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Abstract

Objectives: The role of androgens in the development of cardiovascular diseases remains controversial. The current study
therefore aimed to determine the changes in the carotid intima-medial thickness of the male rat in surgically-induced hypog-
onadism.

Methods: Twenty-two Rattus norvegicus male rats aged two months were used. The rats were randomly assigned into base-
line (4), experimental (9) and control (9) groups. Hypogonadism was surgically induced in the experimental group by bilateral
orchiectomy under local anesthesia. At experiment weeks 3, 6 and 9, three rats from each group (experimental and control) were
euthanized, their common carotid artery harvested, and routine processing was done for paraffin embedding, sectioning and
staining. The photomicrographs were taken using a digital photomicroscope for morphometric analysis.

Results: The mean carotid intima-median thickness was 321.97 um at baseline. There was a progressive increase in the carotid
intima-median thickness by 17.6%, 37% and 67.1% of the baseline values in the castrated group at the end of the third, sixth
and ninth week respectively (p<0.001). Although the carotid intima-median thickness increased in the non-castrated group with
increasing duration of the study, these increases were not statistically significant (p=0.110). The increase in carotid intima-medi-
an thickness was associated with hyperplasia of the intimal layer as well as increased deposition of collagen fibers in the medial
layer.

Conclusion: Androgen deprivation by surgical castration induces a progressive increase in the carotid intima-median thick-
ness. This may constitute an anatomical basis for the higher predisposition of hypogonadal males to cardiovascular diseases.
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Introduction

Carotid intima-medial thickness (c-IMT), defined as the
combined thickness of the intimal and medial layers of the
common carotid artery (CCA)," is an important biomark-
er of subclinical atherosclerosis.”” It is an established indi-
cator of the presence, extent and severity of coronary artery
disease (CAD)." It is also independent predictor of future
cardiovascular events, with an absolute 0.1 mm increase in
the c-IMT correlating to a 10-15% and 13-18% increase
in the risk of future myocardial infarction (MI) and stroke
respectively.” Tt is therefore utilized as a surrogate end
point for cardiovascular events in interventional studies.””

gender disparity in the incidences of CVDs, with a higher
male preponderance” as well the abuse of anabolic
steroids by athletes which has been linked to various
adverse effects on the cardiovascular system including
thrombosis, hypertension and heart failure."" Similarly,
hyper-androgenic conditions such as congenital adrenal
hyperplasia (CAH) and polycystic ovarian syndrome
(PCOS) has been associated with an increase in C-
IMT."™™ However, evidence from various population
studies and animal studies demonstrate beneficial effects of
physiological levels of androgens, reporting an inverse cor-
relation between androgen levels and c-IM'T & incidences
of CVDs.""™ The relationship between androgens and

"The role of androgens in the development of cardiovas-
CVDs/c-IMT therefore remains unclear.

cular diseases (CVDs) remains controversial.” Traditionally,

androgenic hormones have been associated with an
increased risk of CVDs. This has largely been based on the

Of note, previous studies mainly focused c-IMT meas-
urements in the presence of physiological or supra-physi-

deomed.



66 Cheruiyot I et al.

ological levels of androgens. Changes in the c-IMT in
hypogonadal states remains relatively underexplored. The
current study therefore sought to determine the changes
in the ¢-IMT in orchiectomy-induced hypogonadism.
"This may be important in predicting the risk of cardiovas-
cular events in patients with hypogonadism secondary to
age-related decline in endogenous androgen levels,"”*”
androgen deprivation therapies”” or disorders that either
damage the testis or reduce gonadotropin stimulation.”*"

Materials and Methods

A total of 22 male rats aged 2 months were used in this
study. Rats were used as the study model because of their
ease of handling, low maintenance cost and close physi-
ological resemblance to man. Further, the structure of
the rat common carotid artery (CCA) is similar to that in
man. Two-month old rats were used because this is the
age at which they attain sexual maturity. Rats with visi-
ble neck or scrotal pathology were excluded. The ani-
mals were housed in cages floored with wood shavings
that were changed regularly. They were kept in their
cages for 2 weeks prior to commencement of the study
for acclimatization. The animals were placed under a
normal 12 hours’ light/dark diurnal cycle and provided
with standard rat pellets and water ad libitum. Ethical
approval to conduct the study was granted by the
Biosafety, Animal Care and Use committee of Nairobi
University, Nairobi, Kenya (Ethical approval number:
FVMBAUEC/2016/96).

