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Abstract 

     The current study aimed to evaluate the effects of oral administration of spirulina (as a food 
supplement) on the reproductive performance of adult female rabbits. Female rabbits (16 to 18 
weeks old) were divided into three groups (10 rabbits/ group). These groups are: (Gr.I) as a 
control group and (Gr. II) spirulina was given at a dose (0.5 g / kg of body weight) and (Gr. III) 
was given a complex of folic acid, B6 and B12 (2.5 + 50 +1 mg / kg body weight) all groups 
were treated for four weeks. At the end of the treatment period, 2 untreated males (two males/ 
group) were naturally mated with treated females. The results showed that there was no 
significant difference in the estrogen concentrations among all groups, while the progesterone 
concentration showed a significant decrease in the third compound group compared to the 
control group and DXN-spr. Also, the testosterone hormones did not show significant 
differences in all groups. FSH and LH concentrations appeared to be significantly decreased in 
the third group than in the other two groups. The fertility rate and the number of female fertilities 
increased in the second group (DXN-Spr.) compared to the other groups. There was also a 
significant increase in birth weight and fertility rate in this group compared to the control and 
group No. 3 groups. We conclude that oral dosed spirulina (0.5 g/kg body weight) acts as a 
natural antioxidant that improves reproductive efficiency and reproductive hormones.
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Introduction 

Spirulina commonly known as arthrosporic 
is a small, multicellular, blue, green, spiral, 
filamentous, photosynthetic alga that 
naturally grows in alkaline water. Spirulina 
which means "small spiral". Its high protein 
content (about 65-70%), this is the added 
value of biochemical components, essential 
fatty-acids (for example: 9T-Linolenic-
Acid), carotenoids, Phycobilin-proteins, 
polysaccharide, Vitamins-(except Vit-B12), 
also it contains: Minerals-and attractive 
compounds made it a lower for fat, calorie, 
and free cholesterol origin exporter for-
protein (1,2). Spirulina has one of the main 
features of high protein content can be 
considerable as a traditional kind of protein 
(3,4). Algae due to lack of cellulose in the 
cell walls is easily digested may be due to 
that greater than 85% of this protein is 
digestible and absorption after (18 h.)  (5). 
Decreased natural-resources, high price of 
fishmeal and fluctuations in world market 
supply have led to suitable-alternatives-
(such-as plant-sources) for replacement of 
fishmeal in the used aqua-culture feed. 
However, vegetarian diets usually contain 
highly-levels of-fiber, -starch, insoluble 
carbohydrates (CHO), and anti-nutrients that 
affect the growth and digestibility of fish (6, 
7); For these-reasons, replacing fish meal 
with plant proteins is limited. Thus, partial 
or complete replacements of fish or soybean 
diets from algae meals in aquaculture 
systems have gained an increasing-trend in 
recent years (8). This research aims to study 
the effect of DXN-spirulina and 
combination of folic acid +VitB6+ Vit.B12 
on reproductive efficiency in female rabbits. 

Materials and Methods 

In this experimental, rabbits for this study 
were included: 30 adult female rabbits are 
randomly divided into three groups as the 
following:  

Gr. I (control): 10 Adult female rabbits 
orally administered distilled water (5 
ml/animal) by gavage daily for 30 days. Gr. 
II (DXN-spirulina): 10 ADULT female 
rabbits were orally administered DXN-
spirulina (0.5 gm/ kg BW) dissolved in 5ml 
distilled water by gavage daily for 30 days. 
Gr. III (folic acid+B6+B12): 10 Adult 
female rabbits were orally administered of 
folic acid+B6+B12 (2.5 +50 +1 mg/Kg BW) 
dissolved in 5 ml distilled water by gavage 
daily for 30 days. At the end of the treatment 
period, 2 untreated males (two males/ group) 
were naturally mated with treated females. 

Hormones assay (Enzyme-Linked 
Immunosorbent Assay "ELISA"):The 
basic principle of this method according to 
(9). 

Estimation of Follicle Stimulating 
Hormone concentration (FSH): The FSH 
enzyme immunoassay principle is acted 
upon a solid phase enzyme linked 
immunosorbent test. The estimation of FSH 
concentration by using an enzyme test kit 
(Human GmbH.53020 Wiesbaden. Germany 
gesellschafts for biochemical and diagnostic 
mbH). (10). 

