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ABSTRACT

Objective: To evaluate the histomorphological effects of Vitamin D on Norethisterone-induced hepatosteatosis in female rats.
Study Design: Laboratory-based experimental study.

Place and Duration of Study: Department of Anatomy, Army Medical College/National University of Medical Sciences
Rawalpindi in collaboration with the National Institute of Health (NIH), Pathology Laboratory Pak Emirates Military hospital,
and Armed Forces Institute of Pathology, (AFIP) Rawalpindi Pakistan, from Aug to Nov 2021.

Methodology: Thirty female Sprague Dawley rats weighing 250-300 gm were randomly divided into three groups (10 for each
group). Group-A served as control. For eight weeks, Group-B was given Norethisterone 4.55 mg/kg/day by oral gavage.
Group-C was given 1000 IU/kg/day of Vitamin D by intraperitoneal injection for five consecutive days/week, along with
Norethisterone for eight weeks. All the animals were sacrificed at the end of the experiment. The colour and consistency of the
liver specimen were noted. Liver specimens were processed and staining was done with H & E stains. Histologically steatosis
in the specimen was assessed.

Results: The results were compared among the groups. Experimental Group-B, when compared with Control Group-A,
showed a significant change in the colour (p-value 0.033) and consistency of the liver (p-value 0.033) along with marked
steatosis (p-value 0.001). There was a significant improvement in hepatosteatosis (p-value 0.001), which led to improved colour
(p-value 0.029) and consistency of the liver (p-value 0.029) in Experimental Group-C when compared with Experimental

Group- B.

Conclusion: Vitamin D ameliorates hepatosteatosis induced by Norethisterone in the female rat.
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INTRODUCTION

Sex hormones strongly affect vital organs of the
human body, such as the liver, which is the main organ
responsible for maintaining the body's internal en-
vironment,! through their receptors expressed in the
liver.2 In the last 30 years, there has been much deve-
lopment in using different formulations of synthetic
steroid sex hormones for many endocrinologic and
gynecologic problems.? Norethisterone is a first-gene-
ration synthetic progestin registered for treating many
such disorders as contraception, dysfunctional uterine
bleeding, menorrhagia, breast cancer, menstrual post-
ponement, ovarian cysts, and adenomyosis.* Although
the use of these sex hormones has tremendously redu-
ced the incidence of health-related issues like unsafe
abortions and maternal deaths, there is still a need to
look into the long-term effects of these steroid sex
hormones on vital organs of the human body, such
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as the liver.!

The predominant cause of different public health
issues globally is liver disease. According to WHO,
Pakistan has the highest rate of steatohepatitis after
Egypt.> Currently, more than a hundred medications,
including synthetic steroid sex hormones, are known
to cause fatty change impairments of the liver. While
immunosuppressant drugs and liver transplantation
are presently available as therapeutic options for hepa-
titis, they are not considered optimal.® These findings
illustrate the basic requirement for understanding pa-
thophysiological changes in hepatic damage and the
need to establish an effective therapy for liver impair-
ments caused by hepatotoxic agents.”

Thus, demonstrating a more effective and safe na-
tural compound to protect against liver injuries indu-
ced by steroid sex hormones, including Norethis-
terone, is a promising area for research. Furthermore,
the molecular mechanism of the protective effect of
Vitamin D may involve the prevention of increased
levels of highly damaging mediators of oxidative

Pak Armed Forces Med ] 2022; 72 (5): 1816



Histomorphology of Norethisterone-Induced

stress.8 Experimental studies have also shown that
Vitamin D supplementation produces hepato-protec-
tive effects in drug-induced steatohepatitis by increa-
sing the endogenous levels of antioxidants and anti-
inflammatory molecules.” Many studies have recently
been conducted in which Vitamin D was used as a
protective agent against drug toxicity in various or-
gans, including the liver."® However, the synthetic
steroid sex hormone, Norethisterone, and Vitamin D as
protective agents against steatohepatitis have not been
studied. Therefore, the current study sought to assess
the protective effects of Vitamin D on hepatosteatosis
caused by synthetic steroid sex hormones such as
Norethisterone.

METHODOLOGY

This was a laboratory-based experiment study
conducted at the Department of Anatomy, Army
Medical College/National University of Medical
Sciences Rawalpindi in collaboration with the National
Institute of Health (NIH), Pathology Laboratory Pak
Emirates Military hospital, and Armed Forces Institute
of Pathology (AFIP) Rawalpindi Pakistan, from August
to November 2021. All animal care and handling pro-
cedures were performed after getting approval from
the Ethics Committee of Army Medical College/
National University of Medical Sciences, Rawalpindi
(Letter no. ERC/ID/130).

Inclusion criteria: Thirty female Sprague Dawley rats,
2-3 months of age, weighing 250-300gm, obtained from
NIH Islamabad, were included consecutively in the
study.

