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Abstract: Medroxyprogesterone Acetate (DMPA) is a long-acting, injectable progesterone derivative
contraceptive and classified as sex hormone binding globulin (SHBG). In this study the effect of
(DMPA) on serum protein patterns, hepatic and renal tissues were investigated on adult female rats.
Sixty mature healthy female rats with average body weight ranged 130 — 200 g, 40 of them were
injected IM with DMPA human therapeutic (150 and 300 mg) equivalent to rat doses (2.7 or 5.4 mg/
rat/ week) and sacrificed after four and six weeks of the treatment. Sera total proteins, liver functions
and electrophoretic analyses were quantified as well as liver tissues were removed and fixed. The
Student's “t”-distribution were adopted for assessment of significant changes occurring between the
groups. DMPA was found to reduce the concentrations of both serum total protein and serum protein
fractions (Prealbumin, Albumin and globulin ”&-f & y”) of the treated rats as well as several band
discomfitures. DMPA induced histopathological lesions in liver and kidneys tissues of the treated rats
which represented by; Lymphocytic infiltration as well as dilated and edematous blood vessels. The
majority of liver cells their cytoplasm displayed signs of degeneration represented by cytoplasmic
vacuolization and necrosis. The findings shed more light and traceable to effects of DMPA on the
adult female rats and suggests a toxic potential of DMPA which makes this an important issue that
is worthy of animal trials studying possible ill-effects. It demands the lowest possible use of effective
doses of DMPA to minimize any potential risk.
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INTRODUCTION

Depot medroxyprogesterone acetate (DMPA) is a highly effective contraceptive method. It has been used
as a contraceptive agent by millions of women in more than 90 countries since 1967 and was approved for
use in several developing countries in 1992. The contraceptive mode was a depot injection containing 150mg
medroxyprogesterone acetate which administered by intramuscular route at a plasma concentration of about
Ing/ml (Kahn ef al., 2003). Nearly 12 million women worldwide use injectable, progestin-only formulation over
long intervals (United Nations Development Programme, 1997).The use of DMPA the contraception associated
with significant increase in serum levels of albumin, alpha 1-acid glycoprotein, alpha 2-macroglobulin,
haptoglobin, IgG; reduced levels of alpha 1-antitrypsin, transferrin, C3c, C4 but no change in serum IgA, IgM,
C-reactive protein and ceruloplasmin in fifty women used DMPA (Fajumi, 1984). While, no significant changes
were observed in Indian users of DMPA at the levels of IgA, IgM, total protein, and albumin. But, IgG levels
were increased in the first and third month after DMPA injection, and the increase in the first month was
statistically significant (Lali et al., 1996). Significant increase in IgG levels was induced by long-acting, 19-nor-
progesterone derivative, implantable contraceptive in healthy Nigerian women in the reproductive age during
one year of use. (Adekunle er al, 2001). Effect of DMPA, levonorgestrel, and gestodene induced marked
decrease in the serum protein fractions specially SHBG (Wilhelm et al., 2003). Human sex hormone-binding
globulin (SHBG), produced in the liver, is the specific plasma transport protein for testosterone and estradiol
that modulates the androgen to estrogen balance (Rosner, 1990 and Hammond, 1995). Low SHBG is associated
with an increased androgenic environment, which has been shown to be associated with an adverse blood lipid
profile. Many studies have shown that SHBG levels correlate positively with HDL-cholesterol concentrations
(Haffner et al., 1989; Pugeat et al. 1995 and Mingrone ef al., 2002). Progestins appeared to be directly related
to the lower concentration of albumin in 4057 current users of progestin including DMPA were enrolled in
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a longitudinal study to determine the side effects of progestational contraceptive drugs on serum proteins,
albumin and gamma globulin (Savitr et al., 2006). DMPA associated with an initial significant increase in their
mean values of concentration of C- reactive protein (CRP), total protein and body weights of the young
women. The increase in the concentration of C- reactive protein (CRP) in the contraceptive users could affect
the risk of venous thromboembolism, cardiovascular disease, and other oral contraceptive-associated adverse
conditions (Westhoff ef al., 2007; Xiang et al., 2007; Cauci et al., 2008 and Meendering et al., 2008 ). Also,
DMPA 10 mg injection for 6 weeks induced reduction in the concentration of total serum IgG of female mice
(Grant et al., 2009).

