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Introduction
Diabetes mellitus is a group of common metabolic disor-
ders that is characterized by hyperglycemia and insufficien-
cy in production or action of insulin.[1] Hyperglycemia is
believed to be associated with increased free radicals and
cellular oxidative stress, which initiates cellular injury lead-
ing to diabetic complications including retinopathy, neu-
ropathy, nephropathy and coronary artery diseases.[2]

Hyperglycemia followed by high neuronal glucose levels
leads to glucose neurotoxicity,[3] and prolonged high intra-
cellular glucose in neurons leads to a variety of functional
and structural disorders in various region of nervous sys-
tem.[4] Due to high cytosolic oxidative stress, both sympa-
thetic and parasympathetic neurons may be more suscepti-

ble to pathological changes of oxidative stress like those in
diabetes.[5] Oxidative stress followed by mitochondrial dys-
function initiates neuronal apoptosis[6] and is a major medi-
ator of neurodegeneration in diabetes.[7] Autonomic dys-
function affects normal functioning of the cardiovascular,
respiratory, gastrointestinal, genitourinary, thermoregula-
tory, and neuroendocrine systems.[8]

Autonomic ganglia serve as the final output of discrete
CNS structures that control the function of the periph-
ery.[5] The pterygopalatine ganglion (PtG) is the largest
parasympathetic ganglion located in the pterygopalatine
fossa and is functionally attached to the facial nerve.
Sensory fibers from the maxillary branch of trigeminal
nerve and sympathetic fibers pass through ganglia, but do
not synapse in them.[9] The coeliac ganglia (ClG) are a
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Abstract

Objectives: One of the common clinical observations regarding long-standing hyperglycemia is autonomic neuropathy,
probably due to its unfavorable destructive effects on the neurons of the autonomic ganglia. Accordingly, the current study
was aimed to analyze the effect of experimental hyperglycemia on parasympathetic pterygopalatine ganglion (PtG) and sym-
pathetic coeliac ganglion (ClG) of albino rats. 

Methods: Thirty-six albino rats were divided into six groups (n=6, each) and were designated as control, two weeks, one
month, two months, four months and six months groups. Diabetes was induced with a single dose of streptozotocin (STZ,
60 mg/kg, i.p.). Body weight and blood sugar were monitored at biweekly intervals. At the end of each experimental peri-
od, animals were euthanized by deep ether anesthesia and blood samples were collected by direct puncture of heart for bio-
chemical analysis. Animals were perfused with Karnovsky fixative. After 48 hours, tissue samples were collected and
processed for light microscopy. 

Results: Biochemical analysis of serum revealed increased serum creatinine and reduced serum total protein. Histopathology
and histomorphometry of ganglia revealed that the progressively increasing duration of hyperglycemia was associated with
decreased proportion of small-sized neurons, increased proportion of large-sized neurons, dark and dead neurons, and thick-
ening of capsular and endoneurial collagen. 

Conclusion: The association of the long-standing hyperglycemia with increased neuronal death, altered proportion of neu-
rons and deposition of collagen fibers in autonomic ganglia appear to be important contributing factors likely to be respon-
sible for diabetic autonomic neuropathy. 
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well-defined prevertebral sympathetic ganglia located on
the sides of the coeliac trunk having a varying number of
neurons with extensive dendritic fields.[10] ClG receive con-
vergent synaptic input from spinal preganglionic neurons
and peripheral intestinofugal neurons projecting from the
gut.[11] Related studies[12,13] found changes in neurons and
alteration of myelinated and unmyelinated nerve fibers and
collagen without using any special stain. Therefore, the
present study aimed at demonstrating these and possibly
other changes in the arrangement of collagen fibers and
neuronal structure by using special stainings for collagen,
picrosirius red (PSR) and cresyl violet (CV) stainings
together with histopathological, histomorphological and
biochemical parameters, in experimentally induced diabet-
ic rats after two weeks to six months periods. 

Materials and Methods
After approval from Institutional Animal Ethics
Committee (No: 9025/2014), 36 albino rats of either sex
weighing approximately 250 g were obtained from cen-
tral animal house, Aligarh Muslim University, Aligarh
were used for the present study. Prior to commencement
of the experiments, all animals were placed to the new
environmental condition for a period of one week.
Animals were kept in a well-ventilated room and were
supplied standard pellet diet and water ad libitum and
maintained on a 12/12 h light/dark cycle.

Animals were divided into following six groups having
six rats in each group: Group 1: non-diabetic healthy
control, age-matched; diabetic experimental groups:
Group 2: two week, Group 3: one month; Group 4: two
months; Group 5: four months; Group 6: six months.

The experimental diabetic model was induced using
streptozotocin (STZ) (60 mg/kg, aquous sol., I.P., only
once; SRL-Sisco Research Laboratories, Mumbai, India)
after 12 hours of fasting. Blood sugar level was moni-
tored with a glucometer from the blood obtained from
the lateral tail vein before and on the 2nd day of strepto-
zotocin injection. Animals with blood sugar level 250
mg/dl and above were considered as diabetic. Both body
weight and blood glucose levels of all animals in each
group were monitored biweekly.[14]

After the designated period, all experimental and age-
matched control rats were euthanized with overdose of
ether general anesthesia, and the rats were perfusion-
fixed with Karnovsky’s fixative.

PtGs were carefully dissected out from the ptery-
gopalatine fossa along with the maxillary branch of the
trigeminal ganglion and the ClG from either sides of the
celiac trunk were secured en bloc. Both tissues were

processed for paraffin embedding. 5 μm thick sections
were stained with Hematoxyline and Eosin (H&E), cresyl
CV and PSR. Only H&E and CV stained sections were
used for measuring the neuronal diameter. Random pho-
tomicrographs were recorded under ×400 magnification
of trinocular microscope (Olympus, BX40, Tokyo, Japan)
by digital camera (Sony 18.2 MP, Tokyo, Japan) and
measurements were made by using software Motic Images
Plus version 2.0 (Motic, Kowloon, Hong Kong)[14]

Sufficient numbers of random images from both sides of
PtG and ClG were taken in order to get 1000 neurons
having a clear nucleus with one or more nucleoli to be
used for the histomorphometry. Based on their diameter,
neurons were divided into small (<20 μm), medium (20–30
μm) and large sized (>30 μm). Proportions of different size
of neurons in randomly selected 1000 neurons were cal-
culated in each group. The neurons were also identified as
dark or light on the basis of their morphology and stain-
ing characteristics of cell body and nucleus with visible
nucleolus.

