anti-nociceptive (Kamran 

et al., 2006), prophylaxis against biofilm formation (Irish et 
al., 2006), an aid or remedy to manage diversity of wound 
aetiologies (Gethin and Cowman, 2005) and dressing (Rahal 
et al., 1984; Chirife et al., 1983; Knutson et al., 1981), 
dyspepsia and peptic ulcers (Al Somai et al., 1994) and as a 
preservative for herbal medicines (Molan, 1998). 

Honey is a natural product with very complex chemical 
composition. The composition of a particular honey sample 
greatly depends on the composition of nectar, where it 
originates. It contains more than 180 substances (White, 
1979) including moisture; sugars such as glucose and 
fructose; enzymes such as catalase and glutathione 
reductase; trace essential elements such as iron, copper, 
zinc and calcium; vitamins such as vitamin A, C and E as 
well as some flavonoids and phenolic acids (Michalkiewicz et 
al., 2008; Yao et al., 2004; Al-Waili, 2003; Gheldof et al., 
2002). It is composed primarily of fructose and glucose but 
also contain 4-5% of fructooligosacharide which serves as 
prebiotic agent (Chow, 2002). Flavonoids of antibacterial 
activity including pinocembrin (Bogdanov, 1984; Villanueva et 
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al., 1970), kaempferol and quercetrin, as well as naringenin 
and pinocembrin were detected in sunflower honey (Sabatier 
et al., 1989). The presence of galangin and chrysin in several 
Swiss honeys has also been reported (Bogdanov, 1989). 
Thus, the composition of honeys varies with different floral 
sources as well as climatic and environmental conditions 
(Perez et al., 2007; Gheldof et al., 2002). 

Traditionally, the local Malaysian and other population 
consume honey as a nutrient as well as for enhancement of 
fertility. Honey is farmed and used all over Nigeria. Initially 
local farmers harvested the honey from the wild but today 
apiculture is a growing industry in many parts of the country. 
Some studies on the healing effects and antimicrobial activity 
of honey collected from Nigeria on burns and wounds have 
been reported (Adesunkanmi and Oyelami, 1994). However, 
there is a paucity of data on the effects of honey collected 
from Nigeria on reproductive functions. The decline in male 
reproductive health and fertility in the last 30 years has been 
linked to environmental toxicants or xenobiotics (Sikka, 
2008). This has led to increased interest to investigate the 
possible beneficial effect of honey in enhancing fertility in 
males. 

Studies on the effect of honey on reproductive parameters 
are few and inconclusive. In a study using honey as vehicle 
for tamoxifen, a nonsteroidal antiestrogenic drug, honey was 
reported to increase sperm count without affecting other 
seminal parameters and reproductive hormones in male 
bonnet monkey (Gill-Sharma et al., 2003). A recent study 
showed that treatment with 5% solution of honey collected 
from Palestine for 20 days orally to adult male rats increased 
epididymal sperm count and testicular sorbitol 
dehydrogenase activity as well as reduced lactate 
dehydrogenase activity (Abdul-Ghani et al., 2008). Moreover, 
honey collected from Malaysia has recently been shown to 
increase sperm count without affecting other semen 
parameters and reproductive hormones in male rat 
(Mohamed et al., 2012). The mechanism underlying an 
increase in sperm count without any change in reproductive 
hormones is not clear and of interest to us. The observation 
of Mohamed et al. (2012) therefore raises a question on the 
possibility of an increase in sperm count without any change 
in reproductive hormones. Testosterone is needed for the 
growth and development of male reproductive organs 
(Mooradan et al., 1987) and in association with follicular 
stimulating hormone, it acts on the seminiferous tubules to 
initiate and maintain spermatogenesis (Christensen, 1975). 

The study reported here was designed to evaluate the effects 
of different doses of honey on sperm count, testosterone and 
gonadotropins in male albino rats. To investigate whether the 
spermatogenic effect of honey is testosterone-related, we 
also studied the effect of different doses of testosterone on 
sperm count, testosterone level and gonadotropins in rats.  

