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Short Communication
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Abstract

Background: Reproductive problems such as impaired folliculogenesis and anovulation are observed in diabetic women.
Material and Methods:

Objectives: In this study the protective effects of Aloe vera (a traditional herb) on oocytes and ovarian folliculogenesis, were inves-
tigated.
Methods: For this purpose 25 mice were divided in five groups: control, Aloevera trated mice, insulin treated and aloe vera treated
diabetics and diabetics. Diabetes were induced by a single injection of stereptozotocin (190 mg/kg, intraperitoneally). Ovulation
and maturation rate, oocytes quality and ovarian folliculogenesis were studied after super ovulation.
Results and Conclusions: The results suggest that Aloevera has protective effects on the ovary and oocyte in STZ induced diabetic
mice
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1. Background

Type 1 diabetes has some adverse effects on reproduc-
tion and reproductive organs. Diabetes conditions sup-
press follicular development and ovarian steroidogene-
sis, increased granulosa cell apoptosis and compromised
oocyte nuclear maturation and ovulation [1-3]. Lower nu-
clear matured oocyte - indicated by percentage of GVBD
and MII ova proportion at ovulation - were recovered from
superovulated diabetic mice. Insulin treatment of type 1
diabetes lead to truncate this maturation delays that con-
firmed by several previous studies [4, 5]. Insulin treatment
not only improve the maturation rate of oocytes in Strep-
tozotocin (STZ) induced diabetics [5], but reverses the di-
abetes effects on in vitro maturation outcome in rat [4].
Several studies confirmed the antidiabetic effects of Alo-
evera, a plant from liliacae family [6, 7]. Polysaccharides,
mannans, anthraquinones, lectins, salicylic acid, urea, ni-
trogen, cinnamic acid, phenol, sterols and sulphur have
been reported as active compounds of Aloevera [8]. Anti-
hyperglycemic activity of this plant has well confirmed in
STZ or Alloxan induced diabetic animals [3, 9]. Free radicals
generated in diabetes conditions could adversely affect re-
productive organs and tissues. The antioxidant activity of
Aloevera has reported, that could effectively ameliorate the
oxidative stress inflicted by diabetes condition in hepatic
and kidney tissues [6, 10]. Free radicals play a key role in

granulosa cell apoptosis in follicle atresia under the regu-
lation of estradiol and gonadotropins that altered under
diabetes condition.

2. Objectives

In this study sought to determine that Aloevera gel ad-
ministration could ameliorate the effect of STZ-induced di-
abetes condition on follicular development, oocyte matu-
ration and ovulation.

3. Methods

3.1. Animal Housing and Experimental Design

25 female (24 - 29 g and 8 - 10 weeks old, were pur-
chaised from animal house center of Jundishapour Ahwaz
University) NMRI mice were used. 15 mice received a sin-
gle dose of 190 mg/kg stereptozotocin (STZ) to generate the
diabetic model. Blood glucose was measured at 7 days af-
ter STZ injection by a glucometer (On-call plus, USA). Ani-
mals with glucose level more than 300 mg/dL considered
as diabetics. The animals devided to 5 groups: 1: control
group (received normal salin), 2: Aloe (received Aloevera
350 mg/kg/day by gavage), 3: Diabetic, 4: Diabetics received
Aloe (350 mg/kg/day by gavage), 5: Diabetic + insulin (re-
ceived Insulin). The blood glucose of some of nondiabet-
ics was also randomly checked to ensure that it was less
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than 250 mg/dL. The animals were caged in plastic cages in
12 hours light/dark cycle and temperature of 22 ± 2°C and
free access to food and water, and the study was approved
by the animal ethics committee of the University of Shahid
Charmin University, Iran.