Referring to histopathological lesions induced by progestin either oral or injectable contraceptives several
publications reviewed; multiple nodular hyperplasia of liver was reported among the users of contraceptives
manifested by marked vascularity and dilated hepatic sinusoids (Roschlau, 1977). Histological and electron
microscopic studies of hepatocytes of biopsies from liver of young women who had used contraceptives
revealed that liver is a target organ for estrogen and progesterone (Adlercreutz and Tenhunen, 1970 and Attia
et al., 1994). Excess of estrogen and/or progesterone produced hepatic morphological, biochemical and
carcinogenic changes (Raufman et a/., 1980 and Adieb ef al., 1986). Estrogen and progesterone (Ghonim, 1987
and Edress et al.,, 1991) also cause congestion in the kidney, lymphocytic aggregation, local hemorrhage and
cystic dilation of renal tubules. Liver tumors has been reported in women with age ranged between (20 — 30
years old) treated for several years with oral contraceptives. It was found that; there are several
histopathological lesions discriminated from hemorrhage due to rupture of adenomas, multiple adenomas (liver
adenomatosis), multiple liver lesions, hypoechogenic nodular image of 8 cm in the right hepatic lobe of the
liver, focal nodular hyperplasia, severe hepatic reactions hepatic failure, and hepatocellular carcinoma (Rumi
et al., 2000; Nakao et al.,, 2000; Tajada et al., 2001; Giordano et al., 2001 and Abe et al., 2002). Moreover,
histological examination of the liver of estrogen- and/or progesterone- treated animals revealed destruction of
the liver architecture, cytoplasmic vaculation of the hepatocytes, fatty infiltrates and a remarkable abundance
of phagocytic infiltrates. On the other hand; the kidney showed marked changes of congestion, perivascular
and interstitial lymphocytic infiltrations, degeneration of some renal corpuscles and renal tubules. Such cells
showed progressive degeneration of their nuclei and necrosis (Al-Rawi, 2002). Transaminases as ALT and AST
are very imprtant marker for liver injury, ALT is a more specific indication of liver disease, whereas AST
elevations may be secondary to damage of other organs. Also, the elevated levels of alkaline phosphatase may
be caused by injury to the liver, bone, kidneys, intestines, placenta, or leukocytes (Giboney, 2005; Heidelbaugh
and Bruderly, 2006; Navarro and Senior, 2006; Hoefs et al., 2006 and Pritchett, 2009).

MATERIALS AND METHODS

The present study was carried using mature female albino rats (Rattus norvigcus) of an average body
weight (160 - 200g). They were apparently normal, healthy animals. They were housed in animal houses under
regular periods of dark and light i.e. (12-hrs dark and 12 -hrs light) at room temperature. Standard diet and
water were provided ad.libitum. The animals were classified into six groups (10 rats each). Groups 1&4 was
untreated and kept as control, groups 2&3 was injected with DMPA (2.7 or 5.4mg/rat/week) respectively for
four weeks. While, groups 5&6 was injected with DMPA (2.7 or 5.4mg/rat/week) respectively for six weeks.
All treated groups were injected intramuscularly (i. m.) with the hormones every 5 days for 3 months. The
doses were converted from human dose (150mg & 300mg) to rat (2.7mg/rat and 5.4mg/rat) dose by using
multiplication factors for dose conversion between different species by Paget and Barnes (1964). Four and six
weeks post-injection the experiments were terminated by cervical dislocation. Heart blood samples were drawn
and refrigerated for one hour to clot. Samples were then centrifuged for 5 minutes and the supernatant serum
frozen at -20°C for ten days until protein and liver enzyme measurements carried out according to method of
Zilva et al. (1988) as well as electrophoretic investigations according to methods of Hames and Rick-Wood
(1981). Gels were photographed, interpretation was carried out using 1D-main software version Windows
(AABI: Advanced American Biotech Imaging. 1D Main Software). Bands of the serum total proteins were
defined according to the methods of Marshall (1984) and Przyjalkowski and Starzenska (1985). The statistical
analysis of the obtained data was done according to Baily (1994) and the analysis was revised by SPSS 10
for windows (2003). For histological study, liver removed washed in saline (0.9% NaCl) fixed in neutral
buffered formalin fluid for 24 hours. After fixation, the tissues were dehydrated through ascending grades of
ethanol and cleared in xylene and finally embedded in paraffin wax. Paraffin sections of 5 pm thickness were
prepared then deparaffinized and stained with Ehrlich’s haematoxlin and counterstained with eosin according
to methods of Davenport (1960) and Humason (1979).
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RESULTS AND DISCUSSION