MATERIALS AND METHODS 

Honey sample 
The honey used in this study was obtained from the Federal 
College of Forestry, Ibadan. It was freshly diluted daily to the 
doses required using distilled water (as a vehicle). 
 

Animals and treatment protocol 
Thirty-five male albino rats (200-250 g) were used for the 
study. The animals were obtained from the animal house of 
the Department of Physiology, College of Health Sciences, 
University of Ilorin, Kwara State, Nigeria. They were housed 
at five per cage and provided with standard laboratory feed 
and water ad libitum. They were maintained in a well-
ventilated room at 25 °C ± 2 °C on a 12-hour light/dark cycle. 
Study protocol and animal use were approved, prior to the 
beginning of the study, by our institutional research and 
ethical committee. All necessary protocols were followed to 
ensure the humane treatment of the animals. 
The animals were randomly divided in a blinded fashion into 
7 groups (5 rats per group). Group 1 (control) was given 0.2 
ml of distilled water. Groups 2, 3 and 4 were given 100 
mg/kg, 200 mg/kg and 400 mg/kg of honey respectively by 
oral gavage once daily for 4 weeks. Groups 5, 6 and 7 were 
given 2.5 mg/kg, 5 mg/kg and 7.5 mg/kg of Testosterone (T) 
(Laborate Pharmaceutical, India) intraperitoneally 
respectively once daily for 4 weeks. At the end of the study 
(24 h after the final treatment), laparatomy was performed 
under ether anaesthesia. Epididymis was removed and blood 
was collected into sample bottles and allowed to clot at room 
temperature and sera separated by centrifugation at 1000 
rpm for 10 min and stored at -20 °C for hormone estimations. 
Estimation of sperm count 
The testes from each rat were carefully exposed and one of 
them was removed together with its epididymis. For each 
separated epididymis, the caudal part was removed and 
placed in a beaker containing 1 ml of normal saline solution. 
It was macerated with a pair of sharp scissors and left for few 
minutes to liberate the sperm cells into the normal saline. 
Semen drops were placed on a clean grease-free glass slide 
and two drops of warm 2.9% sodium citrate were added. The 
improved Neubauer counting chamber was charged with the 
semen solution and the number of sperm cells, appearing as 
black dots were counted in 25 small squares within the 
central counting area of the counting chamber as earlier 
described (Cheesebrough, 2000). 
Estimation of reproductive hormones 
Serum-free testosterone and gonadotrophins (luteinizing 
hormone and follicle-stimulating hormone) were measured by 
tube-based enzyme immunoassay (EIA) method (Raji et al., 
2005) using commercial kits (IBL-Hamburg GmbH, 
Germany). The EIA is a standardized method used by WHO 
and part of its program for human reproduction research. The 
procedures for the assay as contained in the manufacturerʼs 
manual were strictly followed. The within assay variation was 
8.1% and the sensitivity was 0.3 ng/ml. The optical density 
was read using a spectrophotometer (Jenway, 6300 
spectrophotometer, UK) that was sensitive at wavelengths 
between 492 nm and 550 nm. 
Statistical Analysis 
Data were analysed using SPSS version 16.0 for windows. 
All values given were the mean ± S.E.M of the variables 
measured. Significance was assessed by the one-way 
analysis of variance (ANOVA), followed by a post-hoc Turkey 
multiple range test for multiple comparisons. P-Values of 0.05 
or less were taken as statistically significant. 
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RESULTS  

Effects of different doses of honey on sperm count in 
male albino rats 

Effects of different doses of honey (H) on sperm count in 
male albino rats are shown in Figure 1. Oral administration of 
the three different doses of H significantly (P<0.05) increased 
sperm count in rats. The increases in sperm count were not 
dose-dependent as there was no significant change when the 
values of sperm count for the different doses were compared. 