Four rats were chosen using simple random sampling
technique to demonstrate the baseline (day 0) histomor-
phology of the CCA. The remaining rats were divided
randomly into 2 groups (11 experimental, 11 controls).
Hypogonadism was induced in the experimental via
bilateral orchiectomy under local anesthesia. The ani-
mals were placed in the dorsal recumbent position and
under physical restrain. The scrotal skin disinfected
using iodine solution. Two ml of 1% lignocaine was
injected in the around the scrotal sac to provide local
anesthesia. A 1.5 cm incision was made at the base of the
hemi-scrotal sacs. Subcutaneous tissue was bluntly dis-
sected to reveal the vaginal processes. This was then
excised to access the testis and the spermatic cord which
were then gently exteriorized. The spermatic cord was
then clamped, ligated and removed together with the
testis and epididymis. A 4-0 suture was then used to close
the processus vaginalis. This procedure was repeated on
the contralateral hemi-scrotal sac. The skin was there-
after closed with a 2-0 non-absorbable interrupted
sutures. The wound was then covered with a cotton wool
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soaked in iodine and secured with a bandage. Post pro-
cedural pain was detected through observation based on
the animals’ behavior and attitude changes. These
include reluctance to move, abnormal posturing,
decreased appetite and vocalization. This post procedur-
al pain was managed using ibuprofen 5 mg/kg mixed
with water.

On experimental week 3, 6 and 9, three animals from
both groups were picked randomly, euthanized and per-
fused with normal and formal saline solutions. Their
CCA were harvested and processed for paraffin embed-
ding and sectioning. The rats’ CCA were fixed in 10%
formalin for twelve hours. This was followed by dehy-
dration in increasing grades of alcohol (70% up to
absolute alcohol) at one hour intervals, and clearing in
toluene. Thereafter, the vessels were placed in the mem-
mert oven for wax infiltration. The CCA were embedded
in paraffin wax and oriented for transverse sectioning.
After cooling, the embedded tissues were blocked using
wooden blocks and then serially cut into 7 pm sections
using a microtome. Fifteen 7 pm sections were random-
ly obtained from the ten ribbons, floated on a 60 °C
water bath and picked on a glass slide, then dried in an
oven for 12 hours. Masson’s Trichrome was used to dis-
play smooth muscle cells and collagen fibers while
Wiegerts stain was used to display elastic fiber profile.

Photomicrographs of the sections were taken using a
digital camera (Canon Powershot A640, 12 mp, Beijing,
China) mounted on a photomicroscope (Carl Zeiss,
Axiostar Plus Microimaging, Jena, Germany) for mor-
phometric analysis using the Fiji-Image]. This is an open
source software developed by the United States National
Institute of Health for processing and analyzing images.
The variable obtained was the carotid intima-medial
thickness (c-IMT). The c¢-IMT measurements were
obtained from four different parts of the vessel wall and
an arithmetic mean of the four values used for analysis.

The collected were entered into the using the
Statistical Package for Social Sciences (SPSS for
Windows, version 21.0, Chicago, IL, USA) for coding,
tabulation and statistical analysis. The c-IMT was
expressed in micrometers. The data were grouped into
two: Control group (non-castrated) and experimental
(castrated) group. After confirming that the data was not
normally distributed (using box plots and histograms),
non-parametric tests were used for univariate analysis.
Kruskal-Wallis H test was used to compare the medians
of the c-IMTs along the various harvesting periods with-
in each group. Mann-Whitney U test was used to com-
pare the medians in c-IMTs between control and exper-
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imental groups. A p-value <0.05 was considered signifi-
cant at 95% confidence interval. Data is presented in
tables and photomicrographs.

