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Abstract

General Background: Infertility remains a significant global health challenge, affecting
approximately 60—80 million couples worldwide. Assisted Reproductive Technologies (ART) arewidely
employed to address infertility, and assessing oocyte viability is essential for ensuring the success of
these techniques. Specific Background: The conventional trypan blue stain is commonly used for
oocyte viability assessment, but concerns regarding its synthetic composition and potential
cytotoxicity have prompted the search for safer alternatives. Knowledge Gap: Limited research has
explored the use of natural pigments for oocyte viability testing, particularly those derived from
antioxidant-rich sources like berries. Aims: This study aimed to develop and evaluate a novel natural
pigment, named Khudhory Red, extracted from mulberry (Morus rubra), as an eco-friendly and safe
alternative to trypan blue. Results: The pigment successfully differentiated viable and non-viable
oocytes without causing cytotoxic effects, showing comparable performance to trypan blue in staining
selectivity and clarity. Novelty: This is the first documented use of mulberry extract as a natural
oocyte viability stain, demonstrating both safety and cost-effectiveness. Implications: The findings
suggest Khudhory Red as a sustainable and biocompatible pigment for reproductive biology research,
potentially replacing synthetic dyes in oocyte assessment.

Highlight :

+ The study successfully prepared a new pigment (Khudhory Red) to evaluate oocyte viability.
+ The new pigment showed no side effects on oocytes and acted similarly to trypan blue.

+ Khudhory Red is natural, organic, safe, cheap, and easily available.

Keywords : Infertility, Oocyte, Khudhory Red Pigment, New Pigment, Trypan Blue
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Introduction

Infertility is the inability to create a pregnancy and give birth after 12 months of marriage (intercourse). Infertility is a
global problem. Around the world, there are approximately 60-80 million couples affect from infertility [1]. The most
important factors of infertility are disorders of the reproductive system, and reproductive system diseases [2], [3].

Assisted reproductive technology (ART) is the widely employed modality to alleviate and treatment of infertility. Every year,
tens of thousands are born as a result of assisted reproductive technology(4). ART are used to overcome infertility, its
procedures include those infertility therapy in which oocytes are handled in the laboratory.

To assess the oocytes viability and membrane integrity of the oocytes were used the vital dye staining (trypan blue). Trypan
blue is a dye used to measure the viable (live) oocytes by tagging non-viable (dead) oocytes only. Trypan blue cannot pass
through cell membrane of the viable oocytes and penetrate cytoplasm, but in the non-viable oocytes, its inter the membrane
through porous and penetrate the cytoplasm and color it blue [4].

Some types of the berries, such as blueberry(vaccinium corymbosum ), blackberry (Rubus caesius ), black chokeberry
(Aronia melanocarpa ), cranberry (Vaccinium macrocarpon ), and mulberry ( Morus rubra L. ). Berries is a valuable
medicinal plant that is widely plants in world, Mulberry fruit, contain a wide uses in medical filed, mulberry extract is
considered one of the most important antioxidant. Some studies have shown that mulberry can increase the expression of
the anti-apoptotic factor and reduce the expression of the pro-apoptotic factors [5], [6].

Extract of the mulberry fruits have hypoglycemic activity in in vitro and in vivo experiments, also its prevents diabetes by
regulation of blood glucose through upregulation of antioxidative activity. The insoluble-bound of the berries are important
natural sources of antioxidants for preventing diseases associated with oxidative stress . Mulberry extract have good
hypoglycemic activity because it is rich in flavonoids and polysaccharides. In addition, it is can prevention and treatment
diabetes mellitus. Also has effects on diabetic complications of the central nervous system by upregulating the antioxidative
activity [7], [8].

In this study, work to finding a new pigment as an alternative to trypan blue, it is an organic, natural and more safety,
approximately without side effects. In this work was used the mulberry extract as a pigment to evaluate the viability of
oocyte because its natural and organic without side effects on the oocytes. Also it is available and cheap [9].

Berries

Bioactive compounds possess high antioxidants (the substances that can scavenge free-radicals) capacity. Some antioxidants
help to decrease the incidence of oxidative stress induced damage. The berries are full of bioactive compounds that are
belong to antioxidants such as fruit colorants ( carotenoids and anthocyanins ), and phenolic compounds [10]. The phenolic
acid in the berries such as hydroxycinnamic acid and hydroxybenzoic conjugates. Flavonoids, such as Anthocyanins,
flavanols, and flavonols. Other components are tannins (hydrolyzable tannine, and condensed tannins) [11], [12]. Also, there
are antioxidants such as vitamins (ascorbic acid) and minerals with antioxidant properties, that are considered included
bioactive compounds .