Estimation of Luteinizing Hormone (LH) 
concentration (ng/ml): The direct antigen 
ELISA detection by using the high affinity 
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of biotin for streptavidin which has been 
covered on the surface of microtiter wells. 
This method done by used a LH enzyme test 
kit (Human GmbH.53020 Wiesbaden. 
Germany gesellechalf for biochemical and 
diagnostic mbH). The procedure is similar to 
described in the procedure method of FSH- 
test kit except LH- enzyme conjugate (11). 

Estimation of Estradiol (E2) 
Concentration (pg./ml): The measurement 
of serum concentration is generally 
regarded; kit was used (Monobind Inc. lake 
forest CA 92630, USA) (12).                                    
The Estimation of Progesterone 
Concentration (ng/ml): The measurement 
of serum progesterone concentration was 
used Kit (Monobind progesterone ELISA 
Kit, Inc. Lake Forest CA 92630, USA) (12).        
Experimental II- Reproductive efficiency: 
The remainder female rabbits (4 females’ 
groups) from experiment I (12 female 
rabbits) were mated with healthy mature 
male rabbits (6-8 months age), one male 
rabbit was mated with two female rabbit to 
evaluate the fertility rate. Statistical 
Analysis: Expressed the results as mean ± 
standard deviation (M±SD), the experiments 
analyzed by using One-way ANOVA by 
SPSS (Special Program for Statistical 
System) version 22.0. The least significant 
difference test (LSD) was used to determine 
the differences between groups in ANOVA-
test, the level significant set on (p< 0.05) 
(13). 

Result: 

Effect of DXN-spr. and comb. of (FA 
+B12 +B6) on the reproductive hormone
in mature female rabbits: The effect of
DXN-spr. and combination of (F.
A+B6+B12) on female reproductive
hormone represented in table (1). The
estrogen concentrations appeared no
significant difference between all groups,
while the progesterone concentration
showed significant (P<0.05) decreased in
combination Gr. (GIII) as compared to the
control group and DXN-spr. group when
showed no significant differences between
it. Also, the testosterone hormones appeared
no significant differences in all groups.
Also, the data about the FSH and LH
concentration results showed reported in
table (1), that appears significant (P<0.05)
decreased in group GIII more than the other
two groups, as showed no significant
differences between Gr. I (control) and
group that administration DXN- spr. (GII).

  Effect of DXN-spr. and combination of 
(FA. +B6+B12) on reproductive efficiency 
in mature female rabbits of experimental: 
The data of reproductive efficiency after 
mating of adult female rabbits with adult 
healthy males, fertility rate and number of 
fertility female increased in Gr. II (DXN-
Spr.) compared with other groups. Also 
showed increased significantly (P<0.05) in 
the weight of newborn and % of fertility in 
this group compared to control and 
combination groups (Table 2).  
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Table (1) Effect of DXN-spr. and combination of (FA +B12 +B6)   on the reproductive hormone in 
mature female rabbits. 

     Groups 
Parameters 

Gr. I 
(Control) 

Gr.II 
(DXN-spr.) 

Gr.III 
(FA+B12+B6) 

LSD 

Estr. 
(pg/ml) 

2612.83 A 
± 351.71 

2700.50 A 
± 334.97 

2897.66 A 
±420.58 

N. S

Prog. 
(ng/dl) 

9.65 A 
± 1.77 

8.616 A 
± 1.39 

6.71 B 
± 0.59 

3.90 

Testost. 
(ng/dl) 

0.32 A 
± 0.068 

0.28 A 
± 0.05 

0.28 A 
± 0.037 

N. S

FSH 
(IU/L) 

0.16 A 
± 0.04 

0.16 A 
± 0.007 

0.11   C 
± 0.02 

0.04 

LH 
(IU/L) 

0.17   A 
±0.008 

0.16 A 
± 0.01 

0.10   B 
± 0.01 

0.06 

Values expressed in capital letters mean significant differences at (p<0.05) levels (M±SD)

Table (2) Effect of DXN-spr. and combination of (FA+B6+B12) on reproductive efficiency in adult 

female rabbits 

            Groups 
Parameters 

Gr. I 
(Control) 

Gr. II 
(DXN-Spr.) 