Results

The mean carotid intima-median thickness (c-IMT) was
321.97 pm at baseline. There was a progressive increase
in the c-IMT by 17.6%, 37% and 67.1% of the baseline
values in the castrated group at the end of the third, sixth
and ninth week, respectively (p<0.001) (Table 1). These
increases in c-IMT were more marked in rats exposed to
hypogonadism over a longer period of time (Figures 1a-
f). The increase in c-IMT was associated with hyperpla-
sia of the intimal layer as well as deposition of collagen
fibers in the medial layer (Figures 1c and d). Although
the c-IMT increased in the non-castrated group with
increasing duration of the study, these increases were not
statistically significant (p=0.110) (Table 1).

Discussion

The present study demonstrates that endogenous andro-
gen deprivation by bilateral orchiectomy results in a sig-
nificant increase in the carotid intima-medial thickness
(c-IMT) of the male rat. To the best of our knowledge,
this is the first study to describe changes in the c-IMT in
induced hypogonadism. Previous studies focused mainly
on the correlation between the levels of endogenous
androgens and c¢-IM'T. Nonetheless, the findings of the
current study are in concordance with studies by Muller
et al.,”” Farias et al.,”” and Chan et al.,”” who reported
an inverse correlation between androgen levels and c-
IMT. The findings of the current study are however at
variance with those by Allameh et al.,"" and Kim et al.,""
who reported increased c-IMT measurements in hyper-
androgenic conditions such as congenital adrenal hyper-
plasia (CAH) and polycystic ovarian disease (PCOS).

Pooled together, the above findings suggest that physio-
logical levels of androgens are beneficial, whereas
extreme levels (hypogonadism and hypergonadism) are
detrimental to the cardiovascular system.

The increase in ¢-IMT could be attributed to the
hyperplasia of the tunica intima as well as increased dep-
osition of collagen fibers in the tunica media that was
observed in the current study. The development of inti-
mal hyperplasia in induced hypogonadism, hitherto
undescribed to the best of our knowledge, may be attrib-
uted to the increased production of pro-inflammatory
cytokines”” and reactive oxygen species (ROS)*" that
normally accompany androgen deprivation. These are
known to cause endothelial injury, a crucial initial com-
ponent in the pathogenesis of intimal hyperplasia.””
Similarly, endogenous androgens are known to have
inhibitory effects on vascular smooth muscle prolifera-
tion and migration. It is therefore plausible to postulate
the loss of these inhibitory effects, hence proliferation of
smooth muscle cells in the tunica intima, resulting in
intimal-hyperplasia. Although the current study did not
investigate the changes in lipid profiles of the study ani-
mals, previous studies have reported dysregulations in
lipid metabolism in hypogonadal states, with decreased
levels of high density lipoproteins (HDL) as well as
increased levels of low density lipoproteins (LDL) and
triglycerides (T'Gs).” This may plausibly constitute
another basis for the development of intimal hyperplasia
in the current study.

Increased carotid intima-medial thickness (c-IMT) is
an established marker of atherosclerosis™ and is an inde-
pendent predictor of the presence and severity of coro-
nary and peripheral artery disease.*"” Increased c-IM'T
seen in this study and those from previous studies there-
fore suggest that low androgen levels are associated with
increased risk of atherosclerotic coronary and peripheral

Table 1
Changes in the carotid intima-medial thickness in control and experimental animals.

