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Abstract

Background: In-vitro fertilization is successful Assisted Re-
productive Technology for infertility became one of the best
modalities for achieving the dream of having children in face
of many obstacles in fertility, many works have been done to
enhance the outcome of IVF especially the live birth rate and
all methods tried to support the luteal phase with many medi-
cations.

Objective: To evaluate the effect vitamin C supplementation at
dose of 1000mg per day on the day of oocyte retrieval on the
outcome of the In-vitro fertilization.

Methodology: A randomized open-label study was carried out
on 200 women undergoing In-vitro fertilization for infertility
treatment conducted at AlShorouk IVF clinic Benha city egypt.
They were randomly divided in two groups; one group received
1000 mg/day oral Vitamin C supplementation 1000mg divided
mto two capsules by day and night on the day of oocyte retrieval
along with the standard treatment protocol of In-vitro fertiliza-
tion and other group received standard treatment long protocol
for the In-vitro fertilization only. Pregnancy test done after 14
days and pregnant patient followed by regular visits till reaching
term and any morbidity recorded.

Results: Significant outcome regarding reaching full term
pregnancy occurred i the vitamin ¢ group with number of full
term pregnancies 65 out of 100 (65%) compared to only 45 out
ot 100 in the control group (45%) with p value 0.004 also the
rate of early miscarriage 1s higher in the control group 20% and
only 8% in the vitamin ¢ study group with p value 0.01.

Conclusion: Vitamin C supplementation has significantly im-
proved the outcome of In-vitro fertilization techniques with
reduced incidence of spotting and miscarriages along with im-
proved term pregnancy.

However a multimodal approach of analgesia/anaesthesia for
TUGOR 1s recommended to further improve on clients’ satis-
faction and acceptance.

Keywords: In-vitro fertilization, Vitamin C, Infertility, full term
pregnancy.
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Introduction

Vitamin C functions as a cofactor inmany en-
zymatic reactions that mediate a variety of
essential biological functions, includingcol-
lagen synthesis.

Vitamin C deficiency leads to impaired col-
lagen synthesis, contributing to the more
severe symptoms of scurvy.Another bio-
chemical role of vitamin C is to act as an an-
tioxidant (a reducing agent) by donating
electrons to various enzymatic and non-en-
zymatic reactions.!!”]

Dietary sources of vitamin C are guava, lime,
lemon, green leafy vegetables,Milk, and Ani-
mal products like liver and fish.

Ascorbic acid 1s necessary for the post trans-
lational hydroxylation of proline and lysine
residues to form hydroxyproline&hydroxy
lysine that make collagen strong by cross
liking collagen fibers which constitutes most
of connective tissue and mtercellular cement
substances of capillaries

Vitamin ¢ also involved in Hydroxylation of
tryptophan to 5-hydroxy tryptophanwith for-
mation of serotonin; serotonin is the key hor-
mone that stabilizes our mood, feelings of
well-being, and happiness.

Vit C reduces ferric iron to ferrous state,
which 1s preferentially absorbed from in-
testine and consequently raising Hemoglo-
binlevel and correct anemia. Also vitamin c
involved m Folic acid metabolism and Helps
the enzyme folatereductase to reduce folic
acid to tetrahydrofolic acid thus helps in mat-
uration of RBC.

Unexplained infertility affects 15% of cou-
ples in the United States:Its pathophysiology
remains unclear; Evidence suggests that ox-
1dative stress (OS) and low antioxidant sta-
tus may be associated with infertility of both
known and 1diopathic origin (1).

Lower total antioxidant status (TAS) 1s ob-
served m serum of women with polycystic
ovarian syndrome (a known risk factor for
female nfertility) and the peritoneal fluid of

women with 1diopathic infertility compared
with fertile control women (2,3).

Ascorbic acid is essential for maintenance
and synthesis of collagen during tissue de-
velopment and at sites of tissue damage, and
also for the maintenance of the slow collagen
turnover which occurs 1n mature tissues.

Vitamin ¢ acts as an electron donor, 1t 1s an
essential co-factor for the enzymes that hy-
droxylateproline and lysine residues during
the post-translational processing of pro-col-
lagen. Collagen synthesis 1is required for fol-
licle growth, for repair of the ovulated folli-
cle and for corpus luteum development.

Ascorbate will also be needed for secretion
of collagen and proteoglycans into follicular
fluid. To gauge the requirement during fol-
licle growth, the follicular basement mem-
brane and theca can be considered as the sur-
face of a growing sphere whose quantity will
increase as the square of follicular radius.

The radius of the graffian follicle may dou-
ble on a daily basis so the local demand for
collagen synthesis, and for ascorbate, will be
intense. (4).

These concepts have yet to be mvestigated
directly, but shown relevance in an early
study of mfertility in scorbutic guinea pigs
The antioxidant properties of ascorbic acid
are known to protect tissues from reactive
oxygen species such as 02-, OH-, H202, 02,
OCI-, NO, and metal-oxygen complexes
(5,6).