 

 
Figure 1: Effects of honey and testosterone administration on 
sperm count in male rats. H=Honey, T=Testosterne. Values are 
expressed as Mean ± S.E.M (n=5). *P < 0.05, **P < 0.01 vs control.  

 

 
Table 1: Effects of honey (H) and testosterone (T) 
administration on plasma T, Follicle Stimulating Hormone (FSH) 
and Luteinizing Hormone (LH) in male rats. Values are 
expressed as Mean±S.E.M (n=5). *P<0.05, **P<0.01, ***P<0.001 vs 
control. 

 
 

 

Effects of different doses of testosterone on sperm 
count in male albino rats. 

Effects of different doses of testosterone (T) on sperm count 
in male albino rats are shown in Figure 1. Oral administration 
of the three different doses of T caused significant reduction 
in sperm count in rats. The reduction was more significant 
(P<0.01) at 2.5 mg/kg and 7.5 mg/kg than 5 mg/kg (P<0.05). 

Effects of honey on plasma testosterone and 
gonadotropins levels in male albino rats 

The effects of different doses of H on T, Follicle Stimulating 
Hormone (FSH) and Luteinizing Hormone (LH) in male albino 
rats are shown in Table 1. Plasma T was significantly 
increased (P<0.001) by oral administration of all the three 
doses of H. On the contrary, plasma LH was significantly 
reduced (P<0.05) by oral administration of 100 mg/kg and 
200 mg/kg of H but not by 400 mg/kg of H. Moreover, plasma 
FSH was significantly reduced (P<0.001) by all the three 
doses of H. 

Effects of testosterone administration on plasma 
testosterone and gonadotropins levels in male albino 
rats 

The effects of different doses of T on plasma T, FSH and LH 
in male albino rats are shown in Table 1. All the three doses 
of T significantly (P<0.001) reduced the plasma testosterone 
in rats. In addition, plasma LH was also significantly reduced 
by 2.5 mg/kg (P<0.05), 5 mg/kg (P<0.01) and 7.5 mg/kg 
(0.001) of T. Lastly, 5 mg/kg and 7.5 mg/kg but not 2.5mg/kg 
of T significantly reduced (P<0.001, P<0.01, P>0.05 
respectively) the plasma FSH in rats. 

DISCUSSION 

Previous studies have reported that honey collected from 
Palestine and Malaysia increases sperm count in rat and 
monkey (Mohamed et al., 2012; Abdul-Ghani et al., 2008; 
Gill-Sharma et al., 2003). The observed increase in sperm 
count following administration of honey in the present study is 
consistent with these previous reports. However, critical 
observation of the data of Mohamed et al. (2012) may 
suggest a contradictory finding as they reported that 
200mg/kg of honey obtained from Malaysia did not 
significantly increase the sperm count in rat, whereas it did in 
our own study with honey sourced from Nigeria. 

Previous studies using honey that originated from Malaysia 
or Palestine also reported no significant effects of honey on 
reproductive hormones including testosterone (T), luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) in rat 
(Mohamed et al., 2012) and monkey (Gill-Sharma et al., 
2003). The present study however showed that honey from 
Nigeria increased T but decreased LH and FSH in rat. The 
content and composition of honeys vary with different floral 
sources as well as climatic and environmental conditions 
(Perez et al., 2007; Gheldof et al., 2002). The variations 
between the present study and those previous studies may 
be a result of the difference in the source, and of climatic and 
environmental conditions of the honey used for the studies. In 
addition, we used wistar (albino) rats in this study; Mohamed 
et al. (2012) used Sprague-Dawley rats while Gill-Sharma et 
al. (2003) used bonnet monkey. We speculate that species 
difference could be another cause of the discrepancy in the 
findings. 