Biochemical Assay:

DMPA doses for four and six weeks to adult female rats induced decrease in the concentration (g/dl) of
serum total proteins (maximum ~ -83.10 %) in the treated groups compared with the controls. Also, liver
enzyme activities following hormonal treatment exhibited a significant reduction of alkaline phosphatase (Alp)
activity (-18.46 %) as well as significant increase of asparate transaminase (AST) (+82.76 %) and alanine
transaminase (ALT) (+91.28 %) were noticed in sera of treated groups (As shown in Table 1). These decreases
were statistically highly significant (P < 0.01) decrease when compared with the control group.

Table 1: Effect of DMPA doses on the concentration of serum total proteins (mg/dl), alkaline phosphate (p/1), and asparate- and alanine
transaminases (p/1).

Groups After Four Weeks After Six Weeks

Control GII GIII Control GV GVI
T.P. mg/dl 6.18 + 1.9 458" + 1.6 3.667 + 1.3 624 + 14 397" + 1.10 297" + 2.10
% - - 25.88 % - 55.03 % - - 61.48 % - 83.10 %
Alp p/1 129.16 £ 0.1 112.11 £ 0.1* 108.51 + 1.1* 127.25 £ 1.1 110.31 + 1.6* 103.75 & 1.1%*
% - - 13.20 % - 1598 % -- - 1331 % - 18.46 %
AST wl 9132 + 1.4 148.51 + 1.7%* 164.14 £ 2.3%* 92.74 + 2.1 150.81 + 2.6%* 169.50 £ 1.3%*
% - 0.6262 0.7974 -- 0.6261 0.8276
ALT w1 27.81 £ 0.6 4328 £ 0.7%* 51.26 + 0.1** 29.60 + 0.8 49.26 + 0.5%* 56.62 £ 0.4%*
% - 0.5562 0.8432 - 0.6641 91.28

Each value represents mean i Standard deviation (N= 10) (*, **) Significant at P< 0.05 and P< 0.01, respectively. % = Percentage
of change from the Control. T.P.= Total Protein, (ALP) = Alkaline Phosphate (AST) = Asparate Transaminase (ALT) = Alanine
Transaminase

Electrophoretic Assay:

Data of scanned SDS-PAGE (SDS-poly acrylamide gel electrophoresis) of sera proteins of control and
treated rats for both four and six with DMPA doses, indicated several alterations in the protein bands that
are virtually always seen in normal serum. These bands are gamma, beta, alpha-globulin, albumin and
prealbumin.

Concentration of Protein Bands:

DMPA induced discomfiture in serum protein bands represented by increase in bands number (maximum
~ 18.00 bands) as shown in plate (1). Also, induced decreases in the separated protein bands which was dose
dependant. DMPA induced decreases in concentration of y, f and o- globulin as well as prealbumin and
albumin this decreases reached (maximum ~ -83.10%, -60.71%, -65.83%, -45.45 % and -80.37%) respectively.
These changes were statistically highly (P<0.01) in all groups when compared with the corresponding control
group (As shown in Table 2).