Gr.III 
(FA. +B6+B12) 

LSD 

No. of female 10 10 10 ------- 
No. of male 2 2 2 ------- 

No. of new born 6.00 B 
±0.81 

8.25 A 
±0.95 

6.75 B 
±0.90 

1.5 

weight of new born 23.05 B 
±2.50 

30.70 A 
±5.20 

25.93 AB 
±5.67 

7.67 

Fertility rate 50% 100% 75% ----- 
Values expressed in capital letters mean significant differences at (p<0.05) levels (M±SD).
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Discussion: 
 Effect of DXN spr. and combination of (F+ 
B6+ B12) on reproductive hormones in 
female rabbits: It has been showed that 
reproductive hormones in female rabbits in 
this study is influences by administration of 
DXN- Spr. and combination of (F+B6+ B12) 
positively, we can be showed in table (1). 
The level of reproductive hormones ; 
estrogen and progesterone were significantly 
higher in group of DXN-spr. than to Gr.III 
this similarly that reported by El-Ratel (14) 
who observed  these hormones increased in 
group of spr. than other groups due to 
attributed to spr. that directly effects on 
hormones secretion from follicles and corpus 
letum effect on ovaries and also indirect 
effects of spr. on Gnrh secretion from 
hypothalamus and also may be due to the spr. 
contain all essential amino acid, essential 
fatty acids, vitamins, minerals, essential 
polyunsaturated fatty acid and photo 
synthetic pigments (15- 19). 

The natural sources for biological activity 
substances which increase the reproductive 
potential of male and female animals and 
also poultry due to improvement the 
gametogenesis and ovulation quality in 
female (20).  (21) whom reported that spr. 
treatment to arsenic poising group which 
effect on ovary by altering the regulation of 
the pituitary –ovarian axis, this may result in 
improve and increased ovarian mass and 
follicular regression whereas stimulation of 
estradiol signaling in female rats of arsenic 
group.  

    The effects of folic acid combination with 
B6 and B12 on reproductive hormones 
showed in table (1) many researchers’ 

indication to the role of folic acid in 
reproductive system, showed folate 
deficiency and homocysteine can lead to 
decreased cell division, increased 
inflammation of cytokine production, 
elevated apoptosis, altered nitric oxide 
metabolism and disturbed methylation 
reactions and subsequently affect oocyte 
development (22, 23). Effects of DXN-spr. 
and combination of (FA+ B6+ B12) on 
reproductive efficiency in female rabbits: 
The results of reproductive efficiency of 
female rabbits’ administration DXN-spr. and 
combination (FA+B6+B12) documented in 
table (2) that showed significant increase in 
number of females pregnancy, number of 
fetus and also % of fertility increased in 
group of spr. similar to that reported in 
group of control. The results of these 
efficiency may indicate to that spr. have 
enhance in protein metabolism, lipid profile, 
hormonal regulation and secretion especially 
for reproductive system and decreased. the 
oxidative stress (it occurs in the body for 
any changes which play role in formation of 
free radicals that effect directly and 
indirectly on reproductive system). El-Ratel 
(14) reported that spr. enhanced and
regulation the concentration of reproductive
hormones (estrogen and progesterone) while
the ratio of E2/ P4 decreased, these results
and conclusion supported by a result of
reproductive hormones in this study when
showed enhancement in the reproductive
hormones, these sign to the spr. have vital
role on efficiency of reproductive system
due to its contents essential CHO, fatty acid
and amino acid also protein, vitamins and
minerals (24, 25). In some studies, showed
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the spr. elevation the iron content in blood 
of pregnancy rats during the first 10 days 
from pregnancy (26) and also other 
observation by other researchers who that 
reported the blood volume and red cell 
volume of material which increment 
significantly at the end of pregnancy period 
to meet the elevation iron demand of fetus 
development (27).  Spr. have good 
hematopoietic nutrients were adequate to 
meet the higher demands of lactation and 
pregnancy in group of spr. due to its content 
of essential component (26). In the present 
study, the results showed positively effect of 
supplementation spr. on reproductive 
efficiency by increased number of 
pregnancy female rabbits and number of 
fetus and fertility% (table 2), these 
agreement with that reported by (28), the 
reproductive performance parameters 
increased but not significantly but increased 
in total and live litter size and also weight of 
birth treated with spr. Also (29) whom 
reported that fertility of rabbits significantly 
affected in treated with spr. and also with 
lycopene addition but enhance in litter 
weight and size of birth fed algae compared 
to group of control.  Fertility efficiency: 
After 30 days of treatment, the mating of 
remaining mature female rabbits with 
healthy male rabbits for study the 
reproductive efficiency. The results 
appeared significant improvement in number 
and percentage of female fertility and also in 
number of new born and increment weight 
of new born in group of DXN-spr. these 
results occurred may be due to enhance in 
hormonal reproductive concentration in 
table (1). The DXN-spr.  positively 
efficiency on reproductive by increased 

