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INTRODUCTION 

Dysfunctional uterine bleeding (DUB) is defined as 

abnormal endometrial bleeding in the absence of pelvic 

pathology.
1
 There are two types of DUB, ovulatory and 

anovulatory. 80% of women with ovulatory DUB usually 

are in their reproductive age, but anovulatory DUB is 

seen during perimenopause and menarche. 95% of 

abnormal uterine bleeding in the case of DUB category, 

are due to anovulation. A Blood loss of more 80 ml per 

menstrual cycle is considered an excess blood loss and 

eventually results in an iron deficiency anemia and 

possibly abnormal hematocrit. The menstrual cycle is 

considered to be normal if the cycle is in the range of 28 

± 7 days; the approximate blood loss is 30 ml or may be 

more without exceeding more than 80 ml per cycle. 

Abnormal endometrial bleeding is not restricted in any 

age group but it’s very predominant in adolescence.  

Numerous endogenous and exogenous factors identified 

to have direct and indirect role in overall angiogenesis in 

the endometrium of DUB patients. Formation of blood 

vessels in human endometrium are potentially similar to 

endometriotic lesions, that blood vessels grow and 

regress during every menstrual cycle and their process is 

controlled by hormones like; oestrogen, progesterone.
2
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ABSTRACT 

Background: Objective of current study was to study serum copper and ceruloplasmin levels in abnormal 

endometrial angiogenesis observed in dysfunctional uterine bleeding patients. 

Methods: Design: The present cross sectional study was undertaken in the departments of biochemistry and 

department of OBG, Kasturba medical college, Manipal University, Manipal, India. Population: This study was done 

in 40 females age between 18-45 years with history of, bleeding excessively for more than 3 months. (Cases: n=20, 

controls: n=20). DUB was diagnosed based on history and ultrasonography. Copper was estimated using 3,5- 

dibromo-2-pyridylazo-N-ethyl-N-3 sulphopropyl aniline. Ceruloplasmin was estimated using p-phenylene diamine 

(PPD) oxidase method. Endometrial thickness was obtained from USG. Hemoglobin was estimated using Drabkin’s 

method. Main outcome measures: The level of serum copper and ceruloplasmin and hemoglobin level measured and 

compared with endometrial thickness in dysfunctional uterine bleeding patients. Dysfunctional uterine bleeding 

(DUB) is defined as abnormal endometrial bleeding in the absence of pelvic pathology.  

Results: Mean levels of serum copper (191.99 ± 73.06) g/dl and ceruloplasmin (60.42 ± 18.40) mg/dl were 

increased in DUB patients when compared to control, 70% of DUB patients and 55% of controls had copper levels 

higher than the biological reference range in the general population. Ceruloplasmin has negative correlation with 

endometrial thickness in patients with DUB. (P = 0.019 r = -0.5). 

Conclusions: This study has concluded that serum copper and ceruloplasmin could be a sensitive indicator of 

angiogenesis in endometrium leading to DUB in females. 
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However, mechanism of endometrial angiogenesis is a 

complex process that evidence has been shown; estrogen 

can act as an inhibitor and a stimulator of angiogenesis 

under different circumstances (Girling and Rogers, 2005). 

A large number of angiogenic factors and inhibitors have 

been identified in human endometrium beside hormones. 

Although the precise role they play in regulating 

angiogenesis during the menstrual cycle and pregnancy 

remains to be elucidated. Any disturbed in normal 

menstrual cycle would ultimately result in unchanged 

state of estrogen secretion and lead to DUB. 

Approximately 30% of all gynecologic patients have 

DUB.
3
 

Copper is an essential trace element for all the living 

organisms
4
 and is one of the key requirements for 

angiogenesis. Hence the activity of several angiogenic 

factors directly or indirectly depends upon it.
5
 

Ceruloplasmin (ferroxidase I) and ferroxidase II is a 

copper containing enzyme which has a capacity of 

oxidizing iron to a form that could be transported to the 

site of erythropoiesis. Although the physiological 

importance and complete mechanism of these reactions 

are not yet known.
6,7

 

Ceruloplasmin also serves as a cofactor for many 

enzymatic reactions.
8
 Ceruloplasmin also acts as an 

antioxidant.
9
 Higher concentrations of ceruloplasmin 

have known to have a role in numerous cancers.
10

 

The thickness of the endometrium in DUB is measured 

by ultrasound. If necessary, a layer of endometrium is 

surgically removed by curettage. 