Table 2: Effect of DMPA on the concentration of serum proteins (mg/dl) of the female rats.

Groups After Four Weeks After Six Weeks
Control GII GIII Control GV GVI

No. Bands 14 15 16 13 17 18

v- Globulin 1.49 + 0.03 1.37" + 0.06 0.67" + 0.01 1.48 + 0.05 0.57" + 0.01 025" + 0.01
- - 25.88 % - 55.03 % -- - 6148 % - 83.10 %

B- Globulin 0.83 + 0.04 0.66" + 0.01 0.66" + 0.01 0.84 + 0.03 0.68" + 0.02 033" + 0.01
- - 10.84 % - 20.48 % -- - 19.04 % - 60.71 %

Albumin 1.36 + 0.06 0.57" + 0.05 0.74" + 0.05 1.56 + 0.09 0.66 + 0.03 0.54" + 0.01
- - 58.08 % - 5588 % -- - 57.69 % - 6538 %

Prealbumin 0.55 + 0.03 0.43" + 0.04 0.317 + 0.01 0.66 + 0.03 0417 + 0.01 0. 36" + 0.04
- -21.81 % - 43.63 % -- - 3787 % - 4545 %

a- Globulin 1.87 + 0.03 1.66" + 0.03 1.12" + 0.04 2.14 + 0.04 1.62" + 0.02 0.42" + 0.02
- - 1122 % - 40.10 % -- - 2429 % - 80.37 %

Where: Data expressed as Mean + Standard Error , % = Percentage of change from the Control & ** = Highly Significant.

63



Aust. J. Basic & Appl. Sci., 4(1): 61-70, 2010

-2 uES
=

AL T

Plate 1: Electropherogram of Serum proteins from control and treated and female rats with DMPA after Four
and Six weeks.
Where: A&D- Control, B, C, D and F, from GII, GIII, GV and GVI respectively.

Cluster Analysis:

Dendrogram was used to assess the relationship between the different band positions and the distance
moved by these bands as shown in Figs. (1 & 2). Dendrograms constructed for serum protein bands after four
weeks dependant on band matching and amount of proteins of this band revealed that the similarity index
between control and both GII and GIII (14.03%) and dissimilarity reached (85.97%). While, similarity index
between GII and GIII reached 54.67%) and dissimilarity 45.33% respectively as shown in Fig. (1).
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Fig. 1: Dendrogram of separated serum protein bands of treated and control female rats after four weeks.
Where: Lane 1=Control, Lane 2=GII and Lane 3= GIII.

On the other hand, similarity index between control and treated groups GV and GVI belonging six weeks
of treatment shown in Fig. (6). The data revealed that the similarity index between control and GV (47.09%)

and dissimilarity index reached 52.91%. While, similarity index between GVI, GV and control reached 29.12%
and dissimilarity 70.88% respectively as shown in Fig. (2).
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Fig. 2: Dendrogram of separated serum protein bands of treated and control female rats after six weeks.
Where: Lane 1=Control, Lane 2=GV and Lane 3= GVI.
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Histopathological Examination:

DMPA induced different histophathological lesions which were found to be dose dependent. The most
remarkable effect of DMPA doses was the disturbance of the liver architecture and these effects were dose
dependant. The liver sections of the control rats exhibited the classical histological appearance as shown in
(Plate 2A). Meanwhile, liver sections of DMPA treated rats showed focal pathological changes. Some areas
exhibited an increase in the acidophilic and granular appearance of binucleated hepatocytes, together with
dilated, edematous and congested blood vessel (Plate 2B&D). Massive cytoplasmic vacuolization, nuclear
pyknosis and bilirubin pigments with brown appearance throughout the liver tissues infiltration with
proliferation of von-Kupffer cell are seen in (Plate 2B, D, and E, G & H). Also, irregular with detached
endothelial lining blood vessels were observed in (Plate 2H). DMPA doses caused disorientation of hepatic
strands of hepatic lobules. Hepatic cells enlarged with fatty infiltrates and cytoplasmic vacuols. Remarkable
inflammatory cellular infiltration was noted (Plate 2G). Hepatocytes manifested clear necrotic signs as pyknosis
and karyolysis of the nuclei (Plate 2E, F, and G&H).