fertility of female and number of fetuses 
after administration of spr. these results 
agreement with result reported by James et 
al. (30) Which feeding different levels of 
spr. to fish and showed increased in fertility 
and growth performance and also who 
reported that these parameters positively 
increased when increased the level of spr. 

conflict of Interest 
The author(s) declared that there is no 
conflict of interest. 

References 

1- Hu, Q. (2004). Industrial production of
microalgal cell- mass and secondary
products—major industrial species
Arthrospira (Spirulina) platensis. In:
Richmond A (ed) Handbook of
microalgal culture: Biotechnology and
Applied Phycology. Blackwell Science
Ltd., Oxford.; Pp: 264–273.

2- Habib, M.A.B.; Parvin, M.; Huntington,
T.C. and Hasan, M.R. (2008). A review
on culture, production and use of
Spirulina as food for humans and feeds
for domestic animals and fish. FAO
Fisheries and Aquacul. Cir. No. 1034.
FAO, Rome.

3- Scaria, J.; Kumuthakalavalli, R. and
Lawrence, X. R. (2000). Feed
utilization and growth response of
selected ornamental fishes in relation to
feeds formulated with Spirulina,
mushroom and water fern. Ecol.
Environ.; 8:104–108.

4- Jamil, A.B.; Akanda, R.; Rahman, M.;
Hossain, A. and Islam, S. (2015).
Prebiotic competence of Spirulina on
the production performance of broiler



Hussin et al.,

 40

chickens. J. Adv. Vet. Anim. Res. 2: 
304-309.

5- Dernekbasi, s. (2010). Effect of Dietary
Supplementation of Different Rates of
Spirulina (Spirulina platensis) on
Growth and Feed Conversion in Guppy.
J. of Anim. and Vet. Advanc.;
9(9):1395-1399.

6- Gatlin, D.M.; Barrows, F.T.; Brown, P.;
Dabrowski, K.; Gaylord, T.G.; Hardy,
R.W.; Herman, E.; Krogdahl, A.;
Nelson,R.; Overturf, K.; Rust, M.;
Sealey, W.; Skonberg, D.; Souza, E.J.;
Stone ,D.; Wilson, R. and Wurtele, E.
(2007). Expanding the utilization of
sustainable plant products in aquafeeds:
A review. Aquac. Res.; 38:551–579.

7- Krogdahl, A.; Penn, M.; Thorsen, J.;
Refstie, S. and Bakke, A.M. (2010).
Important anti-nutrients in plant
feedstuffs for aquaculture: an update on
recent finding regarding responses in
salmonids. Aquac Res.; 41:333–344.

8- Nandeesha, M.; Gangadhara, B.;
Manissery, J. and Venkataraman, L.
(2001). Growth performance of two
Indian major carps, catla (Catla catla)
and rohu (Lebeo rohita) fed diets
containing different levels of Spirulina
platensis. Bioresour Technol.; 80:117–
120.

9- Ma, H.; Shieh, K.J. and Lee, S.L.
(2006). Study of ELISA technique. Nat.
and Sci.; 4(2):36-37.

10- Odell, W.D.; Parlow, A.F.; Cargille,
C.M. and Ross, G. T. (1981).
Radioimmunoassay for human follicle-
stimulating hormone. Physiological
studies. J. Clin. Invest.; 47(12): 2551.

11- Schumann, G. and Klauke, R. (2003).
New IFCC reference procedures for the
determination of catalytic activity
concentrations of five enzymes in
serum: Preliminary upper reference
limits obtained in hospitalized subjects.
Clin. Chim. Acta.; 327(1-2): 69-79.

