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ORIGINAL ARTICLE

Effects of testosterone administration on liver structure and function
in aging rats
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Abstract

Aging males have a decrease in testosterone levels, by which the testosterone treatment may
influence in a negatively fashion the liver.
Aim: This study aimed to analyze the effects of aging with or without testosterone
administration on the liver components of animals.
Methods: Wistar rats were divided into three groups: 20 months’ group (G20), 24 months’ group
(G24), group treated with testosterone for 16 weeks (GT). All groups were sacrificed at
24 months except for G20 that was sacrificed at 20 months.
Results: Aging and testosterone treatment alters the body weight (BW), liver weight (LW) and
relative liver weight. Besides, testosterone increased the mitogen capacity of hepatocytes.
Nonetheless, we reinforce the negative effects of testosterone on old animals’ liver as chronic
hepatic congestion and/or cholestasis. In addition, we observed that testosterone plays an
important role on hepatic glycogen stores.
Conclusions: Our study showed many implications for the knowledge about the effects of aging
with or without testosterone administration on old animals’ liver.
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Introduction

Aging is a continuous process characterized by a progressive

decline of the homeostatic control [1]. It is a dynamic and

progressive process in which changes occur, both morpho-

logical, functional, biochemical and psychological which

determine the progressive loss of the individual’s ability to

adapt to the environment, leading to greater vulnerability and

greater incidence of pathological processes [2,3].

Anatomical changes are the most obvious signs of aging

and are manifested in the first place [3]. The WHO classifies

the elderly starting at 60 years old with most countries

considering 65 years old, the beginning of the old age [4]. As

for the animals, Wistar rats become mature at 5 or 6 weeks of

age and after that, each month of life is equivalent to 2.5 years

of a human life. We considered 20 months as older adult

animals and 24 months as aged animals [5].

During aging, besides tissue changes, there are also

changes in hormonal levels in males, the decrease in

testosterone levels stands out [6]. According to Osterberg

et al. [7], 20% of men aged 60 years suffer from

hypogonadism, which is also called testosterone deficiency

syndrome (TDS) [8]. It is known that reposition of this

hormone with caution and monitoring [9] determines the

increase in muscle tissue and, consequently, an increase in

muscle strength [10], decreasing fat tissue and increasing

libido. However, supraphysiologic doses of testosterone have

been suggested to improve muscle strength and different

metabolic parameters in shorter time [10–12]. On the other

hand, these exacerbated doses could injure the liver [9,13,14],

as well as, other organs as heart and prostate [6,9,15].

Although many physiological effects have been described

in the literature regarding the use of testosterone in the liver

[9,13,14], there is still unclear evidences about the effects of

this steroid on liver structure during aging.

Materials and methods

All experimental procedures conformed to the guiding

principles of the American Physiology Society and were

approved by the Ethical Committee of São Judas Tadeu

University under the protocol number 001/2013.

To carry out this study, 18 male Wistar rats were used. The

rats (20 months of age) were randomly divided into three

groups: 20 months’ group (G20, n¼ 6), 24 months’ group

(G24, n¼ 6), group treated with testosterone for 16 weeks,

Address for correspondence: Ricardo Aparecido Baptista Nucci,
Department of Aging Sciences, São Judas Tadeu University, 546
Taquari St., São Paulo, Brazil. Tel: +55 11 948921783. Fax: +55 11
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totaling 24 months (GT, n¼ 6). The body weight (BW) was

measured at the beginning of each week and the final BW was

compared.

The hormone used was PERINON� (testosterone propi-

onate, veterinary use) from Perini Laboratory (São José,

Brazil), with 100 ml in vial containing 1 g of testosterone

propionate and peanut oil q.s.p. 100 ml. The injected dose was

10 mg/kg [16] to the weight of the animals from GT group.

The dosing was administered two times a week. Injections

were given throughout 16 weeks totaling 32 intraperitoneal

injections.

After the experiments, the animals were sacrificed by CO2

method and the liver was removed. Then fragments of liver

were fixed in 10% buffered formalin and dehydrated in an

increasing series of alcohols. They were cleared in xylene,

embedded in paraffin, sectioned in 5 mm thick sections and

stained with hematoxylin and eosin (HE), picrosirius red and

periodic acid of Schiff (PAS) for light microscopy analysis.

The histological sections stained with HE were used to

analyze the area and the numerical density of hepatocytes and

other liver cells using the Axio Vision software (version

4.9.1). For numerical density, we counted all the cells

(hepatocytes or other liver cells, e.g. Kupffer and Stellate

cells without discrimination) in each field.