Blood glucose levels were measured from the lateral
tail vein blood at biweekly intervals with a glucometer.
At the end of each study period, blood samples were
obtained from direct puncture of heart and collected into
sterilized plastic vials. Samples were allowed to clot, cen-
trifuged at 2500 rpm for 30 minutes. The serum was sep-
arated and stored in sterile plastic vials and assayed for
serum total protein content and serum creatinine level
by using Avantor BeneSpheraTM Clinical Chemistry
Analyzer C61 (Avantor Performance Materials, Inc.,
Center Valley, PA, USA).

The number of neurons, serum total protein and
serum creatinine levels were statistically analyzed using
one-way ANOVA followed by Tukey’s test. All numeri-
cal values were expressed as Mean±SD and p<005 was
considered as statistically significant. 

Results
Consistent with the known effects of induced hyper-
glycemia, the STZ-treated rats displayed classical clinical
symptoms of diabetes such as polydipsia, polyuria and
polyphagia. The mean body weights of all diabetic
groups were reduced compared to the control group
during experimental period as reported earlier.[14] The
changes observed between 2W diabetic and age-matched
control group were statistically not significant (>0.05),
but they were significantly (p<0.05) reduced at all stages
of the induced diabetes compared to age-matched con-
trols. Rise of blood sugar level was observed above 500
mg/dl after 48 hours of induction in diabetic groups
which remained so throughout experimental period.
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After 2W, a significant difference (p<0.01) was observed
when comparison was made between 2W, 1M, 2M, 4M,
and 6M diabetic rats to age-matched controls and corre-
sponding diabetic group rats, respectively (Table 1). 

Microscopic observations

The PtG was located in the pterygopalatine fossa closely
related with maxillary division of trigeminal nerve.
Neurons in PtG were closely packed with homogenous
distribution. Most neurons appeared round to oval in
shape and almost all neurons were in the range of small to
medium size with cell body diameter of 15 to 30 Ìm. Each
neuron was surrounded by a thin capsule of small satellite
cells with delicate connective tissue and unmyelinated
nerve fibers between them. Fibrocytes and occasional
intraganglionic blood capillaries were also noticed. Each
ganglion had its own protective connective tissue capsule.
Neuronal cell bodies were characterized by oval large
euchromatic nuclei. In control, 2W and 1M diabetic
groups, Nissl substance was coarser and sparse in the
perikaryal area. However in 2M, 4M and 6M diabetic
groups, most of the parasympathetic neurons had periph-
eral condensed rim of Nissl substance. Most of the litera-
ture suggest that nuclei of a sensory ganglion neurons are
located centrally[14] and those in the autonomic ganglia are
located eccentrically.[15] However, in the current study, we
observed that the nucleus appeared to be located centrally
in most of the PtG neurons. Similarly, the common text
book description is that the autonomic ganglion neurons
are multipolar,[15] but in the present study quite many of
the neurons in both PtG and ClG had appearance very
much similar to typical sensory ganglion neurons.
Interestingly, all nuclei had a single and large densely
stained eccentrically placed nucleolus. (Figures 1 and 2).
Collagen fibers were observed in the perineuronal capsule.
The unmyelinated nerve fibers and connective tissue fibers
were also seen between the neurons. The control and 2W
diabetic groups were associated with fewer collagen fibers
around the neurons and along the nerve fibers, but in
other groups progressively thickened collagen fibers in the

periganglionic capsule, perineuronal capsule and also
along the nerve bundles were noticed. Perineuronal spaces
were commonly noticed in 1M, 2M, 4M, and 6M diabetic
groups (Figure 3).

In cresyl violet-stained sections of the celiac ganglion,
both control and diabetic groups showed the same basic
cellular architecture, consisting of a moderately dense
arrangement of sympathetic neurons separated by bundles
of unmyelinated nerve fibers and surrounded by well-
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Figure 1. (a–d) Photomicrographs from rat autonomic ganglia showing
neuron having peripheral ring (↑↑↑↑), eccentric nucleus (↑↑), eccentric nucle-
olus (»»), dark neuron (→→) and fibrocytes (**) (Cresyl violet stain, ×400). Inset
showing moderate yellow fluorescence in perikarya occupied by fine Nissl
granules (←←) and no fluorescence in the peripheral rim (∧∧∧∧) (PSR stain,
×1000). [Color figure can be viewed in the online issue, which is available
at www.anatomy.org.tr]

a b

c d

Parameter Group 2W 1M 2M 4M 6M

Serum total protein (g/dl) Control 5.97±0.04* 5.95±0.05* 5.99±0.03* 6.01±0.01* 5.98±0.05*

Diabetic 5.23±0.01 5.12±0.03 5.00±0.07 4.05±0.03 3.96±0.04

Serum creatinine (mg/dl) Control 0.43±0.02 0.42±0.06* 0.45±0.05* 0.44±0.07* 0.43±0.04*

Diabetic 0.45±0.07 0.63±0.08 0.78±0.03 0.93±0.09 1.06±0.05

*p<0.05

Table 1
Serum total protein and creatinine levels in diabetic groups compared to age-matched controls.



defined collagen fibers around the neurons and along the
nerve fibers and ganglionic capsule. Most of the neuronal
cell bodies inside the ClG had eccentrically placed, large,
euchromatic nuclei having deeply stained nucleoli
(Figures 1–3) which were also located eccentrically. Fine
Nissl granules were distributed uniformly throughout the
cytoplasm. Lipofuscin pigments were not obviously seen
in both control and experimental groups. All ganglion
neurons in the control group were covered by thin sheath
of fewer sparsely located satellite glial cells. In prolonged
diabetic groups, the satellite cells were less organized as
compared to age-matched control groups (Figures 1 and
2). Though collagen fibers were present in variable
amounts in the perineuronal capsules, nerve fascicles and
periganglionic capsules. The overall amount of collagen
and thickness of their fibers revealed direct correlation
with the increasing duration of hyperglycemic state as
compared to the age-matched controls. Perineuronal
spaces were found in the 6M diabetic group.
Intraganglionic blood capillaries were more often seen
close to the neurons in diabetic groups (Figure 4). The
2W diabetic group revealed two medium sized neurons
housed within the same perineuronal sheath as suggested
by the absence of satellite cells and fibrous capsule
between them (Figure 4). 
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Figure 2. (a–d) Photomicrographs from rat autonomic ganglia showing
eccentric nucleoli (↑↑) blood capillaries (**), dark neuron (»»), dead neuron
(↓↓) and perineuronal space (*). Yellow arrow showing organized two
ClG neurons enclosed in common perineuronal sheath and glial satellite
cells. Connective tissue sheath is not visible between two cells. Green
colored arrow showing ClG neuronal nucleus having three nucleoli (H&E
stain, ×1000). [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]