Plate 2: Histopathological Lesions induced by DMPA in liver tissues of treated female rats.

A, control liver section x20; B (X10), C (x40), D (x40), E (x100), F (x40), G (x100) & H (x40) are liver
sections from treated female rats with DMPA doses. CBV, congested blood vessel; V, vacuole; Bp, bile
pigments; P, pyknosis; Kf, Kupffer cells; OBV, oedemateous blood vessel; B, binucleated hepatocytes; N,
necrotic area; DBS, dilated blood sinusoids; irBV, irregular blood vessel.

Discussion:

In the present study, the long-term use of DMPA results was found responsible for the reduction of serum
total protein concentrations (gm/dl) and alkaline phosphatase (u/1). Also, DMPA doses induced increase in the
concentration (/1) of both asparate transaminase (AST) and alanine transaminase (ALT). Results of serum
chemistry are used to determine their tissue dysfunction or damage in clinical and veterinary studies (Folmar
et al., 1993). The decreased serum total protein concentrations (gm/dl) levels are in agreement with Bakry
(2005) and alkaline phosphatase levels in the present work was recorded by El-Allawy et al. (1984) and El-
Gendy and Tohamy (1998) and in agreement with Voetberg et al. (1994) who attributed this decrease to the
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inhibition of recruitment of osteoblast cells. Also, Lo and Fan (2005) confirmed that DMPA may cause bone
loss in long-term users and such loss may be partially reversible after cessation of use. Transaminases were
considered to be a more sensitive measure in evaluating liver function and damage (Howanitz and Howanitz,
1984). The elevation of aspartate and alanine aminotransferase in the present work are in accordance with
Fakhry et al. (1988) and Taheri et al. (2006) who attributed this increase to hepatocellular damage induced
by estrogen and progesterone. Further, Mukherjea ef al. (1981) and Virutamasen et al. (1986) were reported
alterations in carbohydrate metabolism and liver function in long-term users of DMPA. Ikekpeazu et al. (2009)
reported liver malfunction after short-term use of hormonal contraceptive. Faddah et al. (2005) stated that liver
functions (AST, ALP and Total Bilirubin) were showed activity and significantly elevated in the first year of
DMPA administration. The present study reported that DMPA doses induced various alterations serum protein
fractions as compared with the control groups. These alterations were manifested in polyacrylamide gel
electrophoresis by defeciencey in the concentration of gamma globulin which in agreement with the results of
Cunningham-Rundles et al. (1993) and Keren (1994) who reported that the deficiency of gamma globulin
associated with allergy, metastatic carcinoma, autoimmune conditions and from defective in the synthesis of
this protein. Also, reduction in Beta-globulins level in all treated groups in the present study was recorded and
this confirmed by studies of Whicher (1980), Hamill et al. (1991) and Grant et al. (2009) Who reported
reduction of total serum IgG following injection of female mice with DMPA 10 mg for 6 weeks. The obtained
data of the present study showed reduced levels of beta globulins and this was in accordance with the report
of Keren (1994) whereas, beta-globulins level reduced during use of contraceptives. Significant decrease in
serum albumin level was reported in this study and confirmed by the study of Settlage et al. (1970) who
reported induced significant decrease in albumin in five women were received DMPA 10 mg for 20 days of
each cycle for three months. It also, confirmed by the study of Savitr et al. (2006) who reported
hypoalbuminemia in subjects treated with progestins and they attributed the hypoalbuminemia to the direct
effect of progestins on the metabolism of proteins and hypoalbuminemia in the present study may also
attributed to hepatic dysfunction (Giboney, 2005; Heidelbaugh and Bruderly, 2006; Navarro and Senior, 2006
and Hoefs ef al., 2006) and this correlated with hepatocytes injury by DMPA and confirmed by the incidence
of the histopathological lesions in liver tissues.