The significant effect of honey on the reproductive hormones 
in this study is of great interest. It has been suggested that 
honey from Palestine enhances epididymal sperm count by 
possibly affecting the key enzymes in spermatogenesis and 
sperm maturation such as increases sorbital dehydrogenase 
activity and reduces lactate dehydrogenase activity (Abdul-



Salman et al. Spermatogenic effects of honey in Wistar rats Biokemistri 25(2): 39–44 

 42	  

Ghani et al., 2008). However, we were able to establish 
another fact that honey increases sperm count by increasing 
the testicular production of testosterone, which was evident 
from the elevated plasma testosterone following treatment 
with all doses of honey. Expectedly, the increased plasma 
testosterone caused reduction in plasma LH and FSH 
through the previously well-established negative feedback 
mechanism (Kellis and Vickery, 1984; Prasad et al., 1996; 
Meeuwen et al., 2007; Koehler et al., 2009). 

To support our hypothesis that the sperm count boosting 
potential of honey is testosterone dependent, we studied the 
effect of exogenous administration of different doses of 
testosterone. The observed reduction in sperm count, 
testosterone and gonadotropins following exogenous 
administration of testosterone in this study is comparable 
with previous reports (Awoniyi et al., 1989; 1992; Airkin et al., 
1989; Sun et al., 1989; Sharpe et al., 1988; Robaire et al., 
1979). Moreover, testosterone withdrawal has also been 
shown to cause spermatogenic cell degeneration (Kerr et al., 
1993). Though we did not measure the testicular testosterone 
and gonadotropins levels, we speculate that reduction in 
testicular testosterone level following its exogenous 
administration could have led to reduction in 
spermatogenesis, and subsequently low sperm count. 

A study on the chemical and physical characterization of 
honey sourced from different sources within Nigeria showed 
that it is quite rich in minerals such as K, Ca, Ti, Cr, Mn, Fe, 
Ni, Cu, Zn, Se, Br and Rb, as well as carboxylic acids, 
aldehydes, alkynes, nitrites, alkenes and ethers (Adebiyi et 
al., 2004). Recently, Nurul Syazana et al. (2013) and Odeh et 
al. (2007) respectively identified 35 and 30 volatile 
compounds in honey collected from Malaysia and Pakistan. 
These compounds include acids, aldehydes, alcohol, 
ketones, terpenes, hydrocarbons, furans, etc. However, the 
specific component(s) of the honey used in this study that 
exerted effects different from those sampled from Malaysia or 
Palestine (Gill-Sharma et al., 2003; Abdul-Ghani et al., 2008; 
Mohamed et al., 2012) is a subject of interest and further 
investigation. Better knowledge of this will shed more light 
into the specific testosterone-dependent mechanism by 
which honey increases sperm count. 

However, it is noteworthy that chrysin (5,7-dihydroxyflavone), 
a natural flavonoid has been reported to be present at high 
levels in honey, propolis and many plant extracts (Wang and 
Morris, 2007). The study of Ciftci et al. (2012) clearly showed 
that treatment with chrysin significantly increased serum 
testosterone levels in rats. Similarly, Jana et al. (2008) found 
that testosterone production was dramatically enhanced in 
primary cultures utilising Leydig cells isolated from mouse 
testis when the cells were treated with chrysin. Other 
investigators have also drawn attention that aromatase 
inhibition by chrysin could block the conversion of androgens 
into oestrogens with a consequent increase in testosterone 
(Jeong, 1999; Le Bail, 1998; Kellis and Vickery, 1984). 
However, whether or not chrysin or any other agent (s) 
capable of boosting testosterone level is present in the honey 
samples used in this study is not known. Further 
phytochemical analysis of honey to reveal the active 
ingredient (s) that is/are capable of boosting testosterone will 
be worthwhile. 

REFERENCES 

Abdul-Ghani AS, Dabdoub N, Muhammad R, Abdul-Ghani R and 
Qazzaz M (2008) Effect of Palestinian honey on 
spermatogenesis in rats. Journal of Medicinal Food 11: 799–802. 