a b

c d

Figure 3. (a–f) Photomicrographs from rat PtG showing non-myelinated nerve fibers (↑↑↑↑), blood capillaries (↑↑), and perineuronal space (**). Note the
prominence of collagen fibers (red colour) in 1M, 2M, 4M and 6M diabetic group (PSR with LFB stain, ×400). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

a b c

d e f



Histomorphometry

In the PtG, the proportion of small sized neurons among
1000 neurons was significantly (p<0.05) decreased in 2M,
4M and 6M groups and the proportions of medium sized
neurons were significantly (p<0.05) increased in 2M, 4M
and 6M diabetic groups as compared to the age-matched
control groups (Figure 5). 

In 1000 neurons of the ClG of all diabetic groups, the
proportion of small sized neurons were significantly
(p<0.05) decreased. However, in the 2W diabetic group
such decrement remained statistically non-significant as

compared to the age-matched control group. In ClG of
1M, 2M, 4M and 6M diabetic groups, the proportion of
medium and large sized neurons were significantly
(p<0.05) increased as compared to the age-matched con-
trol group. In the 2W diabetic group, the proportions of
the total number of medium and large sized neurons
were less compared to the age-matched control group,
but not at a statistically significant level (Figure 6).

Biochemical analysis

In all diabetic groups, the serum total protein levels were
significantly (p<0.05) decreased compared to age-matched
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Figure 4. (a–f) Photomicrographs from rat ClG showing non-myelinated nerve fibers (↑↑↑↑), blood capillaries (↑↑), and  perineu-
ronal space (**). Note the prominence of collagen fibers (red colour) in 2M, 4M and 6M diabetic groups (PSR with LFB stain,
x1000).  [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

a b c

d e f



control groups, while serum creatinine levels were signif-
icantly (p<0.05) increased in all diabetic groups except
2W, as compared to age-matched control groups. In 2W

diabetic group, the serum creatinine levels were less com-
pared to the age-matched control group, but not at signif-
icant level (p>0.05) (Table 1).
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Figure 5. The proportion of small sized neurons was significantly (p<0.05) reduced in all diabetic groups, while that of medium sized neurons signifi-
cantly (p<0.05) increased in all diabetic groups except 2W and 1M compared to age-matched control groups.

Figure 6. The proportion of small sized neurons in ClG was significantly (p<0.05) reduced in all diabetic groups except 2W group, while the total num-
ber of the medium and large sized neurons significantly (p<0.05) increased in all diabetic groups except 2W compared to age-matched control groups.



Discussion 
Diabetes mellitus is a group of metabolic disorders of car-
bohydrate, fat and protein metabolism characterized by
low grade inflammatory metabolic disorder[16,17] in which a
person has high blood sugar, either characterized by insuf-
ficient amounts of insulin or because cells do not respond
to the insulin that is produced, which leads to hyper-
glycemia.[18] Reduced anabolic insulin hormone in DM,
promotes protein catabolism and releasing amino acids for
gluconeogenesis[19] which leads to increased muscle wast-
ing due to loss of tissue proteins and reduction of body
weight.[20] In the current study, all diabetic groups main-
tained the hyperglycemic state throughout the experimen-
tal period and showed progressive reduction in body
weight in the STZ-induced rats, reflecting an increase in
protein catabolism and loss of tissue proteins. This result
is in agreement with previous related studies.[21–23]

In this study, structure of both sympathetic and
parasympathetic autonomic ganglia and orientation of
nerve fibers in both control and experimental groups
were, in general, found to be similar to those reported ear-
lier.[10,24–26] Each neuron in ClG is anatomically and func-
tionally independent. In the present study, a couple of
neurons appeared to share a common sheath formed by
satellite glial cells and the interneuronal sheath connective
tissue was not visible. Significance of such intimate associ-
ation between certain neurons remains unclear. On one
hand, absence of the interneuronal sheath element makes
its appearance very akin to a binucleate neuron; similar
findings were observed in another study on the trigeminal
ganglion.[27]

The present study demonstrates a concomitant
increase in the thickness of collagen fibers located in the
capsule of the ganglia, perineuronal capsule and interfas-
cicular region of PtG and ClG. Previous studies showed
progression of fibrosis in a diabetic heart by PKC-β, p38
mitogen activated protein kinase expression in redox reac-
tion,[28] and AGE and RAGE interaction increased expres-
sion of TGF-β and contributed to the development of
submesothelial fibrosis and neoangiogenesis.[29] In the cur-
rent study, in PSR and CV stained sections, control and
2W diabetic groups of PtG, and control, 2W, and 1M dia-
betic groups of ClG revealed thin collagen fibers around
the neurons and along the nerve bundles; however, in 1M
and 2M diabetic groups of PtG and in the 2M diabetic
group of ClG, the collagen fibers were of moderate thick-
ness. However, in 4M and 6M diabetic groups, both PtG
and ClG revealed a remarkable thickening of collagen in
the capsule of the ClG ganglia, perineuronal capsule,
interfascicular region, and endoneurium. Comparison of

these with previous observations reported earlier[14,30] indi-
cate that hyperglycemia seems to accelerate fibrosis in
terms of the amount and thickness of collagen fibers. In
earlier studies on sensory ganglia, the perineuronal spaces
in some of the neurons were suggested to be due to either
shrinkage or apoptosis of neurons with the progression of
hyperglycemia.[14,30] In the present study, similar observa-
tions were found in 1M, 2M, 4M and 6M diabetic groups
of PtG and 6M diabetic group of ClG.