In HE histological sections we analyzed, through stereo-

logical methods, the volume density of lobular parenchyma

components (capillaries sinusoids, perisinusoidal spaces and

biliary ducts) and non-lobular parenchyma components

(portal spaces, veins and center-lobular branches of blood

vessels). The sections stained with picrosirius red were used

to analyze the percentage of type I collagen fibers (indicative

of fibrosis). Finally, the sections stained with PAS were used

to analyze the percentage of glycogen present in the tissue.

For the determination of numerical density of collagen and

glycogen, Image J software (National Institute of Health,

version 1.45s) was used. It was done by counting the number

of structures present in the photographic field of microscopic

field. The structure which touched the lines to the right and

upwards on the screen were disregarded, while those which

that touched the lines on the left and downward were

considered [17].

The data were presented as mean and standard deviation,

and to detect differences between groups, the analysis of

variance (ANOVA) was used, followed by Tukey’s post-hoc

test with a significance level of 5%. The data were analyzed

with the statistical software SPSS, version 21.0 (IBM SPSS

Statistics version 21.0).

Results

Our results show that testosterone treatment in aged rats can

produce different outcomes. Testosterone administration

reduced significantly the BW. Liver weight (LW) increased

with both aging and testosterone administration. Regarding

the relative liver weight, the aging process and the use of

testosterone increased the hepatic mass (Table 1).

We observed in Table 2 that testosterone treatment

showed significant decrease in hepatocyte area, nonetheless

increased number of hepatocytes and the number of other

liver cells.

Table 3 shows stereological measures, in which the major

finding was a possible cholestasis and/or chronic hepatic

congestion, characterized by decreased lobular parenchyma

components and consequent increase in non-lobular paren-

chyma, as well as, an increase of collagen fibers type I in GT,

indicating fibrosis. Finally, Table 3 also showed increased

liver glycogen in GT.

Discussion

Our study analyzed the effects of testosterone administration

on the liver components of old animals. Observing Table 1,

we can see that aging increases BW. However, animals that

received testosterone showed a significant decrease of the BW

when compared with G24, indicating that testosterone

influence in BW. This is consistent with an experimental

study [18] demonstrating that testosterone can influence BW.

In addition, a meta-analysis of randomized clinical trials in

old men [19] reported that the use of testosterone decreases

body fat and total cholesterol.

We can see that the absolute weight of the liver suffers a

sharp increase with both aging and testosterone administra-

tion. In order to have no doubts about these results, we

performed the relative liver weight, established by the ratio of

Table 2. Area of nuclei of hepatocytes (ANH mm2), number of nuclei of
hepatocytes (NNH per field) and number of nuclei of other liver cells
(OLC per field) of G20, G24 and GT groups.

Groups ANH (mm2) NNH (per field)
OLC

(per field)

G20 (n¼ 6) 42.65 ± 11.21 18.18 ± 4.24 4.59 ± 8.90
G24 (n¼ 6) 42.79 ± 10.23 18.95 ± 6.69 5.93 ± 12.84
GT (n¼ 6) 37.93 ± 9.20*y 22.06 ± 6.38*y 10.70 ± 22.03*y

Results are means ± standard deviation, n¼ number of animals.
*p50.05 vs. G20.
yp50.05 vs. G24.

Table 3. Volume density of lobular parenchyma components (LPC %),
volume density of non-lobular parenchyma (NLP %), volume density of
collagen fibers type I (COL %) and volume density of hepatic glycogen
(GLY %) of G20, G24 and GT groups.

Groups LPC (%) NLP (%) COL (%) GLY (%)

G20 (n¼ 6) 22.41 ± 4.20 5.70 ± 4.40 3.25 ± 5.88 6.51 ± 0.50
G24 (n¼ 6) 15.62 ± 4.80* 9.80 ± 8.00* 3.80 ± 5.67 6.41 ± 0.65
GT (n¼ 6) 17.57 ± 3.90*y 8.67 ± 6.50* 6.10 ± 6.61* 7.36 ± 0.35*y

Results are means ± standard deviation, n¼ number of animals.
*p50.05 vs. G20.
yp50.05 vs. G24.

Table 1. BW, LW and relative liver weight times 100 (LW/BW %) of
G20, G24 and GT groups.