3.2. Oocyte Collection

All animals were superovulated by 10 IU PMSG (Fari-
man, Iran) interaperitoneal injection followed approxi-
mately 48 hours later by 10 IU hCG (Pregnil, Netherlands).
Oviducts were flashed and oocyte cumulus complexes
were recovered from each ampullae approximately 16 - 18
hours after hCG injection and denuded by gently pipetting
in Ham’s F-10 medium containing 10% BSA (Sigma, USA)
and 1 mg/mL Hyaloronidase (Sigma, USA). Oocyte was eval-
uated morphologically to estimate the mature and nonma-
ture stages oocyte percentage. Oocyte diameter was mea-
sured excluding the zonapellucida. Perivitellin space and
zonaplucida diameter was measured with Image J 1.48 pro-
gram.

3.3. Ovary Sectioning

The paraffin embded ovaries were sectioned in 5 µm
sections and stained by hematoxylin and Eosin. Sections
were studied to find the growing follicle percentage in
each class. Primordial follicles charactherizes by a primary
oocyte surrounded by single layer of squamous cells. If sin-
gle layer of cuboidal cells surrounded the primary oocyte,
it became primary follicle. Two or more layers of granulosa
cells located around the oocyte of secondary follicle. When
a single antrum was formed, it called tertiary follicle. The
mature follicles are caractherized by formation of mature
theca internal cells. Presence of pycnotic oocyte and gran-
ulose cells determined the artistic follicles.

3.4. Statistical Analysis

SPSS version 19.1 software was used for statistical analy-
sis. Differences between all groups were compared by one-
way ANOVA with LSD post hoc test. Results are expressed
as means ± SEM of at P < 0.05 was considered statistically
significant.

4. Results

4.1. Morphological Evaluation of Recovered Oocytes

The results determine that diabetes affected oocyte
morphology and maturation rate. As represented in table
1, oocyte and perivitellin space diameter were influenced
by STZ induced diabetes. Aloevera and insulin treatment
increased the oocyte diameter significantly compared to

diabetic group (P < 0.01). Insulin had reversed the reduc-
tion effect of diabetes on oocyte size significantly (P < 0.01),
but except in perivitellin space diameter. There was no
significant difference between oocyte diameters of Aloev-
era and insulin treated diabetic mice. Data analysis indi-
cate that Aloevera was more effective than insulin in re-
duction of perivitellin space diameter in diabetic mice (P <
0.01); but it did not normalize it. There was no significant
difference between oocyte diameters of Aloevera and con-
trol groups. There was no significant difference between
zonapellucida diameters of ovulated oocytes in five exper-
imental groups (P > 0.05). Results show that the ovulated
oocytes adversely affected by diabetes compared to con-
trol groups. Aloevera and insulin treatment increased the
ovulated oocyte number per animal compared to diabetic
mice. Results indicated that Aloevera could improve ovula-
tion rate more efficient than insulin (P < 0.01). Oocyte nu-
clear maturation starts with germinal vesicle break down,
followed by metaphase I stage and extrusion of first po-
lar body at metaphase II (MII) stage. Statistical analysis
of oocyte nuclear stage indicates that MII oocyte percent-
age (maturation rate) was decreased significantly in dia-
betic group (72.22±4) compared to control group (91.50±
1.95, P < 0.001). Aloevera and insulin administration were
reversed the effects of diabetes on maturation rate (Table
2). Further investigation shows that the percentage of MI
stage oocytes in diabetic group (18.88 ± 1.11) was higher
than Aloevera and insulin treated groups (10.79 ± 2.77 and
7.97 ± 2.81 respectively, P < 0.01). Comparison of MI per-
centage in two treated diabetic groups shows that insulin
diminished it more than Aloevera (P < 0.05). Maturation
rate were adversely affected by diabetes (P < 0.001). MII
oocyte percentage was decreased significantly in diabetic
group compared to control mice. Aloevera and insulin ad-
ministration were effectively reversed the diabetes effects
on maturation rate (Table 2).