Group Baseline Week 3 Week 6 Week 9 p
Control (medians) B1-322.64 C1-327.31 C4 -329.98 C7 -344.43
B2 -323.36 C2-324.22 C5-331.28 C8-342.05 011
B3 -320.39 C3-326.44 C6 - 329.51 C9-345.36 )
B4 -321.49
Experimental groups (medians) E1-379.31 E4 - 442.42 E7 - 538.89
_ E2 - 375.76 E5 - 438.04 E8 - 540.17 <0.001*
E3 - 378.01 E6 - 441.38 E9 - 537.36
p _ 0.002* 0.001* <0.001*

*p<0.05. B: baseline animals; C: control animals; E: experimental animals.
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Controls Experimentals

Figure 1. Photomicrograph showing the structure of the CCA of (a) a normogonadic rat at week 3, (b) three weeks after castration (note the
increase in intima-medial thickness compared to the control in Figure 1a), (c) 9 weeks after castration (note the intima hyperplasia with smooth
muscle cell nuclei), (d) hypogonadic rat seen 9 weeks after castration (note the intimal hyperplasia that’s thicker than that in the control animal
in Figure 1¢) (green stars). Hematoxylin and Eosin stain. Photomicrograph showing the organization of tunica media of common carotid artery
of (e) a normogonadic rat at week at week 6 of the study, (f) a hypogonadic rat seen 6 weeks after castration (note the increased intima-medi-
al thickness as well as the intimal hyperplasia). IMT: intima-medial thickness; TA: tunica adventitia; TM: tunica media. Wiegerts' elastic stain.
Scale bars=100 pym. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

Anatomy « Volume 12 / Issue 2 / August 2018



Castration induces progressive increase in the carotid intima-medial thickness of the male rat

artery disease. This is in agreement with various obser-
vational studies that have reported higher incidences of
these diseases in hypogonadal men compared to those
with normal androgen levels."™"*"" Progressive hyperpla-
sia and hypertrophy of the tunica intima is known to
result in vascular stenosis. This may compromise vascu-
lar supply to important organs such as brain and heart
affected by atherosclerosis making them more vulnerable
to ischemic insults.”"’ This may explain the higher inci-
dences of stroke,”” myocardial infarction® as well as
ischemic lower limb amputations”” among hypogonadal
men.

The current study was limited by the fact that castra-
tion is a surgical procedure that causes tissue injury.
Therefore, some of the changes observed in this study
may have been due to reactive processes to tissue injury.
This was delimited by the fact that the surgical proce-
dure was carried out in the scrotum and did not tamper
with the common carotid arteries located in the neck.
Also, based on the fact that the changes observed in this
study were proportional to the duration of androgen
deficiency, they are most likely to be due to gonadal hor-
mone deficiency rather than surgical trauma.

Conclusion

Androgen deprivation by surgical castration induces a
progressive increase in the c-IMT. This may constitute an
anatomical basis for the higher predisposition of hypogo-
nadal males to cardiovascular diseases.

Acknowledgements

The authors would like to acknowledge the Department
of Human Anatomy, University of Nairobi for their sup-
port.

References

1. Liviakis L, Pogue B, Paramsothy P, Bourne A, Gill EA. Carotid inti-
ma-media thickness for the practicing lipidologist. ] Clin Lipidol
2010;4:24-35.

2. Kasliwal RR, Bansal M, Desai D, Sharma M. Carotid intima—media
thickness: current evidence, practices, and Indian experience. Indian
J Endocrinol Metab 2014;18:13-22.

3. Provost EB, Madhloum N, Panis LI, De Boever P, Nawrot TS.
Carotid intima-media thickness, a marker of subclinical atheroscle-
rosis, and particulate air pollution exposure: the meta-analytical evi-
dence. PloS One 2015;10:¢0127014.

4. Holland Z, Ntyintyane L, Gill G, Raal F. Carotid intima—media
thickness is a predictor of coronary artery disease in South African
black patients. Cardiovasc J Africa 2009;20:237-8.

5. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction
of clinical cardiovascular events with carotid intima-media thickness:
a systematic review and meta-analysis. Circulation 2007;115:459-67.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

69

Hurst RT, Ng DW, Kendall C, Khandheria B. Clinical use of
carotid intima-media thickness: review of the literature. ] Am Soc
Echocardiogr 2007;20:907-14.

Peters SA, den Ruijter HM, Grobbee DE, Bots ML. Results from a
carotid intima-media thickness trial as a decision tool for launching a
large-scale morbidity and mortality trial. Circ Cardiovasc Imaging
2013;6:20-5.

