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lost after birth and granulosa cells of growing follicles in ovary express

anti-mdllerian hormone. Ovarian reserve constitutes the size of follicle pool and the quality
of oocytes therein. The ovarian reserve declines as age advances and so decreases woman’s
reproductive usefulness. Serum levels of anti-millerian hormone thus indicate size of the
growing follicular pool. Further, anti-millerian hormone is detectable in serum and,
therefore, exist as a promising candidate. In spite of its crucial use in ovarian assessment,
status of serum anti-mullerian hormone levels in Nepalese women was still unknown. Thus
we determined status of circulating levels of anti-millerian hormone in local women. In the
present study, we found that around 70 % females were < 35-years-old and the bulk of
subjects had serum anti-mullerian hormone concentrations within reference range. Moreover,
comparative analysis showed that the subjects < 35-years-old had higher serum anti-
mullerian hormone levels compared to population > 35, and a significant difference was

present therein.

www.wjpls.org 413




Mallick et al. World Journal of Pharmaceutical and Life Sciences

KEYWORDS: anti-mullerian hormone, ovary, follicles, women.

INTRODUCTION

Anti-mullerian hormone (AMH) is homodimeric glycoprotein with molecular mass of 140
kDa and linked by disulfide bonds.™* 2 AMH belongs to the super-family of transforming
growth factor-p. Gene that encodes for AMH is located in short arm of chromosome 19.1
AMH regulates male sex differentiation.®] Sertoli cells of fetal testes produce AMH that
induces regression of Miillerian ducts, the anal-gen of female reproductive tract.’ °
Production of AMH by testes and thereby regression of Mdllerian ducts of female
reproductive tract is called sex-dimorphic expression pattern in developing fetus. The sex-
dimorphic expression pattern, however, is lost after birth and granulosa cells of growing

follicles in ovary express AMH.!®!

Ovarian reserve constitutes the size of follicle pool and the quality of oocytes therein.l The
ovarian reserve declines as age advances and so decreases woman’s reproductive
usefulness.®® Germ cells populate the ovary, get surrounded by somatic cells and form the so-
called primordial follicles during fetal life.[*) The size of follicle pool is thus established at an
early phase. Approximately one million oocytes are present at birth. The amount decreases
during childhood and reaches primordial follicle pool of 300000 to 500000 at menarche.!*%
Follicles leave primordial reserve account throughout the life and enter into growing pool.
Majority of the growing follicles are lost as a result of atresia unless follicle stimulating
hormone (FSH) rescue them.'¥ The rescue starts after onset of puberty when pituitary-
gonadal endocrine axis is excited. Among cohort of rescued follicles, the only one selectively
becomes dominant and ovulates under influence of Luteinizing hormone (LH). Ovulation
continues throughout the life until primordial follicle is exhausted and, as a consequence,
growing follicles are no longer present in ovary resulting into menopause.? In contrast,
growing non-selected follicles specifically express AMH up to their degree of selection for

ovulation. Serum levels of AMH thus indicate size of the growing follicular pool.[** 4 %!

Further AMH is detectable in serum and, therefore, exist as a promising candidate. Polycystic
ovarian syndrome (PCOS) is one of the most common endocrine disorders in women during
reproductive age. PCOS is characterized by anovulation, elevated levels of androgens and
polycystic ovaries as visualized under ultrasound. Common denominator in PCOS lies at

disturbance in selection of growing follicles to become dominant, thus resulting into
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anovulation. As non-selected growing follicles specifically express AMH, its levels also
serve as a marker of PCOS.[*®!

In spite of its crucial use in ovarian assessment, status of serum AMH levels in Nepalese
women was still unknown. Thus we determined circulating levels of AMH in women who
belonged to eastern region of Nepal. The purpose of our study was to describe status of serum
AMH levels among local females in this area. In the present study, we observed that the
majority of females (around 70 %) were < 35-years-old and the bulk of subjects had serum
AMH concentrations within reference range i.e., 1.0 to 2.4 ng/ml. Further, comparative
analysis revealed that subjects < 35-years-old had higher levels of serum AMH compared to

population > 35, and a significant difference was present therein.