12- Tietz, N.W. (1999). Textbook of
clinical chemistry. 3rd ed. C.A. Bruits
E.R. Ashwood W.B. Saunders; Pp.:676-
684.

13- Abo-Allam, R.M. (2003). Data
statistical analysis using SPSS Program.
1st ed. Publ. for the U. Cairo.

14- El- Ratel, I.T.; Abdel-Khalek, A.E.; El-
Harairy, M.A.; Sara, F. Fouda and
Lamiaa, Y. El-Bnawy; (2017). Impact
of green tea extract on reproductive
performance, hematology, lipid
metabolism and histogenesis of liver
and kidney of rabbit does. Asian J.
Anim. Vet. Adv; 12: 51-60.

15- Mendes, R.L.; Nobre, B.P.; Cardoso,
M.T.; Pereira, A.P. and  Palavra,  A.F.
(2003). Supercritical carbon dioxide
extraction  of  compounds  with
pharmaceutical importance from
microalgae.  Inorg.  Chimi.Acta,; 356:
328-334.

16- Babadzhanov,  A.S.; Abdusamatova,
N.; Yusupova,  F.M.; Faizullaeva, N.;
Mezhlumyan,  L.G. and   Malikova,
M.K.  (2004). Chemical  composition
of Spirulina platensis cultivated in
Uzbekistan.  Chem.  Natl.  Comp.;  40:
276-279.

17- Peiretti,  P.G. and  Meineri, G.  (2011).
Effects  of  diets  with  increasing
levels of  Spirulina  platensis  on  the
carcass characteristics,  meat  quality



Hussin et al.,

 41

and  fatty acid  composition  of 
growing  rabbits. Livest. Sci.; 140: 218-
224. 

18- Hoseini,  S.M.;  Khosravi-Darani  ,  K.
and  Mozafari, M. R. (2013).
Nutritional and medical applications of
spirulina microalgae. Mini-Rev. in Med.
Chem.; 13(8):1231–1237.

19- Farag,  M. R.; Mahmoud,  A.;
Mohamed,  E.A. and  Kuldeep, D.
(2016). Nutritional and healthical
aspects  of  spirulina   (Arthrospira)
for   poultry, Animals and Human. Int.
J. Pharmacol.; 12: 36-51.

20- Grigorova, S.; Abadjieva, D. and
Gjorgovska, N. (2017). Influence of
natural sources of  biologically active
substances on livestock and poultry
reproduction. Iran. J. of  App. Anim.
Sci.; 7(2): 189-195.

21- Khatun, Sh.; Maity, M.; Perveen, H.;
Dash, M. and Chattopadhyay, S.
(2018). Spirulina platensis ameliorates
arsenic-mediated uterine damage and
ovarian steroidogenesic disordes.
FACETS; 3(1):21-20.

22- Forge, T.; Monnier-Barbarion, P.;
Alberto, I.M.; Gurant-rodriguez, R.M.;
Daval, J.I.  (2007). Impact of  folate and
homocystein metabolism on human
reproductive health. Hum. Repr.
Update.; 13:225-238.

23- Gaskins, A.J.; Mumford, S.L.;
Chavarro, J.E.; Zhang, C.; Pollack,
A.Z.; Wactawski-Wende, J.; Perkins,
N.J. and Schisterman, E.F. (2012). The
impact of dietary folate intake on
reproductive function in premenopaasal
women : A Prospective cohort study.
Plos.; 7(9): e 46276.

24- Peiretti,  P.G. and  Meineri, G.  (2011).
Effects  of  diets  with  increasing
levels of  Spirulina  platensis  on  the
carcass characteristics,  meat  quality
and  fatty acid  composition  of
growing  rabbits. Livest. Sci.; 140: 218-
224.

25- Hoseini,  S.M.;  Khosravi-Darani  ,  K.
and  Mozafari, M. R. (2013).
Nutritional and medical applications of
spirulina microalgae. Mini-Rev. in
Med. Chem.; 13(8):1231–1237.

26- Kapoor, R. and Mehta, V.(1998).
Supplementation effect of spirulina on
hematological status of rats during
pregnancy and lactation. Plant  Foods
for  Hu. Nutri.; 52: 315-324 .