The dark neurons are also considered as apoptotic type
neurons or a type of cell degeneration with hyperelectron
density properties and hyperbasophilia.[31–33] Many
researchers consider neuronal cell death mainly due to
apoptotic changes.[34] In the present study, it was observed
that, on the progression of the duration of hyperglycemic
state in both PtG and ClG, the number of dark neurons
increased in agreement with earlier studies showing that
hyperglycemia and increased free radical generation in
diabetes accelerated the formation of dark neurons.[31] The
number of neurons with a distinct peripheral rim of Nissl
substance also seems to increase with the duration of
hyperglycemia which may be secondary to chromatolytic
changes.[35,36]

It is generally accepted that the PtG contains both
vasomotor and secretomotor neurons[37] and that they are
independent of each other.[38] In the present study, were
observed both small and medium sized neurons in control
and experimental groups. In another study on the otic
ganglion of the cat, small and large sized neurons were
described as vasomotor and secretomotor, mainly
involved with blood vessel vasomotor activity and glandu-
lar secretion of the salivary gland.[39] In our study, there is
evidence for a minor change in neuronal proportion in the
parasympathetic ganglia of diabetic rats. The proportion
of small sized neurons in PtG significantly (p<0.05)
decreased in all diabetic groups. Therefore, these findings
indicate that in diabetes the isolated asymptomatic pro-
gressive involvement of lacrimal secretion in progression
of hyperglycemia. The impaired tear secretion in pro-
longed hyperglycemic state which is commonly believed
to be due to age-dependent decline in glandular function
and excessive fibrosis[40,41] may also be partly attributed to
the loss of small sized neurons of PtG observed in the
present study.

ClG is the part of sympathetic ganglia located near
the celiac trunk, a complex relay and integrative center
for projections from the parasympathetic, sensory, spinal
cord-derived motor, and retrograde intestinofugal
sources.[42] Most neurons are noradrenergic and supply
the stomach, spleen, pancreas, small intestine and mesen-
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teric blood vessels.[43] In the current study, we identified
small, medium and large sized neurons. Such neuronal
population has earlier been functionally divided into pilo-
motor, vasomotor and secretomotor neurons.[44] In our
study, there is evidence for a minor change in neuronal
proportion in the ClG. It was noticed that the proportion
of small sized neurons in ClG were significantly (p<0.05)
decreased, however medium and large sized neuron were
significantly (p<0.05) increased in 1M, 2M, 4M and 6M
diabetic groups. Therefore, these findings indicate that
diabetes leads to progressive dysregulation of the sympa-
thetic control of motility in the stomach and small intes-
tine, and of fluid exchange in the small intestine with pro-
gression of hyperglycemia probably due to altered func-
tion and or loss different neurons along with age-depend-
ent decline in glandular function and excessive fibro-
sis.[41,45]

In the present study, dead neurons were easily differ-
entiated due to their dark staining characteristics as com-
pared to normal neurons in the control group. In 4M and
6M diabetic groups, the neurons with dark nuclei
appeared shrunken, nuclear membranes became less dis-
tinct and nucleoplasm no more remained open-faced as
similar to described earlier.[46] However, with the progres-
sion of hyperglycemic state in diabetic groups, the num-
ber of dead neurons increased in agreement with an earli-
er study,[46] suggesting diabetes enhances neuronal death.

Lipofuscin pigment (senile pigment) is described to be
one of the typical features of the sympathetic ganglia and
can be shown described by H&E stain.[15] In our present
study, lipofuscin pigment could neither be located in the
control nor in any experimental groups after using with
different stains. Certain literature suggest that lipofuscin
pigment shows auto- fluorescent property with blue
light.[47] Diabetes is said to accelerate accumulation of flu-
orescent granules in sensory[48] and sympathetic neurons[49]

which could not be confirmed in the present study.
However, the perikarya of ClG neurons showed a low-
grade yellow fluorescence in the region occupied by fine
Nissl substance (Figure 1).

In this study, it has been shown that, as shown earlier,
abnormally high levels of serum creatinine are consistent
with impaired kidney function[50] and the serum creatinine
level increased in all diabetic groups parallel to the severi-
ty of hyperglycemia, but the serum total protein levels
were reduced and altered in serum total protein relating
the hyperglycemia to a low grade inflammatory process.[51]

Similar findings have been shown in the other related
studies.[52,53]

Conclusion
Based on histopathological, histomorphological and bio-
chemical findings, it is concluded that prolonged hyper-
glycemic state leads to increased serum creatinine level,
reduced serum total protein and proportion of small
sized neurons, increase in dark and dead neurons and
thickening of collagen fibers in autonomic ganglia.
Therefore, it appears that one of the important contrib-
utory factors in development of autonomic neuropathy
in chronic diabetes might be the hyperglycemia-induced
neuronal cytotoxicity and altered perineuronal microen-
vironment in terms of increased fibrosis within the auto-
nomic ganglia. 
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Introduction
The groove for vertebral atery (sulcus arteriae vertebralis)
is located on the first cervical vertebra (atlas, C1) where the
vertebral artery passes over the posterior arch of atlas to
reach the foramen magnum. A bony bridge between the
posterior of the superior articular process and the postero-
lateral of the posterior arch of the atlas is a common varia-
tion that can be detected by radiographic images. This
bony process encircles the groove for vertebral artery and
the first cervical nerve partially or completely.  It is known
by numerous names such as ponticulus posticus (little pos-
terior bridge, PP), Kimmerle’s anomaly and Kimmerle’s
variant (Figure 1); PP is the most commonly used termi-

nology. If PP exists, the sulcus can become a foramen
which is known as arcuate foramen, foramen arcuale
atlantis, sagittal foramen, retroarticular canal, retroarticu-
lar vertebral ring, atlantal posterior foramen or the upper
retroarticular foramen.[1-7] The causes of the PP remain
debated, but it has been proposed to be linked to either an
ossification of the posterior atlantooccipital ligament or a
congenital anomaly. However, it is usually regarded as a
simple variation of the atlas which is usually ignored by the
physician.[8–11] We may observe the PP in patients who do
not have any evidence of a symptom in the craniocervical
region. However, recent studies have suggested otherwise.
The compression of nervous and vascular structures pass-
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ing through the foramen may cause many symptoms like
vertebrobasilar insufficiency, cervical migraine, neuro-sen-
sory type hearing loss, vertigo and arm/shoulder pain. It
may cause dissections of the neurovascular structures or
could also be asymptomatic.[3,5,12–14] Nowadays, there has
been an increase in the number of patients undergoing C1
lateral mass screw (C1LMS) operation.[1,3,5–7,10,13,15–18] If the
patient suffers from PP, the placement of the screw could
be difficult during these operations.[19] Due to this clinical
condition, it’s important to understand the anatomy of the
craniocervical region. PP is a common variation of this
region and its presence must be carefully evaluated espe-
cially before the surgeries. This study aims to determine
and analyze the existence of PP and correlate the dimen-
sions of the vertebral artery with its prevalence. 