The ovary has long been recognized as a site
of ascorbic acid accumulation and turnover,
with the highest concentrations m the theca
interna, granulosa, and luteal compartments.

(6)

LH blocks the uptake of ascorbic acid by go-
nadotropinprimed ovaries. A change in the
retention and excretion of ascorbic acid oc-
curs at mid-cycle in women, associated with
LH secretion and temperature rise, and has

been proposed as a definitive marker of ovu-
lation [7].

There appears to be a biphasic change such
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that excretion mcreases i the late follicular
phase, declines immediately prior to ovula-
tion, and increases again immediately after
the rise 1n body temperature.; these changes
was assumed due to changes in the uptake of
ascorbic acid by the periovulatory ovary.

It has been suggested that changes in reten-
tion before ovulation facilitate luteal ste-
roidogenesis, and this explains its cycle-pro-
tective effects.

Recent studies with luteinizing granulosa
cells show that ascorbate is stimulatory to
progesterone and oxytocin secretion, consis-
tent with its known roles in hormone biosyn-
thesis, and synergizes with neurotransmitters
in stimulating hormone secretion.the concen-
tration of ascorbic acid n the corpus luteum
appears to be greatly in excess of that re-
quired to facilitate hormone production [8].

In the present study, we explored a factor of
high Ascorbic Acid intake by the female part-
ner undergoing IVF and its relation to var-
1ous parameters and outcome of pregnancy.

Methodology

A randomized open-label study spread over
1 year from the period of January 2020 to
January 2021was carried out in the specialty
Alshorouk IVF clinic located mn Benha city
Egypt. All the patients were explained clear-
ly about the purpose and nature of the study
and those who are willing to given written
informed consent were enrolled for the study.

Participant Selection

Sample size: 200 hundred patients under-
going IVF 1n that period with one undred as
cases with vitamin ¢ supplementation and
one hundred as controls and not given vita

Inclusion criteria: Patients who were
<40years of age, had >2 years of infertility
and required infertility treatment by IVF-ET
and came to hospital for the infertility treat-
ment were included m this study.

Exclusion criteria:

endocrine diseases such as diabetes melli-
tus, hypothalamic pituitary dysfunction, or
thyroid dysfunction; autoimmune disease,
cardiovascular disease, and liver and kidney
dysfunction; treatment with oral contracep-
tives and gonadotropin-releasing hormone
agonists within 3-months

Study Duration

These 200 patients were enrolled from Janu-
ary 2020 to January 2021.

Study Procedure in Detail

Written informed consent was obtained be-
fore including them in the study. All the pa-
tients fulfilling the inclusion-exclusion crite-
ria were interviewed for the first time on the
day of enrolment, and their case sheets were
reviewed to gather necessary information.

History and examination were carried out. All
the demographic, disease related parameters,
clinical examinations, details of IVF tech-
nique and antenatal visits, spotting/bleeding
occurred or not and outcome of pregnancy
was recorded.

Group Allocation

All patients were randomly assigned into
groups A and B using random number table.
Group A patients received 1000 mg/ day of
oral Vitamin C. The vitamin C supplementa-
tion was started on the day of follicle aspira-
tion and continued for entire duration of ges-
tational period. Group B patients did not the
vitamin C supplementation as oral tablets.

Fertilization Assessment, Embryo

ssessment and Pregnancy Evalua-
100

All oocytes were inseminated or injected
with sperm using the standard mtracytoplas-
mic sperm mjection (ICSI) technique. Fertil-
1zation was confirmed by the presence of two
pronuclei and extrusion of the second polar

body.

30
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A preferable embryo was defined as one that had reached the four-cell stage on day 2, reached
the seven-cell stage on day 3, and had less than 20% of its volume filled with fragments and
a preferable blastocyst was defined as being mn a full blastocyst stage. A pregnancy test was

performed two weeks at day 12-14 post transfer. Pregnancy was confirmed when fetal heart
activity was detected

Embryos at different stages
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Patients Follow up

Routine check-up of patients was done with
respect to blood pressure, heart rate, weight,
complete gestational assessment throughout
pregnancy till delivery period.

Warning sign and symptoms are given m a
written format for reminding and confirma-
tion that they understandlike vaginal spot-
ting,bleeding, and frequent abdominal pain
referred to the back. If any of the warning
symptoms were encountered we got an in-
stant feedback by telephony and an emergen-
cy visit arranged to assess and treat.

Statistical Analysis

Outcome assessment pertaining to the bleed-
ing/spotting events, need of hospitalization

o

16 cells embryo

L K
it

during pregnancy, duration of term pregnan-
cy, any cases of preterm delivery and miscar-
riages recorded and then by using Fischer’s
exact test we compared the results of patients
prescribed with Vitamin C against the con-
trol group of patients. P value less than 0.05
was considered significant.