The aim of this study is to examine whether patients with 

excessive bleeding brought about by hyperplasia of the 

endometrium had associated elevation of serum copper 

and ceruloplasmin both of which are potent angiogenic 

initiators.  

METHODS 

Ethical committee clearance was obtained. A study was 

done in women in the age group 18-45 years, 

nonpregnant females, bleeding excessively for more than 

3 months. (Cases: n=20, controls: n=20). DUB was 

diagnosed based on history and ultrasonography.
11

 

Copper was estimated using 3,5- dibromo-2-pyridylazo-

N-ethyl-N-3 sulphopropyl aniline. Ceruloplasmin was 

estimated using p-phenylene diamine (PPD) oxidase 

method. Endometrial thickness was obtained from USG. 

Hemoglobin was estimated using Drabkin’s method.  

RESULTS 

The present cross sectional study was undertaken in the 

departments of biochemistry and OBG and gynaecology, 

Kasturba medical college, Manipal University, Manipal. 

Institutional ethics committee gave permission to 

undertake this study. 

This study included two groups. The first group were 

DUB patients aged between 15 to 45 years and the 

second group included age matched non-pregnant, 

healthy women with normal menstrual cycles.  

The serum copper, serum ceruloplasmin and 

haemoglobin level were estimated and correlated with 

endometrial thickness (mm) as measured by ultrasound. 

The biological reference range for serum copper is 80-

155 (g/dl) and for ceruloplasmin is 31-51(mg/dl). Data 

was analysed by SPSS 16 and student paired ‘t’ test with 

P value <0.1. The concentrations of serum ceruloplasmin, 

serum copper and endometrial thickness are shown in 

Table 1 with regard to biological reference range. 

Table 1: percentage of patients and controls who had 

copper and ceruloplasmin levels within and greater 

than biological reference range (BRR).  

 BRR 80-155 BRR 
P 

value 

Patients (group 1) 

N (20) 6 (30%) 14 (70%)  

Serum copper 

(g/dl) 
118.14 ± 21.69 225.88 ± 58.92 

      

<0.010 

Serum 

ceruloplasmin 

(mg/dl) 

53.7 ± 14.17* 63.27 ± 19.7** 
      

<0.569 

Endometrial 

thickness 

(mm) 

9.15 ± 3.99 10.33 ± 2.7*** 
      

<0.5 

Control  (group 2) 

N (20) 9 (45%) 11 (55%)  

Serum copper 

(g/dl) 
119.71± 32.99 219.89 ± 59.25 

      

<0.005 

Serum 

ceruloplasmin 
32.48 ± 18.53* 

31.26 ± 

14.99** 

      

<0.1 

Endometrial 

thickness 

(mm) 

9.3 ± 3.18 9.22 ± 2.30*** 
      

<0.1 

P< 0.05* ceruloplasmin is higher in DUB patients (group 1) 

when compared to control (group 2) with regard to the normal 

biological reference of copper. 

P< 0.001** ceruloplasmin is higher in DUB patients (group 1) 

when compared to control (group 2) with regard to a higher 

biological reference range of copper. 

P<0.05*** Endometrial thickness shows significant increase in 

DUB patients (group 1) when compare to controls (group 2) 

with regard to a higher biological reference range of copper.  

Concentration of serum copper, serum ceruloplasmin and 

hemoglobin in patients with DUB (group 1) and control 

(group 2) and endometrial thickness are shown in Table 

2. 
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Table 2: Concentration of serum copper, serum 

ceruloplasmin and hemoglobin in patients with DUB 

(group 1) and control (group 2). Endometrial 

thickness measured by ultrasound.  

Variable Group 1 (n=20) Group 2 (n=20) 

Serum copper (g/dl) 191.99 ± 73.06 167.62 ± 61.27 

Serum ceruloplasmin 

(mg/dl) 
60.42 ± 18.40 31.8 ± 16.23  

Hemoglobin (gm/dl) 10.245 ± 2.25 11.32 ± 1.23 

Endometrial thickness 

(mm) 
9.615 ± 3.40 9.26 ± 2.65 

Table 1 shows the mean and SD of both controls and 

patient in all the variables and there is a considerable 

difference between copper and ceruloplasmin when 

compare to endometrial thickness. This also indicates that 

even in control serum copper level is increased more than 

biological reference range. In this study more than 70% 

of patients are having a serum copper concentration more 

than biological reference range with increase endometrial 

thickness whereas 55% of controls are having elevated 

copper but a lesser increase in endometrial thickness. 