4.2. Follicular Development in Response to Superovulation Reg-
imen

The follicle percentage in each class was statistical an-
alyzed. Data shows that primary follicle percentage was
decreased in diabetes condition significantly compared to
control group (P < 0.001).The primary follicle percent was
increased by Aloevera and insulin treatment compared to
diabetic group. Statistical analysis represents a significant
increasing in tertiary follicles percentage in three diabetic-
groups compared to control group that was coincised with
decreasing in ovulation rate as compared to control ani-
mals. Mature follicles have been increased in diabetic mice
and diabetics which treated by insulin, but Aloevera treat-
ment turn them to control group. The other histological
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finding was the increasing of the vascularity in Aloevera
treated groups compare to the other groups.

Table 1. The Oocyte Number Per Animal, Oocyte Diameter (µm), Privitellin and Zon-
apellucida Diameter (µm), in 5 Experimtal groups (Mean ± SEM)

Group Oocyte
Number

Oocyte
Diameter,

µm

Zona
Pellucid
Diameter,

µm

Perivitellin
Space

Diameter,
µm

Control 21 ± 2.36 71.21 ± 0.40 7.86 ± 0.10 3.31 ± 0.18

Aloe 24.42 ± 2.14 72.15 ± 6.53 7.87 ± 0.09 4.01 ± 0.23

Diabetic 5.2 ± 1.48 63.08 ±
0.57

8.09 ± 0.37 6.22 ± 0.29

Diabetic +
Aloe

17 ± 1.52 69.66 ±
0.25

8.29 ± 0.21 4.19 ± 0.23

Diabetic +
Insulin

14.7 ± 1.34 68.68 ±
0.46

7.79 ± 0.12 5.71 ± 0.51

Table 2. Mean ± SEM Value of Primary, Secondary, Tertiary and Mature Follicles, CL
and Ovulation rate in 5 Groups

Group
Follicle
Class

Control Aloe Diabetic Diabetic
+ Aloe

Diabetic
+

Insulin

Primary
F.

46.89 ±
1.26

47.73 ±
1.23

26.20 ±
0.77

38.64 ±
0.99C

31.77 ±
4.01

Secondary
F.

21.38 ±
0.86

24.68 ±
2.20

16.94 ±
0.33

20.36 ±
0.85BC

16.67 ±
1.41

Tertiary
F.

3.89 ±
0.51

4.28 ±
0.32A

5.20 ±
0.59

4.7 ±
0.52B

4.7 ±
0.54

Mature
F.

2.14 ±
0.60

2.40 ±
0.24

3.8 ±
0.49

2.35 ±
0.45A

2.76 ±
0.47A

Atretic
F.

19.69 ±
0.82

14.81 ±
1.47

42.88 ±
1.10

28.15 ±
1.08C

38.90 ±
3.05

CH + CL 5.98 ±
0.05

6.07 ±
0.33

4.9 ±
0.54C

5.74 ±
0.25AB

5.10 ±
0.29

Ovulation
rate
(oocyte
No/animal)

2.36A ±
21

2.14B ±
24.42

1.48 C ±
5.2

1.52 D ±
17

14.7 ±
1.34

5. Discussion

Many earlier studies showed that ovulation impairs in
diabetic conditions [3, 10], that is in accordance with our
findings. Approximately one third of ova were ovulated
following superovulation in diabetic mice compared with
controls. Accurate analysis of ovulated oocytes shows that
diabetes delayed meiotic progression to metaphase II, and
lowered morphological quality of the ovulated oocytes in
diabetic mice, that represented by reduction of oocyte di-
ameter and increase of perivitelline space. And Aloevera

and insulin administration were effectively reversed the
diabetes effects on meiosis process.