Materials and Methods
We conducted a retrospective study using head and neck
CT angiographies of 347 patients (694 bilaterally)
admitted to the Department of Radiology in Hacettepe
University School of Medicine for stroke and vascular
problems between January 2010 and December 2015.
Radiological images used in research were with patient
consent with records kept in the Radiology Department
of Hacettepe University Hospital. Head and neck CT
angiography imaging was performed using a 64-slice
Dual Source CT Scanner (Siemens Medical Systems,

Erlangen, Germany). We evaluated axial unprocessed
and also sagittal and coronal reformatted images with 1
mm slice thickness. The images were evaluated for inci-
dence, laterality, age and gender effect on the incidence
of complete PP. The measurements for the dimensions
of arcuate foramen and the vertebral artery were also
conducted (Figure 2). For descriptive purposes, we
divided the study groups into young (<40 years), old (>40
years), male and female. We also evaluated the groove
for the vertebral artery according to the laterality (left-
right and bilateral) and the degree of concavity of the
groove for vertebral artery (scored between 0–4; 0: no
PP; 1, 2, 3: incomplete PP presence; 4: complete PP
presence) (Tables 1 and 2). The diameters of the verte-
bral artery were measured before the groove (defined as
pre-sulcus), inside the groove (defined as in-sulcus) and
after leaving the groove (defined as post-sulcus) (Figure
2). Image analysis and measurements were conducted
using the PACS integrated ‘centricity universal viewer-
version 6’ (GE Healthcare, Chicago, IL, USA). Once the
measurements were completed, group comparisons were
conducted using the paired samples t-test with
Bonferroni correction. Correlations were statistically
evaluated using the ‘multivariate analysis of variance
(MANOVA) test’ using SPSS 15 (IBM Corporation,
New York, NY, USA). Statistical significance was set at
a p value less than 0.05. 
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Left (mean) Right (mean)

Female Male Female Male

Degree of PP <40 y >40 y <40 y >40 y Total <40 y >40 y <40 y >40 y Total

0 27 (33.75%) 34 (34.34%) 43 (54.43%) 21 (23.60%) 125 (36%) 26 (32.50%) 43 (43.43%) 38 (48.10%) 26 (29.21%) 133 (38.3%)

1 23 (28.75%) 33 (33.33%) 18 (22.78%) 31 (34.83%) 105 (30.3%) 22 (27.50%) 30 (30.30%) 17 (21.52%) 30 (33.71%) 99 (28.5%)

2 17 (21.25%) 12 (12.12%) 6 (7.59%) 16 (17.98%) 51 (14.7%) 17 (21.25%) 7 (7.07%) 7 (8.86%) 15 (16.85%) 46 (13.3%)

3 10 (12.50%) 7 (7.07%) 0 (0.00%) 4 (4.49%) 21 (6%) 9 (11.25%) 7 (7.07%) 8 (10.13%) 6 (6.74%) 30 (8.7%)

4 3 (3.75%) 13 (13.13%) 12 (15.19%) 17 (19.10%) 45 (13%) 6 (7.5%) 12 (12.12%) 9 (11.39%) 12 (13.48%) 39 (11.2%)

Table 1
Distribution of the patients according to the degree of the PP, gender, age and laterality. 

Left Right

Gender Pre-sulcus In-sulcus Post-sulcus Pre-sulcus In-sulcus Post-sulcus

Female (n=178) 0.25±0.07 0.27±0.07 0.25±0.08 0.25±0.07 0.26±0.07 0.26±0.08

Male (n=165) 0.31±0.08 0.29±0.08 0.29±0.08 0.31±0.07 0.28±0.08 0.29±0.08

Table 2
Diameters of the vertebral artery around the sulcus (mean±SD, mm). 
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Results
The study group composed of 165 males and 178
females with a mean age of 49±19 (range: 14 to 87). We
identified 84 patients with complete PP (Degree 4)
which resulted in a prevalence of 12.1%. Of these, 6.3%
were bilateral; which constituted 27.38% of the com-
plete PPs. The analysis of the left side of the PP revealed
that 13% were complete (Degree 4) and 51% were
incomplete (Degree 1, 2, 3). As shown in Table 1, eval-
uations of patients’ right side resulted with 11.2% with a
complete PP and 50.5% with an incomplete PP.
Furthermore, our results suggested that the amount of

complete PP did not substantially vary based on gender
(p<0.383) or laterality (p<0.846). 

The mean area of the arcuate foramen was 8.5 mm2

on the left side and 7 mm2 on the right side.  We meas-
ured the diameter of the vertebral artery prior to entry
into the groove, within the groove, and immediately
after leaving the groove (Figure 2). Table 2 depicts the
mean values and standart deviations. Our results indicat-
ed a significant difference of diameters of the vertebral
artery in terms of laterality and gender (Table 2). The
analysis of the vessel diameter for men and women indi-
cated that the vessel diameter was significantly higher in

Figure 1. (a, b) Ponticulus posticus of atlas (*). [Color figure can be viewed in the online issue, which is available at www. anatomy.org.tr]

Figure 2. The diameter of Degree 2 PP (a) and complete PP
(b) in lateral view, and diameter of the left and right vertebral
artery after leaving the groove in coronal view (c).

a b

a b

c



men on both sides (p<0 on the left side and p<0.006 on
the right side (Table 3).         

This difference can be attributed to the higher values
of the vessel diameter for men (Table 2). In Degree 1, 2
and 3 groups, the vessel diameter significantly decreased
after leaving the sulcus on both sides (p<0.028 for the
right side, p<0.001 for the left side (Table 4). We did
not find a statistically significant difference between the
degree of the PP and vessel diameter in terms of lateral-
ity. The mean diameter of the arcuate foramen was 0.33
cm on the left side and 0.30 cm on the right side. The
mean thickness of the PP was 0.2 cm on the left side and
0.22 cm on the right side. Substantial variations were not
evident for the thickness and diameter of the PP.