There were significant decreases in the percentage of 

patients having Hb concentration more than 11 (gm/dl). 

45% of patients and 60% of control are having Hb more 

than 11 (mg/dl).This could be as a result of excessive 

bleeding in DUB patients.  To see the role of copper and 

a major copper-binding molecule in blood 

(ceruloplasmin) on dysfunctional uterine bleeding, we 

have studied 20 DUB patients aged between 15-45 years 

(group 1) and compared with 20 age matched non-

pregnant healthy women with normal menstrual cycle 

(group 2).when serum copper and ceruloplasmin levels 

compared between patients and controls. There was a 

significant increase in levels of serum ceruloploasmin (P 

<0.001) in DUB patients with regard to a higher 

biological reference range of copper (Table 1). The 

increased serum copper concentration observed in 

patients (70%) as well as control (55%), when it is 

compared with serum ceruloplasmin it shows significant 

increase in those patients with increase serum copper 

level. The ultrasonographically measured endometrial 

thickness showed increased thickness among the patient 

group (P <0.05). Serum copper, which is an obligatory 

cofactor of angiogenesis was measured in patients and 

controls.serum copper levels were higher (225.88 ± 

58.92) in DUB patients than in controls (219.89 ± 59.25). 

70% of the patients showed a serum copper level higher 

than biological reference range, this in contrast with 55% 

of the controls that showed serum copper higher than 

biological reference range (Table 1). It shows a 

biologically significant of copper as an angiogenic 

stimulator in development of dysfunctional uterine 

bleeding. This study has shown that some copper and 

ceruloplasmin could be a sensitive indicator of 

angiogenesis in DUB patient (Table 1) the specificity is 

increased when both the parameters are measured 

together with a higher direct correlation. Analysis of table 

1 indicates that serum ceruloplasmin as a copper binding 

protein in serum could exert a significant role in 

angiogenesis in endometrium leading to DUB. Serum 

copper levels alone did not correlate with endometrial 

thickness. In DUB patients Hb level were significantly 

decreased when compared to control. This may be due to 

excessive bleeding in DUB patients (Table 2).  

DISCUSSION 

Copper regulate the transcription of genes, so copper 

levels are essential regulatory or inhibitory factor for 

transcription of specific gene.
11

 Ceruloplasmin may 

function as an antioxidant in two different ways. Free 

copper and iron ions are powerful catalysts of free radical 

damage. By binding copper, ceruloplasmin prevents free 

copper ions from catalyzing oxidative damage (12). If 

serum copper and ceruloplasmin levels fall less than 30% 

of its normal biological reference range then considers to 

be in a state of severe copper deficiency. Anemia and 

unresponsive to iron therapy is a sign of copper 

deficiency if corrected by copper supplementation. The 

anemia is consider to be a result of defective iron 

mobilization due to decreased ceruloplasmin activity.
6,11

 

Acute copper poisoning has occurred through the 

contamination of beverages by storage in copper-

containing containers as well as from contaminated water 

supplies.
9
 In the U.S., the health-based guideline for a 

maximum water copper concentration of 1.3 mg/liter is 

enforced by the Environmental Protection Agency 

(EPA).
10

 Symptoms of acute copper toxicity include 

abdominal pain, nausea, vomiting, and diarrhea, which 

help prevent additional ingestion and absorption of 

copper. More serious signs of acute copper toxicity 

include severe liver damage, kidney failure, coma, and 

death. The U.S. Food and Nutrition Board (FNB) set the 

tolerable upper level of intake (UL) for copper at 10 

mg/day from food and supplements.
13

 It should be noted 

that individuals with genetic disorders affecting copper 

metabolism (e.g., Wilson's disease, Indian childhood 

cirrhosis, and idiopathic copper toxicosis) may be at risk 

for adverse effects of chronic copper toxicity at 

significantly lower intake levels.
14,15

  