The communication between cumulus and oocyte may
cause inability of oocyte to complete maturation at the
time of isolation. It is reported that overnight culture of
denuded oocytes lead to complete meiosis (98%) at control
level, while in COC culture, MII reached oocytes were signif-
icantly lowered compared to controls [11]. Powers et al. [12],
suggest that the decreasing in ovulation rate may be due
to impairment of nitric oxide protection, due to a defect in
the blood follicle barrier in diabetic ovaries. The endothe-
lial defects may cause a delay in the hCG-stimulated influx
of the serum glycoprotein, interα-inhibitor that is associ-
ated with a deficit in superoxide dismutase activity. Severe
hyperglycemic condition of STZ induced diabetes dimin-
ished ovulation rate in mice [13]. Insulin is disabling to
prevent or reverse vasculopathy and complication of type
1 diabetes mellitus (Waxman et. al. 1993). It has found
that the vascularity was more in Aloevera treated groups
than the others. This effect of Aloevera on ovarian struc-
ture was reported in previous studies [14]. The other proba-
ble mechanisms of hypoovulation are hypothalamic ovar-
ian defect in diabetics associated with suppressed LH surge
in ovarian steroidogenesis, or low response to hormones.
The analysis of follicular development and ovulation rate,
suggests that diabetes cause some effects on secondary
follicles to tertiary and therefore mature follicles transi-
tion, and then anovulation of some cases occure subse-
quently. Aloevera improved follicle development and ovu-
lation partially, in diabetic mice. Kosif and Aktas (2009)
[14] Reported that daily Aloevera treatment (140 mg/kg by
gavage) lead to decrease in primary follicle numbers, in-
crease in secondary follicle numbers, in rats, that in accor-
dance with our findings. They reported that Aloevera di-
minished the secondary follicle diameters in ovaries. It is
indicated that maternal diabetes affect female foetal go-
nads which reflects by reduction in ovarian weight, ovar-
ian size, follicule number and follicle diameter in the off-
spring ovaries even in reproductive period after birth [15].
It has reported that usage of Aloevera extract during gesta-
tional age of 18 day embryo of diabetic rats caused signif-
icant increasing in primordial follicle cell numbers in the
ovary [15]. The results of present study showed that treat-
ment of diabetic mice with Aloevera increased the ovula-
tion and maturation rate, and, and decreased follicle atre-
sia, significantly.

Acknowledgments

Hereby, research deputy of Shahid Chamran University
of Ahvaz will be highly appreciated for financial funding of

Zahedan J Res Med Sci. 2016; 18(8):e7939. 3

http://zjrms.com


Afrough M et al.

this study. This article is a part of Dr. Mahsa Afrough post-
graduation thesis under the code 94217128 in Shahid Cham-
ran University.

Footnotes

Authors’ Contribution: All authors had equal role in de-
sign, work, and statistical analysis.

Funding/Support: Shahid Chamran University, Ahvaz.

References

1. Doblado M, Moley KH. Glucose metabolism in pregnancy and em-
bryogenesis. Curr Opin Endocrinol Diabetes Obes. 2007;14(6):488–93.
doi: 10.1097/MED.0b013e3282f1cb92. [PubMed: 17982357].

2. Hosseinifar S, Erfanimajd N, Morovvati H, Najafzadeh H. Aloe vera
gel protects ovarian structure in diabetic rat. Am-Eurasian J Toxico Sci.
2011;3(3):197–203.

3. Chang AS, Dale AN, Moley KH. Maternal diabetes adversely affects pre-
ovulatory oocyte maturation, development, and granulosa cell apop-
tosis. Endocrinology. 2005;146(5):2445–53. doi: 10.1210/en.2004-1472.
[PubMed: 15718275].

4. Colton SA, Pieper GM, Downs SM. Altered meiotic regulation in
oocytes from diabetic mice. Biol Reprod. 2002;67(1):220–31. [PubMed:
12080021].

5. Kim NN, Stankovic M, Cushman TT, Goldstein I, Munarriz R, Traish AM.
Streptozotocin-induced diabetes in the rat is associated with changes
in vaginal hemodynamics, morphology and biochemical markers.
BMC Physiol. 2006;6:4. doi: 10.1186/1472-6793-6-4. [PubMed: 16734901].

6. Rajasekaran S, Sivagnanam K, Subramanian S. Antioxidant effect of
Aloe vera gel extract in streptozotocin-induced diabetes in rats. Phar-
macol Rep. 2005;57(1):90–6. [PubMed: 15849382].

7. Okyar A, Can A, Akev N, Baktir G, Sutlupinar N. Effect of Aloe vera leaves
on blood glucose level in type I and type II diabetic rat models. Phy-
tother Res. 2001;15(2):157–61. [PubMed: 11268118].