In the present study serum prealbumin level was increased with treatment of female rats with DMPA. This
confirmed by Castaneda and Ruize (1994) who reported increase in the prealbumin level in severs hepatic and
renal failure and tumors. A decrease in serum alpha-globulin levels was recorded in the sera of treated groups,
this decrease confirmed by Settlage et al. (1970); Whicher (1980) and Fitzmaurice et al. (1989) who referred
the elevation to acute inflammation. On the other hand, contraceptive agents, mostly sex steroids, influence the
activity of many enzymes including ceruloplasmin (Kaushansky et al., 1987). Ceruloplasmin or ferroxidase is
a blue-coloured metaloprotein which migrates electrophoretically as an alpha-2-globulin (Hyde and Mellor,
1983). Normally ceruloplasmin accounts for 95% of total plasma copper and it acts as an oxidase agent and
involves in the oxidation of ferrous to ferric ions (ferroxidase activity) to promote the binding of iron to
apotransferrin (Planas and Friden, 1973 and Rosser et al., 1972). Liver is the major site of ceruloplasmin
synthesis and many factors including toxic agents and sex steroids have significant influence on this enzyme
synthesis and metabolism. It has already been reported that contraceptive agents increase the enzyme
concentration in the plasma (Liukko ef al., 1988). Also, deficiency of alpha-globulin indicates intravascular or
extravascular hemolysis and associated with liver cirrhosis as reported by Jenkins and Fotherby (1980);
Akpoviroro et al. (1981); Ritzmann & Daniels (1982) and Mackiewicz et al. (1992); Holladay et al. (1998)
and Johnson et al. (2008).

Referring to histopathological lesions induced by DMPA doses in liver tissues these results were in a
greement with Adieb er al. (1986) who reported similar observation in liver cells of female rat after sex
hormones administration. Also, both Boseila ef al. (1985) and Attia et al. (1994) reported dilatation of hepatic
sinusoids, cellular infiltration and congestion of hepatic blood vessels following hormonal treatment. Many
authors interpreted the vacuolation, fatty infiltration and necrosis induced by female sex hormones in liver
tissues and this could be attributed to metabolizing of sex hormones in the hepatocytes which may leads to
increase in the smooth endoplasmic reticulum and swollen mitochondria and cellular granularity as reported
by (Nasonov, 1959), or partially attributed to the anabolic effect of estrogen and progesterone in forming
mRNA that formed a new protein (Boseila et al., 1985; Edress et al., 1991; Attia et al., 1994 and Ganong,
1995). However, Gray et al., 1981 reported a direct effect of ovarian hormones on adipose tissue, role causing
increased body weight and fat deposition. In the present study liver function studies showed sever alterations
that indicate cellular injury in the liver. ALT is a more specific indication of liver disease, whereas AST
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elevations may be secondary to damage of other organs (heart, kidney, brain, intestine, placenta). Alkaline
phosphatase is associated with cellular membranes, and elevated levels may be caused by injury to the liver,
bone, kidneys, intestines, placenta, or leukocytes. (Giboney, 2005; Heidelbaugh and Bruderly, 2006; Navarro
and Senior, 2006; Hoefs et al., 2006). Also, some liver function tests (LFTs) may be raised physiologically,
for example in pregnancy and contraceptive use, or for reasons not associated with liver disease. However,
suboptimal investigation of LFT abnormalities may lead to important treatable causes of liver disease (Pritchett,
2009). Finally, the findings of this study shed more light and traceable to effects of DMPA on the adult
female rats and suggests a toxic potential of DMPA which makes this an important issue that is worthy of
animal trials studying possible ill-effects. DMPA induced harmful alterations in the liver function test and
histological details of liver. It demands the lowest possible use of effective doses of DMPA to minimize any
potential risk. So, the use of hormonal contraceptives should be under the supervision of the physicians.
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