Exclusion criteria: Female rats with obvious defor-
mities and male rats were not included in the study.

Rats (10 per cage) were kept at the animal house
under standard laboratory conditions with a tempera-
ture of 21+2 C and a 12-hour light/dark cycle. The
animals were fed on standard laboratory rat chow and
water ad libitum. Rats were randomly divided into
three groups, each having ten rats. In Group-A (Con-
trol Group), no intervention was done in this group.
Group-B (Experimental Group) received Norethis-
terone 4.55 mg/kg/day by oral gavage for eight
weeks. Group-C (Experimental Group) received Nore-
thisterone 4.55 mg/kg/day by oral gavage for eight
weeks, along with the intraperitoneal injection of
Vitamin D 1000 IU/kg/day for five consecutive days/
week for eight weeks.

At the end of the experiment (8 weeks), all the
animals were euthanized. Then dissection was done to

remove the liver from the abdominal cavity. The col-
our and consistency of the fresh liver specimen were
noted. The entire liver was placed in a 10% formalin
solution. Transverse liver sections of 5-micrometre
thickness were obtained using a rotary microtome.
Sections were then stained with H &E stains for the
detection of steatosis in the liver speci-men. Steatosis
was observed in four randomly selected fields under
the 40X objective in each slide. Grading was done as: 0
=Absent or <5% hepatocytes with lipid vacuoles, 1=
Mild (lipid vacuoles are present in 5%-30% of hepato-
cytes), 2=Moderate (lipid vacuoles are present in 31%-
60% of hepatocytes), 3=Marked (lipid vacuoles are
present in more than 60% of hepatocytes).

Data were analyzed using Statistical Package for
Social Sciences version 22. Qualitative variables were
presented by frequency and percentage. The chisquare
test, and fisher's exact test, were applied to compare
qualitative variables. The p-value <0.05 was considered
significant.

RESULTS

Immediately after the dissection of rats, fresh liver
specimens were observed for the colour of the liver. In
all 10(100%) animals belonging to Control Group- A,
the colour of the liver was normal, reddish brown. In
Experimental Group-B, 5(50%) livers were reddish
brown, and 5(50%) were pale brown. In Experimental
Group-C, 8(80%) livers were reddish brown, and 2
(20%) were pale brown, as shown in Table-I. Inter-
group comparison showed significant results when
Group-C and Group-A were compared with Group-B
with p-values of 0.029 and 0.033, respectively. How-
ever, the result was statistically insignificant when
Group-C was compared with Group- A (p-value 0.474).

Table- I: Intergroup comparison for colour of liver in control
Group-A and Experimental Groups B and C

6K Group-A | Group-B | Group-C
Parameters Gross Findings (n=10) | (n=10) | (n=10)
. |Reddish Brown| 10(100%) | 5(50%) | 8(80%)
Colour of Liver ™ 1 " Brown - 5(50%) | 2(20%)
Parameters Cvs A CvsB AvsB
Colour of liver 0.474 0.029* 0.033*
(p-value)

After the dissection of rats, the consistency of
fresh liver specimens was also observed. It was noted
that the liver of all 10(100%) animals in Control Group-
A were soft in consistency. While in Experimental
Group-B, 5(50%) livers were soft, and 5(50%) were
relatively harder in consistency. In Experimental
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Group-C, 8(80%) livers were soft, and 2(20%) were
relatively harder in consistency, as shown in Table-II.
Intergroup comparison showed significant results only
when Group-C and Group-A were compared with
group B with p-values of 0.029 and 0.033, respectively.
The comparison between Group-C and Group-A
showed an insignificant result (p-value 0.474).

Table- II: Intergroup comparison for consistency of liver in
Control Group-A and Experimental Groups B and C

Parameters Gross Group-A | Group-B | Group-C
Findings (n =10) (n =10) (n =10)
Soft 10(100%) | 5(50%) 8(80%)

Consistency Relatively o o

of liver harder ) 5(50%) 2(20%)
Nodular - - -

Parameter Cvs A CvsB AvsB

Consistency of |\ 0.029% 0.033*

liver (p-value)

Fat deposition (steatosis) in the liver was also
established in the study. The H & E staining demon-
strated this fat deposition as vacuolation of hepato-
cytes. The grading of hepatosteatosis was analyzed
(Figure). Control Group-A showed all 10(100%) normal
liver specimens with no steatosis. In Experimental
Group- B, 2(20%) liver specimens were normal, 3(30%)
revealed Grade-1 (mild) steatosis and 5(50%) showed
Grade-2 (moderate) steatosis. On the other hand.
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Figure: Photomlcrograph Showing Comparison of Hepatlc
Steatosis in Control Group-A and Experimental Groups B
and C. H & E stain. X400

A. Liver section of Control Group-A (animal A2) showing hepa-
tocytes with central nucleus and normal cytoplasm with absent
lipid vacuoles (blue arrows).