Discussion 
A literature review revealed that multiple studies e pro-
duced different results in regard to the incidence of the PP
(1.14–37%) (Table 5). Elliot and Tanweer[7] substantially
contributed to the understanding of radiologists,
anatomists and neurosurgeons by reviewing and analyzing
radiographic, cadaveric and surgical databases. This exam-
ination reported the prevalence of complete PP as 44%
from an on-line database of 21,789 cases, which has
included 15,542 patients and 6247 body and cadaver sam-
ples. They found the the prevalence of complete PP as
9.3%, while incomplete PP had a prevalence of 8.7%. In

5.4% of their cases, the PP was bilateral. Furthermore,
this examination did not confirm a statistical correlation to
gender. Bayrakdar et al.[2] conducted another study that
analyzed 730 cone beam computed tomography (CBCT)
images, which found PP in 127 patients (17%). Males had
a prevalence of 19.5% (54 of 277 patients) and females a
prevalence of 16.1% (73 of 453 patients). 

Sharma et al.[17] investigated lateral cephalometric
radiographs of 858 Indian orthodontic patients for the
presence of PP. In this study, complete PP prevalence was
4.3% with a male predominance of 5.33%. In lateral
cephalometric radiographies of 353 Caucasion patients,
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n Mean±SD (cm) p

Degrees 1, 2, 3 Left 296 0.278±0.083 0.001

296 0.268±0.081

Right 296 0.282±0.077 0.028

296 0.276±0.076

Degree 4 Left 86 0.277±0.069 0.254

86 0.273±0.075

Right 86 0.27±0.078 0.405

86 0.268±0.089

Table 4
Comparison of diameters of the vertebral artery according to the

degree of the PP and laterality.

Side Parameter Comparison Sum of squares Mean square F p*

Left Pre-sulcus vs. gender Between groups 0.345 0.345 62.07 0

Within groups 1.897 0.006

Total 2.242

In-sulcus vs. gender Between groups 0.075 0.075 14.48 0

Within groups 1.768 0.005

Total 1.843

Post-sulcus vs. gender Between groups 0.186 0.186 31.37 0

Within groups 2.018 0.006

Total 2.204

Right Pre-sulcus vs. gender Between groups 0.303 0.186 61.39 0

Within groups 1.684 0.005

Total 1.988

In-sulcus vs. gender Between groups 0.038 0.038 7.61 0.006

Within groups 1.715 0.005

Total 1.753

Post-sulcus vs. gender Between groups 0.066 0.066 11.14 0.001

Within groups 2.016 0.006

Total 2.082

*p=0.05

Table 3
Comparison of diameters of the vertebral artery according to gender and laterality using ANOVA. 



Kendrick and Biggs[10] demonstrated a 15.8% prevalence
of PP with no difference between men and women. 

The majority of previous studies used lateral radiogra-
phies to identify PP, but this technique is not suitable for
determining the laterality of the PP. Therefore, head and
neck CT angiographies should be considered for evaluat-
ing the cervical region. Our study is one of the first exam-
inations to evaluate the presence of PP and its relation
with the arterial dimensions in the Turkish population
using the CT angiography technique. We evaluated 347
head and neck CT angiographies which demonstrated a
prevalence of complete PPs of 12.1% with no variation
due to gender or laterality. This result should be consid-
ered extremely beneficial for daily clinical practice.
Therefore, this region should be carefully examined espe-
cially before screw placement operations in order to avoid
injury to the vertebral artery. The examination of PP is
also important for neck pain, headaches, visual distur-
bances, speech and swallowing problems, vertigo and vas-
cular problems. Considering these clinical problems, we
examined the correlation of the vessel morphometry to the
occurence of PP. This was the first detailed examination of
the vertebral artery around the sulcus. Our results showed
that the mean vessel diameter was higher in men for both
sides. We did not statistically confirm the difference
between the degree of PP and vessel diameter on both
sides. In incomplete PP cases, the decrease in diameter of
the vessel on both sides was been statistically confirmed.
PP and arcuate foramen should not be considered as a sim-
ple anatomical variations. The change in the diameter of
the vessel due to incomplete PP may cause many clinical
problems such as vertebrobasilar insufficiency. Clinical
coexistence of PP with headache, neck pain, and vascular
problems should also be studied. Compression of the first
cervical nerve may also result in clinical sypmtoms.
Therefore, such morphological evaluations should be of
interest to both anatomists and clinicians. Compression of
the neurovascular structures passing through the foramen
may result in a combination of symptoms. 

A limitation of our study was that the patient group
was selected from a symptomatic stroke and vascular dis-
eases patients who applied to our third level university
hospital. Further studies with asymptomatic subjects,
cadavers and dry bones are recommended to declare the
differences among populations and nations. 

Split and Sawresevicz-Rybak[12] found that headache,
neck, shoulder, and arm pains as well as vertigo was sig-
nificantly higher in patients with complete PP than those
with partial PP. A complete PP may be mistaken for a
broad dorsal arch and the surgeon may accidentally insert
the screw into the arcuate foramen which can result in

damage to the vertebral artery and lead to stroke or death
due to thrombosis, embolism, or arterial dissection.[19]

Cushing et al.[5] observed arcuate foramen in eight of
eleven patients with vertebral artery dissection and occlu-
sion. The arterial injury was at the level of this anatomical
variation in all cases. Since over 50% of head rotation
occurs at the atlantoaxial joint, the vertebral artery is vul-
nerable to compression and stretching at this level and
thus, additional compression/tethering due to an arcuate
foramen can compound its predisposition to injury.
During neck flexion, the vertebral artery glides superiorly
and anteriorly relative to the posterior arch, which has a
greater rate of occurence at the level of the lateral masses
of the atlas compared to more caudal sites in the neck.[16]

The clinical significance of PP still remains unclear.
Some scholars, such as Wight et al.,[13] identified correla-
tions between PP and head pain and noted a significant
overrepresentation of the ring in chiropractic patients
with headaches without aura (i.e. visual or auditory dis-
turbances). Surgical excision of the PP alleviates
headache, vertigo, and basilar insufficiency.[18] Spinal
manipulative therapy involving craniovertebral articula-
tion also alleviates symptoms of vertigo, headaches, and
nausea.[9,13] Chiropractic treatments significantly improve
the treatment of migraines. In addition, the results of
this study may also be relevant to manual therapists, such
as chiropractors, physical therapists, or other health care
providers. If PP is detected or suspected, it must be doc-
umented in the the health record of the patient and a
specialist consultation must be sought.
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Author Material Incidence of
complete PP (%)

