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Abstract

Background: Minerals like calcium, zinc, and copper are necessary for
growth. Micronutrients and trace elements are essential for maintaining tissue
function and metabolism. Many antioxidants contain trace elements as key
components. As a result, they are a crucial component of a powerful
antioxidant that shields the cell from damage. Materials and Methods:
Twenty human foetuses were collected from museum of Department of
Human body structures and function, Medical University of Americas, Nevis,
West Indies. Result: The concentration of the essential minerals in each
clavicle was independently determined using the forty clavicles that were
recovered after being dissected. The deposition of calcium held pace with
matrix formation in the clavicles of the other groups, with the exception of a
considerable increase in calcium levels in clavicles of 15-20 age groups in
weeks compared to those of less than 15 age groups in weeks ones.
Conclusion: The uniform content of zinc and copper and their constant ratio
throughout the development of the clavicles were novel findings in the current

investigation.

INTRODUCTION

It is helpful to measure fetal growth and identify
genetic problems early by knowing the dimensions
of the fetal long bones. In general, prenatal clavicle
anomalies are uncommon and may signify
conditions such cleidocranial dysplasia, Holt-Oram
syndrome, Goltz syndrome, and Melnick-Needles
syndrome.l The ossification of the clavicle occurs
first among all long bones. It starts at the end of the
sixth week of pregnancy, which regulates the early
growth of the upper limb and ensures its proper
mobility.[231 On day 45, the clavicle's two major
ossification centers merge in the middle of the bone.
The sternal end of the clavicle ossifies as the last of
all bones since it develops the least quickly.
Clinicians from various specialities can benefit from
the information provided by developmental anatomy
and morphometric data. The clavicular model is
useful in archeology research to clarify various
mechanisms of evolution, and in forensic medicine
it helps to identify sex, age, ethnic differences, and
body posture.®! The developmental anatomy is
becoming more important since it forms the
fundamental framework for numerous clinical
specialties with a foetal, neonatal, or pediatric focus.
Minerals are crucial for healthy fetal development.t!
The mineral calcium is most prevalent in fetal body

stores. The earlier literature on body calcium is
based on research done on lower mammals.["® The
majority of studies on the calcium content of human
bones are based on data from the postnatal
period.[*1% If taken into account at various phases of
development, its concentration in human fetal tissue
will have merit.1112 Copper and zinc are trace
elements that, if insufficient, may have an adverse
effect on embryonic development.[*324 Studies on
lower mammals provide the basis for information on
the  concentrations of the aforementioned
components in tissues of growing fetuses.Givens
and Macy provided a thorough description of total
calcium in growing human fetal bodies in.*>16 Ca,
Cu, and Zn levels in the sacrum of pregnant women
during the third trimester and their babies were
reported by Tabrizi and Pakdel in.[*1 Such
investigations focused on the fetus' nutritional state
rather than its developmental elements. There are
sketchy data demonstrating the concentrations of
minerals, namely in bone, at various stages of the
development of human fetuses. Clavicle, an
unusually long bone, was selected for this. Only
calcium has been detected in growing human bone
in prior studies.['®% To broaden the scope of the
investigation, we also considered copper and zinc in
addition to calcium.
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MATERIALS AND METHODS

Twenty human fetuses were taken from the Medical
University of the Americas' Department of Human
Body Structure and Function Museum in Nevis,
West Indies. These fetuses are already the subject of
research projects for which the institution's ethical
committee has given its approval. The fetuses were
classified into five groups, each consisting of four
fetuses, as shown in [Table 1] age groups in weeks
(15 wks), age groups in weeks (15-20 wks), age
groups in weeks (20-25 wks), age groups in weeks
(25-30 wks), and age groups in weeks (> 30 wks).

Tablel: Shows the age groups in weeks of human
fetuses.

Age groups in weeks | Clavicles
Left Right

<15 04 04
15-20 04 04
20-25 04 04
25-30 04 04
>30 04 04
Total 20 20

Eight clavicles were obtained from each group after
clavicles were dissected out and disarticulated to
remove them. Three sections of each clavicle were
separated to identify the minerals calcium, copper,
and zinc. Weighing and dissolving each clavicular
fragment in 7ml of strong nitric acid. The resulting
solutions were then filtered via Whatmann number
42 filter paper. Calcium was measured using the
Henry and Dryer method and zinc and copper using
atomic absorption spectroscopy.?>?2  One-way
ANOVA was used to evaluate the data, and then the
post hoc Bonferroni test.