Result

Out of 200 patients, 100 patients were ran-
domized in the vitamin C group and re-
maining 100 patients were randomized m
the control group and analyzed. There were
no significant differences between the two
groups at baseline in relation to age, parity
and BMI (Table 1).
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Table 1: Epidemiological data

variable Vitamin ¢ group Control group P value
age 32(20-40) 31(20-40) >0.05
BMI(kg/m2) 26 (18-29) 25(18-28) >0.05
Duration of infertility 45 5 >0.05

Table 2: Efficacy related parameters in both study groups.

variable Vitamin ¢ (cases)group Control group P value
Spotting 15 25 0.07
miscarriage 8 20 0.01
Preterm pregnancy 27 35 0.2
Term pregnancy 65 45 0.004

significant difference in result of Term preg-
nancy was achieved in Vitamin C group, 65
out of 100 women (65%) compared to 45 out
ot 100 (45%) m the control group with p val-
ue 0.004.

A Total of 8 women out of 100 (8%) 1 vita-
min C group compared to 20 from100 in the
control group who experienced miscarriage
(p Value 0.01) which 1s statistically signifi-
cant.

Also, there was no statistically significant
difference found in the results of spotting be-
tween two groups.

Discussion

In this cohort of women enrolled n a ran-
domized controlled study to evaluate the role
of antioxidant for unexplained infertility out-
come, we found evidence that increased m-
take of certain antioxidants as ascorbic acid
1s associated with higher levels of term preg-
nancies compared to preterm pregnancy and
miscarriages.

It 1s hypothesized that female antioxidant in-
take and oxidative stress may influence the
timing and maintenance of a viable pregnancy.

Many preliminary studies have also empha-
sized the importance of Ascorbic acid in luteal
formation and regression, but no examination

of dietary supplementation during luteal phase
has been reported.

Studies have revealed that relatively high
bioavailability of vitamin C inside the Graa-
fian follicle and the results obtained from
clinical trial suggest a very important role of
the vitamin C 1in follicular genesis, follicular
maturation, ovulation and term pregnancy.
The efficacy of supplemental use of vita-
min C above a level that can be supplied by
means of diet alone has been evidently play-
ing beneficial role in reduced spotting and
miscarriages [9-11].

Low level of Ascorbic acid disturbs the Fol-
licular Fluid (FF) microenvironment which
adversely influences IVF outcome parame-
ters such as oocyte quality, fertilization rate,
and high-grade embryos.

Ascorbic acid restores the balance between ox-
idation and antioxidant action and associated
with the maturation of oocytes as shown by the
positive correlation between appropriate Reac-
tive oxygen species levels in free fluid and the
term pregnancy [12,13].

Low plasma ascorbic acid leads to elevated ROS
levels which appear to be responsible for oxida-
tive stress injury, leading to denaturation of oo-
cyte DNA and cytoskeletal damage, an increase
of embryonic debris, and abnormal embryonic
development. (18-20)
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Supplemental Vitamin C maintains balance
of the ROS level and antioxidant capacity mn
the free fluid follicular environment proves to
be essential for the acquisition of high-quali-
ty oocytes and embryos following IVF treat-
ment [14,15].

Ascorbic acid performs a major biological
role; it 1s required for the biosynthesis of
collagen, for the biosynthesis of steroid and
peptide hormones, and to prevent or reduce
the oxidation of biomolecules.

Ascorbic acid concentrations at the time of
oocyte recovery in women undergoing IVF
procedures revealing a strong correlation
between follicular fluid and serum concen-
trations of ascorbic acid to facilitate rapid
follicular expansion during the approach to
ovulation and/or post-ovulatory steroidogen-
esis[16-17].

In present study supplementation of Ascor-
bic acid provided important clinical signs in
the group of women treated.

A high percentage of term pregnancies were
achieved in group A with vitamin c supple-
mentation 65% compared to only 45% in the
control group B which received no vitamin ¢
and this could be interpreted as more related
to the continuous follow up and regular mul-
tivitamin supplementation.

Significantly lower imcidence of spotting
was observed in women undergoing IVFET
with vitamin C supplementation compared to
control group. It is suggested that Vitamin C
supplementation help in reducing incidence
of spotting and bleeding incidences which
helps psychologically also to the mothers in
early phase of embryo transfer by reducing
anxiety and hospitalization.

The present investigation has investigated
role of vitamin C supplementation post em-
bryo transfer and its influence on various
clinical parameters like term pregnancy, and
miscarriages.

Conclusion

Oxidative stress has been identified as ma-
jor factor adversely affecting outcome of
IVE. Vitamin C has been 1dentified as one of
the nutrients which help 1n reducing oxida-
tive stress. Supplementation of large dose of
Vitamin C post embryo transfer orally, has
shown statistically significant improvement
in the outcome of IVF techniques with re-
duced incidence of spotting and bleeding, re-
duced hospitalization and miscarriages along
with improved term pregnancy.

Conflict of interest: The author has no com-
peting interests to declare.
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