27- George, E.; Adeeb, N. and Ahmed, J.
(1980). Iron stores in pregnancy. Med. J
Malaysia .; 35: 129.

28- Ismail, M.F.; Ali, D.A.; Fernando, A.;
Abdraboh, M.E.; Gaur, R.L.; Ibrahim,
W.M.; Raj, M.H. and Ouhtit, A. (2009).
Chemoprevention of  rat liver toxicity
and carcinogenesis by spirulin. Int. J.
Biol. Sci.; 5(4):377-387 .

29- Mangiagalli,
M.G.;Cesari,V.,Cerolini,S.,Luzi,  F. and
Toschi, I.(2012). Effect of lycopene
supplementation on semen quality and
reproductive performance in rabbit.
Worl. Rabb. Sci.; 20: 141–148.

30- James, R., Sampath, K.; 
Thangarathinam, R. and Vasudhevan, I. 
(2006). Effects of dietary spirulina on 
growth, fertility, coloration and 
leucocytes count in red swordtail, 
xiphophours helleri. Israeli J. Aquacult; 
58 (2): 97-104 . 



Hussin et al.,

 42

6وب حمض الفولیك  من  ومزیج سبیرولینا المجرعة بال  لبالغةا  ناثللأ   ةالتناسلیتقییم الحالة 
 12 وب

 علوان وحیدر كاظم عباس   عبدالالھ  حسین ونورسزھراء فلاح 

 . البصرة، العراقجامعة  ، البیطريكلیة الطب  الحیاتیة، والكیمیاء  فرع الفسلجة والادویة

 الخلاصة

تأثیرات       تقییم  إلى  الحالیة  الدراسة  السبیرولیناھدفت  (  إعطاء  الفم  غذائيعن طریق  على  كمكمل  التناسلیة  )  لإناث الكفاءة 
البالغة (  الارانب  الأرانب  إناث  تقسیم  (   18إلى    16  بعمروتم  مجموعات  ثلاث  إلى  ھذه   10أسبوعًا)  مجموعة).   / أرانب 

الأولى) كمجموعة    المجموعات (المجموعة  بجرعسیطرة  ھي:  الثانیة) تعطى سبیرولینا  (المجموعة  / كجم من   0.5(  ةو  جم 
من وزن م / كجم  لغم  1+ 50+ 2.5(  12ب  و   6  الفولیك، وب من حمض    أعطیت مركبوزن الجسم) و (المجموعة الثالثة)  

من الذكور الذین    2تم التزاوج بشكل طبیعي من قبل    العلاج،  فترة  لمدة أربعة أسابیع. في نھایة  امیعجمیع المج  عولجت)  الجسم
كیز ھرمون  ا. أظھرت النتائج عدم وجود اختلاف معنوي في ترمع اناث المجامیع المعالجة  مجموعة)لم یتم علاجھم (ذكران /  
بین جمیع   المركبة  ،المجامیع الاستروجین  المجموعة  في  معنویًا  انخفاضًا  البروجسترون  تركیز  أظھر  الثالثة   بینما  المجموعة 
. امیعظھر فروق ذات دلالة إحصائیة في كل المجیكما أن ھرمونات التستوستیرون لم    .DXN-sprومقارنة بمجموعة التحكم  

تركیزات   أن  المجموعة    LHو  FSHیبدو  في  ملحوظ  بشكل  الأخریین.    الثالثةانخفضت  المجموعتین   معدلارتفع  وأكثر من 
رى. كما ظھرت زیادة معنویة في الأخ  امیع) مقارنة بالمجDXN-Sprالخصوبة وعدد خصوبة الإناث في المجموعة الثانیة (

الموا بمجموعتي    الیدوزن  مقارنة  المجموعة  ھذه  في  الخصوبة  سبیرولینا    بان  نستنتج  .3رقم    والمجموعة  السیطرةونسبة 
ة والھرمونات  التناسلی  الكفاءةمضادات أكسدة طبیعیة یحسن  یعمل كجم / كجم من وزن الجسم)    0.5عن طریق الفم (  المجرع

 التناسلیة.

فئران‘ حامض الفولیك.  الكلمات المفتاحیة: سبرولینا‘   
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