8. Hamman JH. Composition and applications of Aloe vera leaf gel.
Molecules. 2008;13(8):1599–616. [PubMed: 18794775].

9. Perez YY, Jimenez-Ferrer E, Zamilpa A, Hernandez-Valencia M, Alarcon-
Aguilar FJ, Tortoriello J, et al. Effect of a polyphenol-rich extract from
Aloe vera gel on experimentally induced insulin resistance in mice.
Am J Chin Med. 2007;35(6):1037–46. doi: 10.1142/S0192415X07005491.
[PubMed: 18186589].

10. Sivagnanam S, Subramanian KS. Antioxidant effect of Aloe vera gel
extract in streptozotocin-induced diabetes in rats. Pharmacol Report.
2005;57(1):90–6.

11. Diamond MP, Moley KH, Pellicer A, Vaughn WK, DeCherney AH. Effects
of streptozotocin- and alloxan-induced diabetes mellitus on mouse
follicular and early embryo development. J Reprod Fertil. 1989;86(1):1–
10. [PubMed: 2526873].

12. Powers RW, Chambers C, Larsen WJ. Diabetes-mediated decreases in
ovarian superoxide dismutase activity are related to blood-follicle
barrier and ovulation defects. Endocrinology. 1996;137(7):3101–10. doi:
10.1210/endo.137.7.8770936. [PubMed: 8770936].

13. Wang Q, Ratchford AM, Chi MM, Schoeller E, Frolova A, Schedl T, et
al. Maternal diabetes causes mitochondrial dysfunction and meiotic
defects in murine oocytes. Mol Endocrinol. 2009;23(10):1603–12. doi:
10.1210/me.2009-0033. [PubMed: 19574447].

14. Kosif R, Aktas RG. Investigation of the effects of Aloe barbadensis on
rat ovaries: a preliminary study. J Med Food. 2009;12(6):1393–7. doi:
10.1089/jmf.2009.0035. [PubMed: 20041799].

15. Khaksar Z, Jelodar G, Hematian H, Poorahmadi M. Ovarian Histomor-
phometry at Puberty in Rat Offspring from Diabetic Mothers. World J
Zoology. 2013;8(1):24–9.

4 Zahedan J Res Med Sci. 2016; 18(8):e7939.

http://dx.doi.org/10.1097/MED.0b013e3282f1cb92
http://www.ncbi.nlm.nih.gov/pubmed/17982357
http://dx.doi.org/10.1210/en.2004-1472
http://www.ncbi.nlm.nih.gov/pubmed/15718275
http://www.ncbi.nlm.nih.gov/pubmed/12080021
http://dx.doi.org/10.1186/1472-6793-6-4
http://www.ncbi.nlm.nih.gov/pubmed/16734901
http://www.ncbi.nlm.nih.gov/pubmed/15849382
http://www.ncbi.nlm.nih.gov/pubmed/11268118
http://www.ncbi.nlm.nih.gov/pubmed/18794775
http://dx.doi.org/10.1142/S0192415X07005491
http://www.ncbi.nlm.nih.gov/pubmed/18186589
http://www.ncbi.nlm.nih.gov/pubmed/2526873
http://dx.doi.org/10.1210/endo.137.7.8770936
http://www.ncbi.nlm.nih.gov/pubmed/8770936
http://dx.doi.org/10.1210/me.2009-0033
http://www.ncbi.nlm.nih.gov/pubmed/19574447
http://dx.doi.org/10.1089/jmf.2009.0035
http://www.ncbi.nlm.nih.gov/pubmed/20041799
http://zjrms.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animal Housing and Experimental Design
	3.2. Oocyte Collection
	3.3. Ovary Sectioning
	3.4. Statistical Analysis

	4. Results
	4.1. Morphological Evaluation of Recovered Oocytes
	4.2. Follicular Development in Response to Superovulation Regimen
	Table 1
	Table 2


	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Funding/Support

	References