One of the most important components of berries is anthocyanin, which is a very strong antioxidant and is used to treat
many diseases and is responsible for pigment and color gradations in berries. It is considered the active substance in
pigmentation [13].

The chemical composition of berries. The berries contain low in calories, but high in sugars. Also, has a high content of fiber
such as pectin, cellulose, hemicellulose, but small amounts of fat; some vitamins such as folic acid and ascorbic acid; organic
acids, such as malic acid, tartaric acid, citric acid, and oxalic acid; trace amount of certain minerals. Figure (1) mulberry.

Figure 1. Mulberry

Materials and Methods

A. Oocytes collection

From a local abattoir collect the ovaries and transplantation to the laboratory during 45 minutes by container containing a
normal saline (NS), with 37°C. separation the ovaries follicles from ovaries, using a 5 mL syringe with a 23-gauge needle.
Then, the oocytes washed three times with simple medium assisted reproductive technologies ( SMART medium) . this work
were used the cumulus-oocytes complexes (COCs) with homogenous cytoplasm.
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Figure 2. Sheep ovaries after being collected and washed.

B. Aspiration of Oocytes

Using a sterile disposable 5 mL syringe with a 23 gauge hypodermic needle for aspirating the oocytes with follicular fluid.
By aspiration technique (figure 3), Aspirated oocytes from all the visible follicles on the ovarian surface with (4-6 mm) in
diameter. This syringe contains (5%) BSA with 0.5 mL SMART medium and (20 IU/ml) heparin. Empty the contents of each
syringe in a petri dish, examine this content for collected oocytes was under the dissected microscope using a modified
pasture pipette or automatic micropipette then washed the oocytes (3-4) times with medium ( figure 4 ).
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Figure 4. Retrieved oocytes under a dissected microscope(X=100)
C. Preparation of trypan blue
Use the trypan blue stain to differentiate the non-viable oocytes from viable oocytes before using the new stain (khudhory
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red) for evaluation purpose. The trypan blue stain is prepared through adding (0.2 g) of powder of the trypan blue to the
normal saline (50 ml). then, for filtration used the filter paper. After this, placed inside a refrigerator in a dark bottle.

D. Preparation of khudhory red (new stain)

This study was used mulberry. The mulberry were collected from any markets. Then, it is washed twice or three with tap
water inside the laboratory, after that, it is squeezed manually in a small dish and then the juice is taken, put it in a tube,
and leave for two hours. In the last, withdrawn the supernatants, then filtration by filter paper, and store (without any
addition) in the refrigerator in a dark bottle, figure (5 ).

Figure 5. New Pigment (khudhory red pigment)

E. Viability test

In the beginning, examine the viability for all oocytes with trypan blue to classified it into live (viable) oocytes (unstained)
(figure 6), and dead (non-viable) oocytes (full stain) are removed. Second step, using the khudhory red to evaluate viability
of oocytes. Then, these oocytes (viable) are left to die, by leaving them in unsuitable conditions such as low\ high
temperatures or medium without nutrients outside the incubator. third step, again stain with khudhory red, unstained
oocytes are viable (figure 77), and full stain oocytes (red in colour) are non-viable (dead)(figure8).
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Figure 6. Oocytes without any stain

Figure 7. Viable oocyte after khudhory red
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Figure 8. Non-viable oocyte after khudhory re

Results and Discussion

During this study, aspirated (82) oocytes from (44) ovaries, were obtained from a local slaughterhouse. The highest
percentage of recovered oocytes was (250 %), and the lowest percentage of recovered oocytes was (112.5 %) table1). The
highest and lowest percentage of recovered mature oocytes was( 44.44 % ), and (10 %) respectively [14]. While the highest
and lowest percentage of recovered immature oocytes was ( 76.92 % ), and ( 44.44 % ) respectively. ( 11.11 % ) is the
highest percentage of recovered atretic oocytes, and ( 0 %) is the lowest percentage of recovered atretic oocytes, table (1)

[ Table 1: is here ]

The total number of oocytes was (82). number of mature oocytes was (20) from the total number, while the number of
immature oocytes was (57), and number atretic oocytes was (5), obtained from (44) ovaries. Most of the recovered oocyte
was immature and lowest number oocytes was mature with few atretic oocytes [15], [16].