MATERIALS AND METHODS

Study design and enrolment criteria

This research was hospital-based study carried out in the Department of Diagnostic
Laboratory at Birat Medical College and Teaching Hospital (BMCTH), Biratnagar, Morang,
Nepal. The local Nepalese women who attended BMCTH for investigation of AMH were
enrolled as subjects. Duplication of a similar participant and known patients under treatment
were excluded. The inclusion criteria were made in accordance with the guidelines for
assessment of AMH, as described earlier.'”) The women with polycystic ovarian syndrome
(PCOS), suffering from premature ovarian failure (POF) and having problems related to
reproduction were enrolled. Registration of 50 subjects was aimed to meet target population.
Our study, therefore, established normal serum AMH values among different age groups in
fertile women. We did not find undetectable AMH values among the participants. Thus it
omits the practitioners in locality to be cautious when counselling patients would present very
low or undetectable serum AMH concentrations because spontaneous pregnancy is still

possible at the age of fertility.

Sample collection and serum preparation

Venipuncture was performed to collect blood samples under universal attentiveness as
mentioned earlier.l*®! Antecubital venous blood from patients were collected in plain vial with
informed written consent, strictly as per the norms and approval of the Institutional Ethical
Committee. Blood samples were clotted for 5 min, followed by centrifugation at 3000 r.p.m.
for 15 min to separate serum. All steps were carried out under sterile conditions and

precautions were taken to prevent blood from hemolysis.
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Determination of serum levels of AMH by Enzyme-linked immunosorbant assay
(ELISA)

AMH was assayed using human sandwich ELISA method. The kit (E-lab Science) was
provided with micro-titre plate having 96 wells coated by monoclonal antibody specific for
AMH. Serum (100 pl) was added into unused well of the micro-titre plate and processed
according to manufacturer’s protocol. The well containing serum was incubated at 37 °C for
90 min, followed by aspiration and washing thrice with provided buffer. Further biotinylated
detection antibody (100 pl) was added and incubated at 37 °C for 1 h with similar steps of
aspiration and washings to remove free components. Next, horse-radish peroxidase conjugate
(50 pl) was added and incubated at 37 °C for 1 h. Substrate (100 pl) was added with
following incubation at 37 °C for 30 min. The provided sulphuric acid reagent (50 ul) was
then added to stop the reaction and absorbance of yellow colour was read in a

spectrophotometer at 450 nm. Results were obtained in ng/ml.

Data interpretation
The validity and reliability of test results were determined using standard supplied with Kit.

Data were analyzed under Software Package for Social Sciences version 16 (SPSS 16).

RESULTS

Majority of adult women had serum AMH levels within reference range

To assess the status of serum AMH concentrations among local women who attended
BMCTH, we collected antecubital venous blood, separated sera and performed immunoassay.
The study population were divided into two groups; A (18-35 years) and B (36-45 years) to
categorize the stages as before and after 35-years of age. Among total women (n=60) who
attended the hospital for investigation of AMH, 42 and 18 subjects were enrolled for
investigation in groups ‘A’ and ‘B’, respectively (Bars ‘A’ & ‘B’; Figure-1), indicating that
majority of women (70 %) who came for examination were < 35-years-old and remaining (30
%) > 35. Our data further determined the mean age group of patients to be 30.65 + 7.14 years
(The right-sided bar; Figure-1) and median serum AMH concentration being 2.5 (2.1, 3.1)
ng/ml, suggesting that the subjects, in majority, had serum AMH concentrations within

reference range i.e., 1.0 to 2.4 ng/ml.

www.wjpls.org 416




Mallick et al. World Journal of Pharmaceutical and Life Sciences

145 — 42 n=060
~| 40 —
=
g 35 —
2| 30 —
=
= | 25 —
S| 20 — 18
1
é 15 —
= 10 =
z

5 —

0 - ' '

A 'B' Mean
age-group

Figure-1. Bar diagram representing number of participants in
groups 'A' & 'B'. Group 'A’ is indicative to people < 35-years-old
and 'B' > 35-years
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Figure-2. Bar diagram representing serum AMH concentrations
among subjects in groups 'A' & 'B'

Women below 35-years had higher levels of serum AMH
Serum concentrations of AMH decline as age advances. We, therefore, evaluated the subjects
for existence of any possible variations before and after 35-years-old. On comparing the
values between groups ‘A’ and ‘B’, we observed that mean serum AMH concentrations
among females below 35-years was 3.14 £+ 1.5 ng/ml. In second group, the value remained
2.25 £+ 1.25 ng/ml. Our finding was, therefore, suggestive of the fact that Group-A holding
subjects < 35-years-old had higher levels of serum AMH compared to ‘B’, and a significant

difference was present therein.