Adebiyi FM, Akpan I, Obiajunwa EI and Olaniyi HB (2004) 
Chemical/Physical Characterization of Nigerian Honey. 
Pakistan Journal of Nutrition 3: 278–281. 

Adesunkanmi K and Oyelami OA (1994) The pattern and 
outcome of burn injuries at Wesley Guild Hospital, Ilesha, 
Nigeria: A review of 156 cases. Journal of Tropical Medicine 
and Hygiene 97: 108–112. 

Al Somai N, Coley KE, Molan PC and Hancock BM (1994) 
Susceptibility of Helicobacter pylori to the Antibacterial 
Activity of Manuka Honey. Journal of Royal Society of 
Medicine 87: 9–12. 

Al-Waili NS (2003) Effects of daily consumption of honey 
solution on hematological indices and blood levels of 
minerals and enzymes in normal individuals. Journal of 
Medicinal Food 6:135–140. 

Awoniyi CA, Santulli R, Sprando RL, Ewing LL and Zirkin BR 
(1989) Restoration of advanced spermatogenic cells in the 
experimentally regressed rat testis: quantitative relationship 
of testosterone concentration within the testis. Endocrinology 
124:1217–1223. 

Awoniyi CA, Zirkin BR, Chandrashekar V and Schlaff WD 
(1992) Exogenously administered testosterone maintains 
spermatogenesis quantitatively in adult rats actively 
immunized against gonadotropin-releasing hormone. 
Endocrinology 130: 3283–3288. 

Bogdanov S (1984) Characterization of antibacterial 
substances in honey. Lebensmittel-Wissenschaft und. 
Technologie 17: 74–76. 

Bogdanov S (1989) Determination of pinocembrin in honey 
by using HPLC. Journal of Apicultural Research 28: 55–57. 

Cheesebrough M (2000) Examination of semen. 
Microbiological tests. In: District laboratory practice in tropical 
countries, part 2, Cambridge University Press, United 
Kingdom. pp.130–132. 

Chirife J, Herszage L, Joseph A and Koh ES (1983) In vitro 
study of bacterial growth inhibition in concentrated sugar 
solutions: microbiological basis for the use of sugar in 
treating infected wounds. Antimicrobial Agents and 
Chemotherapy 23: 766–773. 

Chow J (2002) Probiotics and prebiotic: A brief overview. 
Journal of Renal Nutrition 12: 76–86. 

Christensen AC (1975) Leydsig Cell: In: Handbook of 
Physiology, P. O. Greep, E. B. Astwoods (eds.). American 
Physiological Society, Washington D.C. 

Ciftci O, Ozdemir I, Aydin M, Beytur A (2012) Beneficial 
effects of chrysin on the   reproductive system of adult male 
rats. Andrologia 44: 181–186. 

Cook NC, Sammon S (1996) Flavonoids: chemistry, 
metabolism, cardioprotective effects, and dietary sources. 
The Journal of Nutritional Biochemistry 7: 66–76. 



Salman et al. Spermatogenic effects of honey in Wistar rats Biokemistri 25(2): 39–44 

 43	  

Estevinho L, Pereira AP, Moreira L, Dias LG and Pereira E 
(2008) Antioxidant and antimicrobial effects of phenolic 
compounds extracts of Northeast Portugal honey. Food 
Chemistry and Toxicology 46:3774–3779. 

Gethin G and Cowman S (2005) Case series of use of 
Manuka honey in leg ulceration. International Wound Journal 
2: 10–15. 

Gheldof N, Wang XH and Engeseth NJ (2002) Identification 
and quantification of antioxidant components of honeys from 
various floral sources. Journal of Agricultural and Food 
Chemistry 50: 5870–5877. 

Gill-Sharma MK, DʼSouza S, Parte P, Balasinor N, Choudhuri 
J, Majramkar DD, Aleem M and Juneja HS (2003) Effect of 
oral tamoxifen on semen characteristics and serum hormone 
profile in male bonnet monkeys. Contraception 67: 409–413. 