Bots ML. Carotid intima-media thickness as a surrogate marker for

cardiovascular disease in intervention studies. Curr Med Res Opin
2006;22:2181-90.

Alexandersen P, Haarbo J, Byrjalsen I, Lawaetz H, Christiansen C.
Natural androgens inhibit male atherosclerosis: a study in castrated,
cholesterol-fed rabbits. Circ Res 1999;84:813-9.

McGrath KC, McRobb LS, Heather AK. Androgen therapy and
atherosclerotic cardiovascular disease. Vasc Health Risk Manag
2008;4:11-21.

Maravelias C, Dona A, Stefanidou M, Spiliopoulou C. Adverse
effects of anabolic steroids in athletes. A constant threat. Toxicol
Lett 2005;158:167-75.

Luque-Ramirez M, Mendieta-Azcona C, Alvarez-Blasco F, Escobar-
Morreale HF. Androgen excess is associated with the increased
carotid intima-media thickness observed in young women with poly-
cystic ovary syndrome. Hum Reprod 2007;22:3197-203.

Allameh Z, Rouholamin S, Adibi A, Mehdipour M, Adeli M. Does
carotid intima-media thickness have relationship with polycystic
ovary syndrome? Int ] Prev Med 2013;4:1266-70.

Kim MS, Dao-Tran A, Davidowitz E, Tseng T, Gilsanz V, Ryabets-
Lienhard A, Nguyen E, Geffner ME. Carotid intima-media thick-
ness is associated with increased androgens in adolescents and young
adults with classical congenital adrenal hyperplasia. Horm Res
Paediatr 2016;85:242-9.

Haring R, Baumeister SE, Volzke H, Dérr M, Felix SB, Kroemer
HK, Nauck M, Wallaschofski H. Prospective association of low total
testosterone concentrations with an adverse lipid profile and
increased incident dyslipidemia. Eur J Cardiovasc Prev Rehabil
2011;18:86-96.

Fahed AC, Gholmieh JM, Azar ST. Connecting the lines between
hypogonadism and atherosclerosis. Int J Endocrinol 2012;2012:
793953.

Soisson V, Brailly-Tabard S, Empana JP, Féart C, Ryan J, Bertrand
M, Guiochon-Mantel A, Scarabin PY. Low plasma testosterone and
elevated carotid intima-media thickness: importance of low-grade
inflammation in elderly men. Atherosclerosis 2012;223:244-9.

Martin-Merino E, Johansson S, Morris T, Garcia Rodriguez LA.
Androgen deprivation therapy and the risk of coronary heart disease
and heart failure in patients with prostate cancer. Drug Saf
2011;34:1061-77.

Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N, Luben
R, Welch A, Day N. Endogenous testosterone and mortality due to
all causes, cardiovascular disease, and cancer in men: European
prospective investigation into cancer in Norfolk (EPIC-Norfolk)
Prospective Population Study. Circulation 2007;116:2694-701.

Menke A, Guallar E, Rohrmann S, Nelson WG, Rifai N, Kanarek
N, Feinleib M, Michos ED, Dobs A, Platz EA. Sex steroid hormone
concentrations and risk of death in US men. Am J Epidemiol
2010;171:583-92.

Karakitsos D, Patrianakos AP, De Groot E, Boletis J, Karabinis A,
Kyriazis J, Samonis G, Parthenakis FI, Vardas PE, Daphnis E.

Anatomy « Volume 12 / Issue 2 / August 2018



70

22.

23.

24.

25.

26.

27.

28.

Cheruiyot I et al.

Androgen deficiency and endothelial dysfunction in men with end-
stage kidney disease receiving maintenance hemodialysis. Am J
Nephrol 2006;26:536-43.

Kumar N, Swamy R, Patil ], Guru A, Aithal A, Shetty P. Presence of
arteriovenous communication between left testicular vessels and its
clinical significance. Case Rep Vasc Med 2014;2014:160824.