Lamberty and Zivanovic, 1973[14] Dry bones 7.5

Lamberty and Zivanovic, 1973[14] Radiography 15

Dhall et al., 1993[6] Dry bones 37.83

Hasan et al., 2001[8] Dry bones and cadaver 1.14

Cakmak et al., 2005[3] Dry bones 11.7

Paraskevas et al., 2005[15] Dry bones 10.23

Tubbs et al., 2007[21] Cadaver 5

Kim et al., 2007[22] CT 26

Kim et al., 2007[22] Radiography 14

Sharma et al., 2010[17] Radiography 4.3

Simsek et al, 2008[20] Dry bones 3.8

Elliott and Tanweer, 2014[7] Cadaver 18.8

Elliott and Tanweer, 2014[7] CT 17.2

Elliott and Tanweer, 2014[7] Radiography 16.6

Bayrakdar et al., 2014[2] Cone beam CT 17.4

F›rat et al., 2017 CT angiography 12.1

Table 5
Incidence of complete PP in the literature and current

study.[2,3,6–8,14,15,17,20–22]



Conclusion
Based on the findings in the present study, an incomplete
arcuate foramen may compress the vertebral artery. The
literature review reveals that the symptomatic compres-
sion of the vertebral artery at this location may be allevi-
ated for some patients using decompressive procedures.
Arcuate foramen is an anatomical variation that the neu-
rosurgeons should consider when undertaking surgery
near or on the posterior atlas. Our results confirm that
the prevelance of PP is a common variation, although its
prevalence in other groups remains to be investigated. 
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Introduction
Renal arteries are a pair of lateral branches from the
abdominal aorta at the level of L1–L2, little below the
origin of the superior mesenteric artery. Each renal
artery divides into an anterior and a posterior division
near the hilum of the kidney, which in turn divides into
five segmental arteries supplying the different renal vas-
cular segments.[1] Variations in the number, source and
course of the renal arteries are common, most common
variation being the accessory renal artery.[2] Variations in
the kidney arterial supply reflect the manner in which
the vascular supply continually changes during embryon-
ic and early fetal life. Accessory renal arteries usually
arise from the abdominal aorta above and below the
main renal artery and follow it to the renal hilum. They
are regarded as persistent embryonic lateral splanchnic

arteries.[1] The frequency of accessory renal arteries
varies from 9% to 76% with an average of 30%. In rare
cases, accessory renal arteries may arise from the celiac
trunk, superior mesenteric, inferior mesenteric, common
iliac, middle sacral, or external iliac arteries.[3]

Accessory renal arteries arise as result of the compli-
cated development of kidneys and variations in their posi-
tional anatomy.[4] They can be derived from the internal
spermatic, superior mesenteric, common iliac, hypogastric
or middle sacral arteries, and may be associated with
ectopic or fused kidneys.[5] Accessory renal arteries are end
arteries; therefore if they are damaged, the part of kidney
supplied by it becomes ischemic.[6] The knowledge of the
variation of renal arteries and associated congenital renal
anomalies is very much essential for medical educators,
surgeons and radiologists for proper diagnosis and man-
agement of the patient. Thus, this study aimed to widen
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our knowledge about vascularization of the kidney, the
incidence of accessory renal artery and its association with
congenital anomalies of the kidney.

Materials and Methods
The present study was conducted on 37 dissected cadavers
(31 males and 6 females) during routine dissection of the
abdomen for medical undergraduate training in the
Departments of Anatomy of Sri Ramachandra Medical
College and Research Institute and the Chennai and
Velammal Medical College, Madurai, India. This study
also included 25 patients (16 males and 9 females) ranged
between 25–62 years who underwent renal CT angiogra-
phy in the Radiology and Imaging Sciences of Sri
Ramachandra Medical College and Research Institute with
due consent from the patients. The device used was a 64
Slice VCT xt high speed advantage scanner, Helical com-
puted tomography (General Electric Medical Systems,
Milwaukee, USA.)

Exposure of the kidney was done following the proper
procedures in accordance with ethical standards of han-
dling of cadavers for learning and teaching. Accessory
renal arteries with associated congenital anomalies were
examined in detail and photographed. The patients were
informed about the angiographic procedures and probable
complications were also explained to the patients. In this
study, no additional interventions were performed on the
patients. Ethics approval was received from the
Institutional Ethics Committee of Sri Ramachandra
University. 

Results
Accessory renal artery associated with congenital anom-
alies was found in two cadavers and three CT angiograms.
Of the two cadavers with accessory renal artery, one had
polycystic kidney disease with accessory renal artery to the
right kidney (Figure 1), and another had malrotated kid-
ney with accessory renal artery on the left side (Figure 2).
Three cases in CT angiograms showed accessory renal
artery with various congenital anomalies. Horseshoe kid-
ney (Figure 3) with three accessory renal arteries - one
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Figure 1. Polycystic kidney with accessory renal artery on the right side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

Figure 2. Malrotated kidney with accessory renal artery on the left side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

Renal artery

Accessory 
renal artery

Right Left

Figure 3. Horseshoe kidney with accessory renal artery on the left side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]
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from right common iliac artery and two from abdominal
aorta - was found in the first case. The second case had
pelvic kidney with accessory renal artery on the right side.
The third case had hypoplastic kidney with accessory renal
artery on the right side.

The incidence of the accessory renal artery and asscociat-
ed kidney anomalies in cadaver specimens and patients who
underwent renal CT angiography are shown in Table 1. 

Discussion 
Knowledge of the variations of the renal artery and asso-
ciated congenital anomalies is essential for exploring and
managing renal trauma, renal transplantation, renovas-
cular hypertension, renal artery embolization, angioplas-
ty and vascular reconstruction for congenital and
acquired lesions.[7] It is essential to know the embryology
of the renal artery and structural development of the kid-
ney to understand the multitude of anomalies that may
occur. The complex development of the kidneys through
pronephros, mesonephros and metanephros, and the
ascent of the kidney from the pelvis to the lumbar
region, its vertical rotation and simultaneous acquisition
of a vascular supply explain the common variations in the
blood supply of kidneys associated with congenital mal-
formations.[6] The majority of renal artery variations are
due to the changing position of the kidney, as a part of
its normal development and ascent.[8] Kidneys develop
from the intermediate mesoderm in the pelvic region.
Later, they ascend to the adult position in the lumbar
region. In the pelvic region, kidneys are supplied by
branches of the internal iliac artery or the common iliac
artery. The arterial supply shifts from the common iliac
to the abdominal aorta with its ascent. In the ninth week
of the intrauterine life, the kidneys come in contact with
the suprarenal glands and the ascent ceases. This relative
ascent results mainly from the growth of the embryo's
body caudal to the kidneys. In effect, the caudal part of
the embryo grows away from the kidneys so that they
progressively occupy more cranial levels. The kidneys
receive their most cranial branches from the abdominal
aorta. These are the permanent renal arteries. Failure in
degeneration of the initial branches leads to formation of
accessory renal artery. Initially, the hilum of the kidney
where vessels and nerves enter and leave faces ventrally;
however, as the kidney relocates (ascends), it rotates
medially by almost 90°. By the ninth week, the hilum is
directed anteromedially.[9] Nino-Murcia et al., are of the
opinion that renal rotation takes place before definitive
vascularization. This process occurs between 38 and 49
days of development, during the ascent of the kidney.
The developing metanephros rotates from the dorsome-