Irish J, Carter D and Blair S (2006) Honey prevents biofilm 
formation in microbial pathogens. Oral presentation. 
Proceeding of the 1st international conference on the 
medicinal uses of honey. USM Kelantan. 

Jana K, Yin X, Schiffer RB, Chen JJ, Pandey AK, Stocco DM, 
Grammas P and Wang X (2008) Chrysin, a natural flavonoid 
enhances steroidogenesis and steroidogenic acute regulatory 
protein gene expression in mouse Leydig cells. Journal of 
Endocrinology 197: 315–323. 

Jeong HJ (1999) Inhibition of aromatase activity by flavonoids. 
Archive of Pharmaceutical Research 22: 309–312. 

Kamran AM, Ahmed MM, Shabana S, Auranzeb M, 
Nazimuddi A and Saeed S (2006) Medicinal properties of 
honey from northern Pakistan. Oral presentation. Proceeding 
of the 1st international conference on the medicinal uses of 
honey. USM Kelantan. 

Kellis Jr. JT and Vickery LE (1984) Inhibition of human 
estrogen synthetase (aromatase) by flavones. Science 225: 
1032–1034. 

Kerr JB, Millar M, Maddocks S and Sharpe RM (1993) Stage-
dependent changes in spermatogenesis and sertoli cells in 
relation to the onset of spermatogenic failure following 
withdrawal of testosterone. Anatomical Record 235: 547–559. 

Knutson RA, Merbit LA, Creekmore MA and Snipes HG 
(1981) Use of Sugar and Povidone-iodine to Enhance Wound 
Healing: Five Years Experience. Southern Medical Journal 
74: 1329–1335. 

Koehler K, Parr MK, Geyer H, Mester J and Schanzer W (2009) 
Serum testosterone and urinary excretion of steroid hormone 
metabolites after administration of high-dose zinc supplement. 
European Journal of Clinical Nutrition 63: 65–70. 

Le Bail JC (1998) Aromatase and 17 beta-hydroxysteroid 
dehydrogenase inhibition by flavonoids. Cancer Letter 133: 
101–106. 

Meeuwen JA, Korthagen N, de Jong PC, Piersma AH and 
Van den Bergh M (2007) (Anti) estrogenic effects of 
phytochemicals on human primary mammary fibroblasts, 
MCF-7 cells and their co-culture. Toxicological and Applied 
Pharmacology 221: 372–383. 

Michalkiewicz A, Biesaga M and Pyrzynska K (2008) Solid-
phase extraction procedure for determination of phenolic 
acids and some flavonols in honey. Journal of 
Chromatography A 1187:18–24. 

Mohamed M, Sirajudeen KNS, Swamy M, Yaacob NS and 
Sulaiman SA (2010) Studies on the antioxidant properties of 
Tualang honey of Malaysia. African Journal of Traditional 
Complementary and Alternative Medicine 7:59–63. 

Mohamed M, Sulaiman SA, Jaafar H and Sirajudeen KNS 
(2012) Effect of different doses of Malaysian honey on 
reproductive parameters in adult male rats. Andrologia 44: 
182–186. 

Molan PC (1998) Honey as a Dressing for Wounds, Burns, 
and Ulcers: A Brief Review of Clinical Reports and 
Experimental Studies Primary Intention 6 (4). Spectrometry 
Journal of AOAC International 89: 586-593. 

Mooradan AD, Morley JE and Koreman SG (1987) Biological 
actions of androgens. Endocrine Review 8: 1–28. 

Nurul Syazana MS, Gan SH and Halim AS (2013) Analysis of 
volatile compounds of Malaysian taulag (Koompassia 
excelsa) honey using gas chromatography mass 
spectrometry. African Journal of Traditional Complementary 
and Alternative Medicine 10: 180–188. 