RESULTS

ulill

0

Concentration of minerak
I

=]
[

<15 15-20 20-25 25-30 »30
H Calcium level 136 278 311 285 312

H Copper level 015 0.18 017 0.18 017
Zinc level 153 189 213 191 213

Figure 1: Shows the calcium (mg/g dry bone), zinc
(ppm), and copper (ppm) concentrations in developing
human fetuses at five different gestational ages have
been compared.

This current study was carried out in the Department
of Human body structure and functions, Medical
University of Americas, Nevis, West Indies.
Detailing the levels of clavicular minerals in various

age groups is shown in [Figure 1]. Calcium levels in
the clavicle were 1.36 mg/g of bone in age groups
under 15 while they were 2.78, 3.11, 2.85, and 3.12
mg/g in age groups between 15 - 20, 20 - 25, and
more than 30. The final four groups did not differ
statistically significantly from one another. The
calcium concentration was significantly low in 15
age groups of weeks' worth of fetuses, which is the
most significant finding. Copper values ranged from
0.15 ppm to 0.17 ppm, while zinc values ranged
from 1.53 ppm to 2.13 ppm, however neither
indicated a statistically significant difference from
the rest of the groups.

DISCUSSION

Both the organic matrix material and the inorganic
calcium component work together to give bone
strength. While the latter gives it resilience, the
former makes it inflexible and hard.[?®l The first
bone to ossify is the clavicle, and the ossification
center can be seen as early as six weeks into
intrauterine life.?! This is in charge of the calcium
level rising rapidly, resulting in a value of 2.78 mg/g
in group 15-20 as opposed to 1.36 mg/g in group 15.
It's interesting to observe that the other groups'
clavicles' calcium levels remained unchanged. This
demonstrates unequivocally that calcium deposition
matched matrix formation in speed to preserve
consistent strength in the remaining groups. A
prominent indication of zinc's significance in the
development of the body's hard tissue is the high
concentration of zinc in fetal bone compared to soft
tissue.[?1 A zinc deficit will hinder growth since
zinc is an essential component of hormone
systems.[?] It is commonly known that copper and
zinc work together to promote healthy bodily
growth. Clinically, the concentration of each of
these trace elements is less significant than their
ratio of copper to zinc.?”l Elevated copper and low
zinc concentrations are among the most prevalent
trace metal abnormalities. Our study's increased zinc
concentration compared to copper level is consistent
with other research on the concentration of zinc in
various fetal tissues.

CONCLUSION

The importance of the zinc-to-copper ratio in the
growth process is supported by the current study's
finding that growing clavicles have a constant
concentration of both zinc and copper throughout
fetal life. To draw any conclusions about the
relevance of the growing bones in experimental
animals after manipulating the mineral content
artificially, more research is required.

REFERENCES

1. Sherer DM, Sokolovski M, Dalloul M, Khoury-Collado F,
Osho JA, Lamarque MD Abulafia O (2006) Fetal clavicle

80

International Journal of Academic Medicine and Pharmacy(www.academicmed.org)
ISSN(O): 2687-5365; ISSN(P): 2753-6556



10.

11.

12.

13.

14.

length throughout gestation: a nomogram. Ultrasound Obstet
Gynecol 27:306-310.

Mohsin A, Alam Z, Ekramuddin, Farugi NA (2013) Bilateral
variations in the growth and development of human foetal
clavicle. Biomed Res India 24(2):235-241.

Vijayan V1, ElI Tan C (2000) Computer-generated three-
dimensional morphology of the hepatic hilar bile ducts in
biliary atresia. J PediatrSurg 35(8):1230-1235.

Baumgart M, Wisniewski M, Grzonkowska M, Badura M,
Dombek M, Matkowski B, Szpinda M (2016) Morphometric
study of the two fused primary ossification centers of the
clavicle in the human fetus. SurgRadiol Anat 38(8):937-945.
Black S, Scheuer L (1996) Age changes in the clavicle: from
the early neonatal period to skeletal maturity. Int J
Osteoarchaeol 6(5):425-434.