Copper chelation has shown to inhibit angiogenesis 

(Finney et al., 2007) copper containing Intra Uterine 

Devices (IUD) increases inflammatory action and uterine 

bleeding (Kulier et al., 2006). It has been hypothesized 

that elevated serum copper and VEGF levels could be 

associated with menorrhagia, which is excessive 

menstrual bleeding in the absence of a well-defined 

pelvic pathology, often referred to as Dysfunctional 

Uterine bleeding.
16

 The role of angiogenic growth factors 

had investigated beyond the DUB complication, for 

example; pre-eclampsia and placenta, pregnancy related 

complication and also involvement of some of the 

enzyme in oral cancer and correlation with angiogenesis 

related process and the progression of cancer.
17-19

 

There is a relatively strong association between 

anovulation and DUB in adolescents. Studies on 
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adolescent females for 5 years after menarche note that 

estrogen, progesterone, LH, and FSH values are all below 

normal adult levels in year 1; estradiol levels increase to 

normal adult values in year 2. By year 5, FSH and LH 

levels have increased gradually to near normal adult 

values, but serum progesterone levels are still at a low 

percentage of ovulatory cycles (0%–63%). 

During puberty, maturation of the HPO axis is 

characterized by an increase in the frequency and 

amplitude of pulsatile GnRH, which initiates and 

regulates secretion of pituitary gonadotropins.
20

 During a 

time right before puberty, secretion of LH is frequent 

during the night but during the early puberty, secretion of 

LH is increasing so that the value of LH in circulation is 

essential for determining the normal ovulatory cycle. 

Timing of LH secretion is essential to differentiation 

between ovulatory cycles, as increase in basal LH and 

immature timing would result in anovulatory cycles. 

Induce follicular development that is a requirement for 

the ovulation has been characterized by the regular cycle 

and level of secretion of LH and FSH and ultimately the 

estrogen and progesterone are fundamental factor for 

physiology of endometrium. Over secretion of estrogen 

causes out grows of blood vessels and change in 

endometrial architecture and ultimately endometrial 

growth that lead to partial break down and shedding in an 

irregular manner. 

Increased estrogen has a negative effect on the 

hypothalamus and pituitary gland, causing reductions in 

GnRH, FSH, LH, and estrogen. This process results in 

vasoconstriction and collapse of the thickened, 

hyperplastic endometrial lining, leading to heavy and 

often prolonged bleeding. Without ovulation and 

subsequent progesterone production, a state of unopposed 

estrogen occurs, causing dilatation of the spiral arterial 

supply in the endometrium, and resulting in endometrial 

proliferation and associated abnormal height without 

proper structural integrity.
21

 Large, thin-walled, tortuous, 

superficial endometrial vessels often can be demonstrated 

on the surface of the hyperplastic endometrium; increased 

fragility is a probable contributor to increased blood loss. 

Unopposed estrogen has a direct effect on the uterine 

blood supply by reducing vascular tone and possibly an 

indirect effect by inhibiting vasopressin release, leading 

to vasodilatation and increased blood flow.
22,23

 

Unopposed estrogen also stimulates stromal VEGF 

expression, which may contribute to distributed 

angiogenesis.
24,25

 In addition, endometrium exposed to 

prolonged, unopposed estrogen synthesizes less 

prostaglandin (PG) and a higher proportion of 

Prostaglandin E (PGE) than PGF.
26

 The endometrium 

often breaks down unevenly, even when circulating 

estrogen concentrations are high or rising, with scattered 

red patches as seen in hysteroscopy, corresponding to 

thrombotic foci of necrotic disintegration, adjacent to the 

abnormally proliferated endometrium.
27,28

 An increased 

production of endometrial nitric oxide (endothelium 

derived relaxing factor) in response to excessive and 

unopposed estrogen has been postulated as another 

mechanism leading to excessive blood loss in 

anovulatory menstruation.
29

 Although anovulation is the 

most common finding associated with DUB, a number of 

ovulatory patients have intermenstrual bleeding. The 

mechanism of this particular disorder is unclear. In 

addition, conditions of prolonged progesterone excretion 

after ovulation, as a result of persistent corpus luteum 

cyst (Halban’s disease), can result in 6 to 8 weeks of 

amenorrhea followed by irregular menstrual flow. 
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