Odeh I, Abu-Lafi S, Dewik H, Al-Najjar I, Imam A, Valery MO 
and Hanus DL (2007) A variety of volatile compounds as 
markers in Palestinian honey from Thymus capitatus, 
Thymelaea hirsuta, and Tolpis virgata. Food Chemistry 101: 
1393–1397. 

Perez E, Rodriguez-Malaver AJ and Vit P (2006) Antioxidant 
capacity of Venezuelan honey in Wistar rat homogenates. 
Journal of Medicinal Food 9:510–516. 

Perez RA, Iglesias MT, Pueyo E, Gonzalez M and de 
Lorenzo C (2007) Amino acid composition and antioxidant 
capacity of Spanish honeys. Journal of Agricultural and Food 
Chemistry 55:360–365. 

Prakash A, Medhi B, Avti PK, Saikia UN, Pandhi P and 
Khanduja KL (2008) Effect of different doses of Manuka 
honey in experimentally induced inflammatory bowel disease 
in rats. Phytotherapy Research 22:1511–1519. 

Prasad AS, Mantzoros CS, Beck BW, Hess JW and Brewer 
GJ (1996) Zinc status and serum testosterone levels of 
healthy adults. Nutrition 12: 344–348. 

Rahal F, Mimica IM, Pereira V and Athié E (1984) Sugar in 
the Treatment of Infected Surgical Wounds. International 
Surgery 69: 308. 

Raji Y, Salman TM and Akinsomisoye OS (2005) 
Antispermatogenic activity of Morinda lucida extract in male 
rats. Asian Journal of Andrology 7: 405–410. 

Robaire B, Ewing LL, Irby DC and Desjardins C (1979) 
Interactions of testosterone and estradiol-17P on the 
reproductive tract of the male rat. Biology of Reproduction 
21:455–463. 

Sabatier S, Amiot MJ, Aubert S, Tacchini M and Gonnet M 
(1989) Importance des flavonoids dans les miels de 
tournesol. Bulletine of Technology in Apiculture 64: 171–178. 



Salman et al. Spermatogenic effects of honey in Wistar rats Biokemistri 25(2): 39–44 

 44	  

Sharpe RM, Donachie K and Cooper I (1988) Re-evaluation 
of the intratesticular level of testosterone required for 
quantitative maintenance of spermatogenesis in the rat. 
Journal of Endocrinology 117:19–26. 

Sikka SC (2008) Wang R. Endocrine disruptors and 
estrogenic effects on male reproductive axis. Asian Journal of 
Andrology 10: 134–145. 

Sun YT, Irby DC, Robertson DM and de Kretser DM (1989) 
The effects of exogenously administered testosterone on 
spermatogenesis in intact and hypophysectomized rats. 
Endocrinology 125:1000–1010. 

Timm M, Bartelt S and Hansen EW (2008) 
Immunomodulatory effects of honey cannot be distinguished 
from endotoxin. Cytokine 42:113–120. 

Villanueva VR, Barbier M, Gonnet M and Lavie P (1970) Les 
flavonoids de la propolis. Isolement dʼune nouvelle substance 
bateriostatique: la pinocembrin (dihydroxy-5, 7-lavanone). 
Annales de l'Institut Pasteur 118: 84–87. 

Wang X and Morris ME (2007) Effects of the flavonoid 
chrysin on nitrofurantoin pharmacokinetics in rats: Potential 
involvement of ABCG2. Drug Metabolism and Disposition. 
35:268–274. 

White JW (1979) Composition of honey. In: Honey: A 
Comprehensive Survey. E. Crane (ed.), Heinemann, London. 
pp. 157–192. 

Yao L, Jiang Y, DʼArcy B, Singanusong R, Datta N, Caffin N 
and Raymont K (2004) Quantitative high-performance liquid 
chromatography analyses of flavonoids in Australian 
Eucalyptus honeys. Journal of Agricultural and Food 
Chemistry 52: 210–214. 

Zumla A and Lulat A (1989) Honey−a remedy rediscovered. 
Journal of Royal Society of Medicine 82: 384–385.  

 