B. Liver section of Experimental Group-B (animal B1) showing
moderate steatosis with increased number of hepatocytes having
lipid vacuoles (yellow arrows).

C. Liver section of Group-C (animal C8) showing marked reduc-
tion in steatosis with only a few hepatocytes having lipid
vacuoles (green arrows)

Experimental Group-C showed 8(80%) normal
specimens and only 2(20%) liver specimens with
Grade-1 (mild) steatosis, as shown in Table-III. Multi-
ple group comparisons yielded highly significant
results (p-value 0.001) when the comparison between
Groups C and B was made. At the same time, there
was a statistically insignificant difference between
Groups C and A (p-value 0.474).

Table-III: Intergroup Comparison for Steatosis of Liver in
Control Group-A and Experimental Groups B and C

Parameters Histological | Group-A | Group-B| Group-C
Findings (n =10) (n =10) (n =10)
Grade 0 10(100%) | 2(20%) | 8(80%)
Steatosis Grade 1 - 3(30%) 2(20%)
Grade 2 - 5(50%) -
Parameters Cvs A CvsB AvsB
Steatosis 0.474 0.001* 0.001*
(p-value)
DISCUSSION

Synthetic steroid sex hormones greatly affect the
quality of life among females by disrupting body
weight regulation,’12 glucose metabolism, and general
homeostatic regulations due to their effects on the
liver.1314 Now there are insinuations that many women
have stopped using these synthetic sex hormones,
including Norethisterone, due to their effects on the
liver and many other side effects on their health.>17 So
there is a need to find an effective and safe natural
compound that can be used as a supplement along
with these synthetic steroid sex hormones to undo
their hepatotoxic effects. Vitamin D can be used as a
supplement due to its anti-inflammatory and anti-
steatotic effects on several body organs.’® In the pre-
sent study, female rats were injected with Vitamin D to
evaluate its effects on the liver.

In the current study, regarding the gross appea-
rance, livers belonging to Control Group-A were red-
dish brown and soft in consistency, reflecting features
of a normal liver.’® Contrary to this, Experimental
Group-B showed a significant change in colour and
consistency. In Experimental Group-B, steatosis in the
liver changes its colour from reddish brown to pale
brown due to retained carotenes.?l The change in
consistency from soft to relatively harder was also due
to lipid accumulation in the liver parenchyma. This
was in accordance with a study conducted by Wang
and his colleagues.® On the other hand, when Vitamin
D was given along with Norethisterone in Experi-
mental Group-C, there was a significant improvement
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in the colour and consistency of the liver. In Experi-
mental Group-C, Vitamin D mainly reduced the inci-
dence of fatty change in the liver, reflected in a soft
liver with a reddish brown colour.?! Mazzone and his
fellows also studied the same effects of Vitamin D on
the liver,2 in their research on rats taking a western
diet which leads to fatty infiltration in the liver. They
also observed that more livers were soft and reddish
brown due to Vitamin D supplementation. Never-
theless, their study results were not statistically analy-
sed; they were just macroscopically observed. In the
present study, we statistically evaluated the marked
improvement in colour and consistency of the liver
due to intraperi-toneal injection of Vitamin D in
Experimental Group-C animals.

Histologically a highly significant steatotic change
was also observed in Experimental Group-B. Prolon-
ged use of Norethisterone, as in the present study,
mainly through interaction with progestin receptors,
leads to impaired lipid metabolism,? increased bile
acid production, cholestasis, and impaired antioxidant
defences.?* The resultant oxidative stress leads to cellu-
lar damage via lipid peroxidation and causes steatotic
change within hepatocytes.®

On the other hand, there was a marked reduction
in the development of steatotic change in the liver of
Experimental Group-C. This showed the preventive
role of Vitamin D in the establishment of steatohe-
patitis. This effect of Vitamin D was in accordance with
a study,? in which the Vitamin D preventive group
showed a significant reduction in hepatic steatosis in
mice on the highfat diet. Vitamin D was given for a
short period, twice a week.

However, the present study showed a highly
significant reduction in steatosis in Experimental
Group-C either due to prolonged use of Vitamin D
along with Norethisterone or its daily dosage. Secon-
dly, this study also showed the preventive role of
Vitamin D against drugs, specifically sex hormonein-
duced steatohe-patitis, which was not previously
observed.

CONCLUSION

The present study concluded that the synthetic steroid
sex hormone, Norethisterone affects the histomorphology of
the liver, causing marked steatotic change, which makes the
liver pale brown and relatively harder. Supplementation
with Vitamin D had marked ameliorative effects on these
parameters. Thus, this study supports that Vitamin D has a
hepatoprotective effect against Norethisterone-induced fatty
change in the liver.
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