Christe N, Meier CA. Hypotestosteronaemia in the aging male:
should we treat it? Swiss Med Wkly 2015;145:w14216.

Muller M, van den Beld AW, Bots ML, Grobbee DE, Lamberts SW,
van der Schouw YT. Endogenous sex hormones and progression of
carotid atherosclerosis in elderly men. Circulation 2004;109:2074-9.

Farias JM, Tinetti M, Khoury M, Umpierrez GE. Low testosterone
concentration and atherosclerotic disease markers in male patients
with type 2 diabetes. J Clin Endocrinol Metabol 2014;99:4698-703.

Chan YX, Knuiman MW, Hung J, Divitini ML, Handelsman D],
Beilby JP, McQuillan B, Yeap BB. Testosterone, dihydrotestos-
terone and estradiol are differentially associated with carotid intima-
media thickness and the presence of carotid plaque in men with and
without coronary artery disease. Endocr J 2015;62:777-86.

Gilliver SC, Ashworth JJ, Mills SJ, Hardman M]J, Ashcroft GS.
Androgens modulate the inflammatory response during acute wound
healing. J Cell Sci 2006;119:722-32.

Shiota M, Song Y, Takeuchi A, Yokomizo A, Kashiwagi E, Kuroiwa
K, Tatsugami K, Uchiumi T, Oda Y, Naito S. Antioxidant therapy

Online available at:
WWw.anatomy.org.tr
doi:10.2399/ana.18.036
QR code:

deomed. [

29.

30.

31.

32.

33.

34.

alleviates oxidative stress by androgen deprivation and prevents con-
version from androgen dependent to castration resistant prostate
cancer. J Urol 2012;187:707-14.

Patel SD, Waltham M, Wadoodi A, Burnand KG, Smith A. The role
of endothelial cells and their progenitors in intimal hyperplasia.
Therap Adv Cardiovasc Dis 2010;4:129-41.

Sadasivam K, Nagarajan P, Durai I, Sundari M, Ayyavoo S,
Ramamoorthy T. Carotid artery intima-media thickness in young
adults with family history of coronary artery disease. J Clin Diagn
Res 2015;9:CC01-4.

Ellul J, Talelli P, Terzis G, Chrysanthopoulou A, Gioldasis G,
Papapetropoulos T. Is the common carotid artery intima—media
thickness associated with functional outcome after acute ischaemic
stroke? ] Neurol Neurosurg Psychiatry 2004;75:1197-9.

Yeap BB, Hyde Z, Almeida OP, Norman PE, Chubb SA, Jamrozik
K, Flicker L, Hankey GJ. Lower testosterone levels predict incident
stroke and transient ischemic attack in older men. J Clin Endocrinol
Metab 2009;94:2353-9.

Oskui PM, French W], Herring MJ, Mayeda GS, Burstein S, Kloner
RA. Testosterone and the cardiovascular system: a comprehensive
review of the clinical literature. ] Am Heart Assoc 2013;2:¢000272.

Kalinchenko S, Zemlyanoy A, Gooren L]. Improvement of the dia-
betic foot upon testosterone administration to hypogonadal men
with peripheral arterial disease. Report of three cases. Cardiovasc
Diabetol 2009;8:19.

Correspondence to: Isaac Cheruiyot, BSc Anat (Hons)
Department of Human Anatomy, University of Nairobi,
P.O. Box 30197-00100, Nairobi, Kenya

Phone: +254 721 353 833

e-mail: isaacbmn@outlook.com

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-
ND3.0) Licence (http://creativecommons.org/licenses/by-nc-nd/3.0/) which permits unrestricted noncommerecial use, distribution, and reproduction in any
medium, provided the original work is properly cited. Please cite this article as: Cheruiyot I, Olabu B, Kamau M, Ongeti K, Mandela P. Castration induces
progressive increase in the carotid intima-medial thickness of the male rat. Anatomy 2018;12(2):65-70.

Anatomy « Volume 12 / Issue 2 / August 2018