Classification of oocytes

Classification recovered oocyte was after aspiration into; oocytes with cumulus cells (-CC), and oocytes without cumulus
cells (+CC). In this work, the percentage of oocytes with cumulus cells was (81.99 %), while the percentage of oocytes
without cumulus cells was (18.01 %), figure (9).
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Figure 9. oocytes with and without cumulus cells ( +CC, -CC )

Viability of oocytes :

After were collection of oocytes, examine the viability for all oocytes after it has been prepared and washed in laboratory,
with trypan blue to classified it into live (viable) oocytes (unstained)(figure 10 A), and dead (non-viable) oocytes (full
stain)(figure 10B). To assess the oocytes viability and membrane integrity of the oocytes were used the trypan blue stain
(vital dye). Trypan blue is a dye used to measure the viable (live) oocytes by tagging non-viable (dead) oocytes only(6).

Trypan blue cannot pass through cell membrane of the viable oocytes and penetrate cytoplasm, but in the non-viable
oocytes, its inter the membrane through porous and penetrate the cytoplasm and color it blue. As a result, all blue oocytes
were dead, while non-blue oocytes are viable [17].

Second step, remove all non-viable oocytes, and then using the khudhory red to evaluate viability of oocytes. Then, these
oocytes (viable) are left to die, by leaving them in unsuitable conditions such as low\ high temperatures or medium without
nutrients outside the incubator [18], [19] [20]. Third step, again stain with khudhory red, unstained oocytes, the stain cannot
inter cytoplasm are viable (live)(figure 11A), and full stain oocytes, the khudhury red pass through membrane by porous and
penetrate cytoplasm (red in colour) are non-viable (dead)(figure 11B) [21], [22], [23].

Thus, it is said that every oocyte that acquires a red color is dead (non-viable), and any oocyte that does not acquire a red
color is a live (vible).
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A

Figure 10. Non-Viable Oocyte (dead) After Trypan Blue

B

Figure 11. Viable Oocyte (live) After Trypan Blue
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A

Figure 12. Non-Viable Oocyte (dead) After Khudhory Red

B

Figure 13. Viable Oocyte (live) After Khudhory Red

Conclusion

1. From the results of the present study it was concluded that the new pigment (khudhory red) has been evaluated the
oocytes viability and no side effects on oocyte viability.

2. Successful preparation of new pigment.

3. Successful evaluation of oocytes viability by khudhory red pigment.
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4.new pigment ( khudhory red ) act as trypan blue.

Abbreviations

1. ART Assisted reproductive technologies

2.NS Normal Saline

3.SMART Simple Medium Assisted Reproductive Technologies

4.COCs Cumulus-Oocytes Complexes

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. S. G. Sudha and K. S. Reddy, "Causes of Female Infertility: A Cross-Sectional Study," International Journal of Latest

Research in Science and Technology, vol. 2, no. 6, pp. 119—123, 2013.

. T. S. Palihawadana, P. S. Wijesinghe, and H. R. Seneviratne, "Aetiology of Infertility Among Females Seeking

Treatment at a Tertiary Care Hospital in Sri Lanka," Ceylon Medical Journal, vol. 57, no. 2, pp. 79—83, 2012, doi:
10.4038/cmj.v57i2.4461.

. Centers for Disease Control and Prevention, American Society for Reproductive Medicine, Society for Assisted

Reproductive Technology, and RESOLVE, "2001 Assisted Reproductive Technology Success Rates: National
Summary and Fertility Clinic Reports," Atlanta, GA: Centers for Disease Control and Prevention, 2003.

. Centers for Disease Control and Prevention, American Society for Reproductive Medicine, and Society for Assisted

Reproductive Technology, "2005 Assisted Reproductive Technology Success Rates," Atlanta, GA: U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention, 2007.

. M. L. Sousa, A. Silva, F. Malhao, M. J. Rocha, E. Rocha, and R. Urbatzka, "Viability Analysis of Oocyte-Follicle

Complexes and Gonadal Fragments of Zebrafish as Baseline for Toxicity Testing," Toxicology Mechanisms and
Methods, 2013, doi: 10.3109/15376516.2013.846952.

. J. S. Kim, "Antioxidant Activities of Selected Berries and Their Free, Esterified, and Insoluble-Bound Phenolic Acid

Contents," Preventive Nutrition and Food Science, vol. 23, no. 1, pp. 35—45, 2018.