Groups BW (g) LW (g)
LW/BW

(%)� 100

G20 (n¼ 6) 486.30 ± 38.90 14.60 ± 1.60 3.01 ± 0.12
G24 (n¼ 6) 644.10 ± 129.50* 24.80 ± 4.80* 3.86 ± 0.16*
GT (n¼ 6) 527.30 ± 48.60y 20.70 ± 3.00* 3.96 ± 0.75*

Results are means ± standard deviation, n¼ number of animals.
*p50.05 vs. G20.
yp50.05 vs. G24.
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the total liver weight (absolute weight) divided by the final

BW of the animal times 100. Regarding to the relative liver

weight, we observed that aging is a factor that influences the

liver mass gain. Furthermore, our data demonstrate that

testosterone increased the relative liver weight. Lydén et al.

[20] and Pignata et al. [21] demonstrated the effectiveness of

the steroid nandrolone decanoate in increase liver mass even

in cases of cancer. Besides, Vieira et al. [14] had similar

effects to those described in our study.

In Table 2, we suggest that aging and testosterone

influence on the nuclei of hepatocytes. The present study

demonstrated that testosterone decreased the area of the

nucleus of hepatocytes, increased their numerical quantity

and increased the number of nuclei of other liver cells.

Michalopoulos and De Frances [22] also highlighted the role

of testosterone as mitogen for hepatocytes. This is consistent

with studies demonstrating that the Hepatocyte Growth Factor

produced by Kupffer cells is a contributing factor in mitosis

when the liver suffers chemical, toxic or surgical aggression

[22,23]. Although, it is not possible to distinguish Kupffer

cells and stellate cells properly with the technique used, the

increase in the number of these cells could indicate a reaction

to a liver injury, since Kupffer cells are part of the phagocytic

system and exhibit hyperplasia in response to a systemic

imbalance [24].

Table 3 shows the stereological analysis of the volume

density of the components of lobular hepatic parenchyma. We

found that both aging and testosterone seem to induce a

decrease in the components of the lobular parenchyma. The

reason for this sharp decline may be related to a hepatic

congestion [25]. To corroborate this observation, hepatic

congestion would be accompanied by an increase also in the

volume density of non-lobular parenchyma, which was found

in our analysis.

In the present study, the hepatic NLP was significantly

increased in aged animals and after testosterone administra-

tion. This is in accordance with other studies which have

suggested that hepatic congestion may be a result from the

process of aging and the use of testosterone [25–29]. In

addition, the groups that received testosterone treatment had a

significant increase of collagen fibers type I which can

characterize a result fibrosis of chronic hepatic congestion

[28]. Furthermore, Lise et al. [30] showed that cholestasis is

related to the use of testosterone. Considering that cholestasis

involves the bile ducts, the significant changes in the volume

density of lobular parenchyma components found in our

study, suggest that testosterone administration has modified

the bile ducts and its transport. Nevertheless, a further study is

needed to determine the effect of testosterone administration

on bile production.

The present study demonstrated a significant increase in

the volume density of hepatic glycogen in rats by testosterone

administration. This is consistent with the finding that the

absence of male sex hormones, induced by castration,

increases blood glucose without altering circulating levels

of insulin [31]. Therefore, it is believed that testosterone may

play an independent role, but like that of insulin in glucose

uptake mechanism, thus assisting in increasing the hepatic

glycogen reserve.

In conclusion, testosterone administration displayed

important effects to the liver of old rats. First, testosterone

has increased the mitotic capacity of hepatocytes. Second, the

results reinforce the negative effects of testosterone on old

animals’ liver as chronic hepatic congestion and/or choles-

tasis. Finally, testosterone plays an important role in aging by

increasing hepatic glycogen stores.
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steroid altered the liver morphology of rats. Int J Morphol 2014;32:
756–60.

26. Zoli M, Magalotti D, Bianchi G, et al. Total and functional hepatic

blood flow decrease in parallel with ageing. Age Ageing 1999;28:

29–33.
27. Le Couteur DG, Fraser R, Kilmer S, et al. The hepatic

sinusoid in aging and cirrhosis: effects on hepatic substrate
disposition and drug clearance. Clin Pharmacokinet 2005;44:
187–200.

28. Gore RM, Mathieu DG, White EM, et al. Passive hepatic

congestion: cross-sectional imaging features. Am J Roentgenol

1994;162:71–5.
29. Bento-Silva MT, Martins MDC, Torres-Leal FL, et al. Effects

of administering testosterone undecanoate in rats subjected to
physical exercise: effects on the estrous cycle, motor behavior and
morphology of the liver and kidney. Braz J Pharm Sci 2010;46:
79–89.

30. Lise MLZ, Da Gama e Silva TS, Ferigolo M, et al. O abuso de
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