Correlation of serum AMH concentrations with age

As a significant change occurred among participants in groups ‘A’ and ‘B’, we correlated the
serum AMH concentrations with varying age-groups of females. The serum AMH
concentration that we observed at uppermost was 9.7 ng/ml and at lowest being 0.33. The

peak age when serum AMH concentrations were at maximum and minimum were 21 and 39-
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year-old, respectively. On correlating serum AMH concentrations with age, we found that
serum AMH concentration declined with increasing the age. The serum AMH concentration,
therefore, correlated negatively with age, and association was statistically significant.

Correlation of AMH concentration with Age in the
Study Population

(Years)

&

[a)

AMH (ng/ml)

Figure-3. Dot plot demonstrating correlation of serum AMH
concentration with age in study populatioin

DISCUSSION

AMH is the most sensitive hormonal parameter to detect the changes in ovarian reserve.* In
the present study, we prospectively investigated the status of serum AMH concentrations
among eastern Nepalese women. As this study aimed to establish serum AMH values in local
women in eastern Nepal, we conducted the study exclusively among females at age of
pregnancy progressing from 18-years-old. The study population were divided into two
groups; A (18-35 years) and B (36-45 years) to categorize the subjects as before and after 35-
years of age. Among total women (n=60), the majority (around 70 %) of women who
attended the hospital for investigation of AMH were < 35-years-old and remaining (30 %) >
35 (Bars ‘A’ & ‘B’; Figure-1). The high loss of AMH occurs in particular after abortion.?%
We, therefore, ignored to measure serum AMH values in population who had undergone for
abortion. In our study, the mean age group of patients was 30.65 * 7.14 years (Right-sided
bar; Figure-1) and median serum AMH concentration was 2.5 (2.1, 3.1) ng/ml. Our data thus
suggested that the participants, in majority, had serum AMH concentrations within reference

range.

Next we compared the serum AMH values between two groups; ‘A’ and ‘B’. In this aspect,
we observed that mean concentrations among females < 35-years (Group ‘A’) was 3.14 = 1.5
ng/ml. In second group ‘B’ into which the females > 35-years-old were enrolled, the value

remained 2.25 £ 1.25 ng/ml. Our finding, therefore, suggested the fact that subjects < 35-
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years had higher levels of serum AMH compared to the second group of subjects > 35, and a
significant difference was present therein. We, therefore, found a progressive rise in serum
AMH from age < 35 years to that > 35. The present study thus shows a declining correlation
of AMH as local women’s age advances. Studies in mice and women had progressively
shown that mean AMH levels remain constant at young age.’) The researchers have
explained this fact recently. It was suggested that compensatory mechanisms maintain the
number of growing follicles at a constant level so that the mean serum AMH levels remain at
young age.!® ? 2%l Serym AMH then shows progressive decline.”” Several studies have
already established the fact that gradual decline of fertility starts at age of 30 years, and our

results are concordant with this information.

According to results seen in our present study, there was a significant negative linear
correlation between serum AMH concentration and basal mass index (BMI) (Data not
shown). Women usually have higher BMI and several studies have explained this
correlation.”® 2 AMH thus tends to decline as a result of ageing and not to owing to the
increase in BMI.

CONCLUSION

Our study established normal serum AMH values among different age groups in fertile
women. Our findings are in agreement with data in the literature as serum AMH values
decreased with age. We did not find undetectable AMH values among the participants. Thus
it omits the practitioners in locality to be cautious when counselling patients will present very
low or undetectable serum AMH concentrations because spontaneous pregnancy is still
possible at the age of fertility. Studies including larger cohorts should be performed among

fertile women in order to confirm the values found in our study.

ACKNOWLEDGEMENTS
This research was supported by the Department of Diagnostic Laboratory, BMCTH. For the
influence, Shripad J. Walavalkar and Ram L. Mallick thankfully acknowledge the

Institutional Board.

REFERENCES

1. Cate RL, Mattaliano RJ, Hession C, Tizard R, Farber NM, Cheung A, et al., Isolation of
bovine and human genes for Millerian inhibiting substance and expression of the human
gene in animal cells. Cell, 1986; 45: 685-698.

www.wjpls.org 419




Mallick et al. World Journal of Pharmaceutical and Life Sciences

10.

11.

12.

13.

14.

Cohen-Haguenauer O, Picard Mattie JY, Mattie MG, et al., Mapping the gene for anti-
mullerian hormone to the short arm of human chromosome 19. Cytogenet Cell Genet,
1987; 44: 2-6.

Behringer RR, Finegold MJ, Cate RL. Millerian inhibiting substance function during
mammalian sexual development. Cell, 1994; 79: 415-425.