. C.-H. Liu, F. Liu, and L. Xiong, "Medicinal Parts of Mulberry (Leaf, Twig, Root Bark, and Fruit) and Compounds

Thereof Are Excellent Traditional Chinese Medicines and Foods for Diabetes Mellitus," Journal of Functional Foods,
vol. 106, p. 105619, Jul. 2023.

. R. H. Liu, "Health Benefits of Fruit and Vegetables Are from Additive and Synergistic Combinations of

Phytochemicals," American Journal of Clinical Nutrition, vol. 78, pp. 517S—520S, 2003.

. L. Xu, F. Yang, J. Wang, H. Huang, and Y. Huang, "Anti-Diabetic Effect Mediated by Ramulus Mori Polysaccharides,"

Carbohydrate Polymers, vol. 117, pp. 63—69, 2015.

X.L.Yin, H. Y. Liu, and Y. Q. Zhang, "Mulberry Branch Bark Powder Significantly Improves Hyperglycemia and
Regulates Insulin Secretion in Type II Diabetic Mice," Food and Nutrition Research, vol. 61, no. 1, p. 1368847, 2017.
S. Das, S. Das, and B. De, "In Vitro Inhibition of Key Enzymes Related to Diabetes by the Aqueous Extracts of Some
Fruits of West Bengal, India," Current Nutrition and Food Science, vol. 8, no. 1, pp. 19—24, 2012.

A.Y. Min, J. M. Yoo, D. E. Sok, and M. R. Kim, "Mulberry Fruit Prevents Diabetes and Diabetic Dementia by
Regulation of Blood Glucose Through Upregulation of Antioxidative Activities and CREB/BDNF Pathway in Alloxan-
Induced Diabetic Mice," Oxidative Medicine and Cellular Longevity, vol. 2020, 2020, doi: 10.1155/2020/1298691.
G. L. Wei, X.Y. Yu, Y. W. Deng, and Y. H. Lin, "Research on the Compound Beverage of Balsam Pear and Mulberry,"
Strait Pharmaceutical Journal, vol. 28, no. 8, pp. 38—40, 2016.

A. Y. Min, J. M. Yoo, D. E. Sok, and M. R. Kim, "Mulberry Fruit Prevents Diabetes and Diabetic Dementia by
Regulation of Blood Glucose Through Upregulation of Antioxidative Activities and CREB/BDNF Pathway in Alloxan-
Induced Diabetic Mice," Oxidative Medicine and Cellular Longevity, vol. 2020, p. 1298691, 2020.

V. Lobo, A. Patil, A. Phatak, and N. Chandra, "Free Radicals, Antioxidants and Functional Foods: Impact on Human
Health," Pharmacology Review, vol. 4, pp. 118—126, 2010.

E. Limberaki, P. Eleftheriou, E. Vagdatli, V. Kostoglou, and C. Petrou, "Serum Antioxidant Status Among Young,
Middle-Aged and Elderly People Before and After Antioxidant Rich Diet," Hippokratia, vol. 16, pp. 118—-123, 2012.

S. K. Basu, J. Thomas, and S. N. Acharya, "Prospects for Growth in Global Nutraceutical and Functional Food
Markets: A Canadian Perspective," Australian Journal of Basic and Applied Sciences, vol. 1, pp. 637—649, 2007.

A. Bjarnadottir, "Mulberries 101: Nutrition Facts and Health Benefits," Healthline, Feb. 22, 2019. [Online]. Available:
[https://www.healthline.com/nutrition/mulberries](https://www.healthline.com/nutrition/mulberries). [Accessed: Apr.
29, 2020].

N. Koca, A. Ustun, A. Koca, et al., "Chemical Composition, Antioxidant Activity and Anthocyanin Profiles of Purple
Mulberry (Morus Rubra) Fruits," Journal of Food, Agriculture and Environment, vol. 2, no. 6, pp. 39—42, 2002.

C. G. Kowalenko, "Accumulation and Distribution of Micronutrients in Willamette Red Raspberry Plants," Canadian
Journal of Plant Science, vol. 85, pp. 179—191, 2005.

S. H. Nile and S. W. Park, "Edible Berries: Bioactive Components and Their Effect on Human Health," Nutrition, vol.
30, pp. 134—144, 2014.

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).

16/16


https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
http://www.healthline.com/nutrition/mulberries)