Chan EL and Swaminathan R. Calcium metabolism and bone
calcium content in normal and oophorectomized rats
consuming various levels of saline for 12 months. J
Nutr1998 ; 128(3): 633-639.

Feaster JP, Hansard SL, Outler JC and Davis GK. Placental
transfer of calcium in the rat. J Nutrition 1956; 58:399-406.
Graham RW and ScothorneRJ.Calcium homeostasis in the
foetal guinea pig. Q J Exp Physiol 1970; 55:44-53.

Goret- Nicaise M and Dhem A. Comparison of the calcium
content of different tissues present in the human mandible.
Acta Anatomica 1985; 124:167-172.

Fischer A, Wiechula D, Postek- Stefan’ska L. and
Kwapulin’ski J. Concentrations of metals in maxilla and
mandible deciduous and permanent human teeth. Biol Trace
Elem Res 2009 Dec; 132(1-3):19-26.

Mertz W .Trace elements in Human and Animal
Nutrition.5th ed. Academic Press, San Diego, CA. 1987
(https://www.elsevier.com/books/trace-elements-in-human-
and-animal- nutrition/ mertz /978-0-08-092468-7).

Shaw JCL. Trace elements in the fetus and young infant II.
Copper, Manganese, Selenium, and Chromium. Am J Dis
Child 980; 134(1):74-81.

DreositlE ,PC Grey, PJ Williams . Deoxyribosenucleic acid
synthesis, protein synthesis and teratogenesis in zinc
deficient rats. S Afr Med J 1972; 46:1585-1588.

Shaw JCL . Trace elements in the fetus and young infant I.
Zinc .Am J Dis Child 1979 ; 133(12):1260-1268.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Abdelrahman MM. Copper, Manganese, Zinc, Iron and
Calcium in fetal Tissue of Baladi Goats at Northern of
Jordan. J of Animal and Vet Ad 2003; 2(4):209-214.

Bellof G, Most E, Pallauf J. Concentration of copper, iron,
manganese and zinc in muscle, fat and bone tissue of lambs
of the breed German Merino Landsheep in the course of the
growing period and different feeding intensities. J. Anim
Physiol Anim Nutr (Berl) 2007; 91(3-4):100-8.

Givens MH and Macy IG . The chemical composition of the
human fetus. J Biol Chem 1933; 102:7-17.

Tabrizi FM and Pakdel FG. Serum level of some minerals
during three trimesters of pregnancy in Iranian women and
their newborns: A longitudinal study. Indian J Clin Biochem
2014; 29(2):174-180.

Ghaus F,Farugi NA, Khan HS and Kirmani F. Calcium
levels in the maxillae of human foetuses. Int.J. Morphol
2011; 29(1): 268-271.

Henry RJ and Dryer RL. In D. SELIGSON,Standard
Methods of Clinical Chemistry.Vol 4, Academic Press, New
York.1963; p 205-237.

Butrimovitz GP and Purdy WC. The Determination of Zinc
in Blood Plasma By Atomic Absorption Spectrometry. Anal
Chim Acta 1977 ; 94: 63-73.

Dawson JB, Ellis DJ and Newton-John H, Direct Estimation
of Copper In Serum and Urine By Atomic Absorption
Spectroscopy. Clin Chim Acta 1968; 21: 33.

Soames RW Skeletal system. In:Williams PM, editor. Gray’s
Anatomy.38th ed. Churchill Livingstone, 2000, p 425-736.
Farugi N.A. The Clavicle, In: Human Osteology (A Clinical
Orientation). 2nd ed. CBS Publishers, 2007 ,p 12-17.
Bergman Bo. Concentration of Zinc in some hard and soft
tissues of rat determined by neutron activation analysis.Acta
Radiologica: Therapy Physics Biology 1970; 9(5):430-432.
KhoshabiF,ShadanMR,Miri A and Rad JS. Determination of
maternal serum, zinc, iron, calcium and magnesium during
pregnancy in pregnant women and umbilical cord blood and
their association with outcome of pregnancy. Mater
Sociomed 2016; 28(2):104-107.

Osredkar J and Sustar N .Copper and Zinc, Biological role
and significance of copper/zinc imbalance. J. Clinic Toxicol
2011; S3:001.

81

International Journal of Academic Medicine and Pharmacy(www.academicmed.org)
ISSN(O): 2687-5365; ISSN(P): 2753-6556