Josso N, Cate RL, Picard JY, Vigier B, Di Clemente N, Wilson C, Imbeaud S, Pepinsky
RB, Guerrier D, Boussin L, Legeai L, Carre-Eussebe D. Anti-miillerian hormone: the jost
factor. Recent Progress in Hormone Research, 1993; 48: 1-509.

Lee MM and Donahoe PK. Mullerian inhibiting substance: a gonadal hormone with
multiple functions. Endocrine Reviews, 1993; 14: 152-164.

Kluver N, Pfenning F, Pala I, Storch K, Schlieder M, Froschauer A, Gutzeit HO, Schartl
M. Differential expression of anti-mullerian hormone (amh) anti-Mdllerian hormone
receptor type Il (amhrll) in the teleost medaka, 2007; 236(1): 271-281.

Findlay JK, Kerr JB, Britt K, Liew SH, Simpson ER, Rosairo D, Drummond A. Ovarian
physiology: follicle development, oocyte and hormone relationship, 2009; 6(1): 16-19.
Danilovich N, Javeshghani D, Xing W, Sairam MR. Endocrine alterations and signaling
changes associated with declining ovarian function and advance biological ageing in
follicle stimulating hormone receptor haploinsufficient mice. Biol Reprod, 2002; 67(2):
370-378.

Kezele P and Skinner MK. Regulation of ovarian primordial follicle assembly and
development by estrogen and progesteron: endocrine model of follicle assembly.
Endocrinology, 2003; 144(8): 3329-3337.

Kevenaar ME, Meerasahib MF, Kramer P, Brigitte MN, van de LB, Frank H et al., Serum
anti-mullerian hormone levels reflect the size of the primordial follicle pool in mice,
2006; 147(7): 3228-3234.

Erickson G, Glob libr. women’s med. Follicle Growth and Development. 2008; DOI
103843.

Karkanaki A, Vosnakis C, Panidis D. The clinical significance of anti-mullerian hormone
evaluation in gynaecological endocrinology. Hormones, 2011; 10(2): 95-103.

De VA, Laven JS, De JF, Themmen A, Fauser BC. Anti-mullerian hormone serum levels:
a putative marker for ovarian ageing. Fertil Steril, 2002; 77: 357-362.

Franchin R, Schonauer LM, Righini C, Guibourdenche J, Frydman R, Taieb J. Serum
anti-mullerian hormone is more strongly related to ovarian follicular status than serum
inhibin B, estradiol, FSH and LH on day 3. Human Reprod, 2003; 18: 323-327.

www.wjpls.org 420




Mallick et al. World Journal of Pharmaceutical and Life Sciences

15. Van Roij 1A, Tonkelaar I, Broekmans FJ et al., Anti-mullerian hormone is a promising
predictor for the occurrence of the menopausal transition. Menopause, 2004; 11: 601-606.

16. The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004
revised 2003 consensus on diagnostic criteria and long term health risks related to
polycystic ovary syndrome (PCOS). Hum Reprod, 19: 41-47.

17. Assessment and treatment for people with fertility problems: NICE guideline. British
Journal of General Practice, 2014; 64(618): 50-51.

18. Mallick RL, Walavalkar SJ, Pokhrel S, Singh RK. Old-aged, adolescent and pregnant
women in eastern Nepal are more prone to sub-clinical hypothyroidism; a hospital-based
retrospective study. Intl J Pharm Biol Arch, 2016; 7(2): 9-13.

19. Aboulghar M. Anti-mullerian hormone in the management of infertility, 2014; 19(1): 1-7.

20. Marca AL, Grisendi V, Griesinger G. How much does AMH really vary in normal
women? Intl J Endocrinol. http://dx.doi.org/10.1155/2013959487

21. Masse V, Ferrari P, Boucoiran I, Dellote J, Isnard V, Bongain A. Normal serum
concentrations of anti-mullerian hormone in a population of fertile women in their first
trimester of pregnancy, 2011; 26(12): 3431-3436.

22.De Kat AC, van der Schouw YT, Eijkemans MJC, Herber-Gast GC, Visser JA,
Verschuren WMM, Broekmans FIJM. Back to the basis of ovarian ageing: a population-
based study on longitudinal anti-Mullerian hormone decline, 2016. DOI: 10.1186/s12916-
016-0699-y.

23. Visser JA, De Jong FH, Laven JSE, Themmen APN. Anti-mullerian hormone: a new

marker for ovarian function, 2006; 131: 1-9.

www.wjpls.org 421