dial to a more lateral position, relative to the collecting
system, resulting in the hilum of kidney eventually rotat-
ing from the anterior to the medial position. In non-
rotation, the renal pelvis presents itself ventrally in rela-
tion to the kidney mass. In incomplete rotation, it pres-
ents itself ventromedially.[10]

The kidney may become ectopic in the pelvis, if it
fails to ascend adequately. The horseshoe kidney may be
developed if the lower pole is fused and becomes trapped
by the inferior mesenteric artery, and thus the kidney
cannot ascend to the lumbar region.[11]

According to Felix,[12] there are nine pairs of lateral
mesonephric arteries arising from the dorsal aorta,
arranged as cranial (1st and 2nd pair), middle (3rd and 4th
pair) and caudal (6th to 9th pair) groups in 18 mm fetus.
Renal artery develops from one pair of middle group. The
persistence of more than one artery from the middle group
results in formation of an accessory renal artery. Thus, the
accessory renal arteries in our study are a result of persist-
ing lateral mesonephric arteries from the middle group. 

Varieties of congenital renal anomalies with accessory
renal artery have been documented in literature so far.
Accessory renal artery with unilateral congenital anom-
alies is more common than bilateral anomalies. Aberrant
renal artery with unilateral anomaly was reported in 15%
and bilateral anomaly in 5% specimens by Dhar and Lal.[13]

Accessory renal artery can delay the kidney migration
that results in ectopic kidney or vice versa. The incidence
of ectopic kidney with unilateral or bilateral accessary
renal artery is about 1:500 to 1:110. The ectopic kidney
can be unilateral or bilateral at various levels. Unilateral
pelvic kidney was observed in 1:3000 and thoracic kidney
in 1:13,000. Most of the cases of ectopic kidneys are
asymptomatic.[14,15] The present study reported unilateral
pelvic kidney with accessory renal artery in one out of 25
cases in CT angiograms.

Polycystic kidney disease is one of the life-threatening
inherited disorders. For many years, it was thought that
the cysts were the result of failure of the metanephric

Groups Number of Presence of associated 
kidneys kidney anomaly

Cadaver specimens 5/37 (13.5%) 2/37 (5.4%)

Renal CT angiography cases 8/25 (32%) 3/25 (12%)

Table 1
Incidence of the accessory renal artery and asscociated kidney 
anomalies in cadaver specimens and patients who underwent 

renal CT angiography. 



diverticulum derivatives to join the tubules derived from
the metanephrogenic blastema. It is now believed that the
cystic structures are wide dilations of parts of the other-
wise continuous nephrons, particularly the nephron loops
(loops of Henle).[9] Polycystic kidney can be observed in
association with accessory renal artery. Manpreet et al.[16]

reported a case of left kidney with multiple cysts and
accessory renal artery in right kidney. Both of these can
cause renal failure, hypertension, hydronephrosis and
even failure of renal transplants. We found multiple cysts
in one out five cadavers who had accessory renal arteries.

Kidney rotates through 90° ventromedially during its
normal development. However, according to Bauer,[17] the
ureteral branching induces differentiation of the
metanephric tissue, different degrees of unequal branch-
ing result in various forms of malrotation. Felix postulat-
ed that rotation is a result of unequal and different branch-
ing pattern of successive orders of ureteral tree. With
excessive ventral branching more parenchyma develops
ventrally and the renal pelvis seems to rotate medially.[12]

There are various types of renal anomalies related to
abnormal rotation like nonrotation, incomplete rotation,
excessive rotation or reverse rotation. Renal pelvis posi-
tion depends on the types of rotation of the kidney. In
non-rotation, renal pelvis is present ventrally, in incom-
plete rotation ventromedially, whereas in reverse rotation
ventrolaterally.[18] Our case is most probably unrotated
kidney, since the pelvis is present ventrally .

Banerjee et al.[8] reported an incompletely rotated
kidney with three accessory renal vessels, two renal
arteries, and one renal vein at the lower pole in left kid-
ney. Ramteerthankar et al.[19] found bilateral unrotation
of the kidneys in a female cadaver without any associat-
ed variation. Atasever et al.[20] observedan unrotated left
kidney with partly extrarenal calyces associated with an
accessory renal artery in a male cadaver. 

As the renal rudiments ascend from the pelvic region
to the loin, they remain entirely separate. If they come in
contact and adhere, usually at the lower poles, this results
in horseshoe kidney.[21] The incidence of horseshoe kidney
is less than 0.3%, in one out of 300 pyelographies.[22]

Mohanty et al.,[23] in a case report, observed a horseshoe
kidney in a female cadaver, with extrarenal calyces, with
two small caliber renal arteries supplying the upper seg-
ment of the organ on either side and a single accessory
renal artery originating from the aorta on the right side
and branching to supply the right and left middle seg-
ments together with a well-developed connecting bridge.
Vaniya et al.[24] noticed in a male cadaver, a horseshoe kid-
ney with multiple renal arteries and extrarenal calyces. A
horseshoe kidney may be problematic in abdominal

aneurysm surgery, as the renal arteries arise normally only
in 20% of these cases.[24] In the present study, we observed
a horseshoe shaped kidney with three accessory renal
arteries, but no extrarenal calyces.

The frequency of unilateral hypoplastic kidney was
reported to be one in 500 autopsies. The cause of
hypoplastic kidney can be congenital or as a result of
pyelonephritic shrinkage or as a combination of both.[25]

Guang-Qian Xiao et al.[26] reported a case of unilateral
hypoplastic kidney in a 33 year old male patient. We
found one hypoplastic kidney with accessory renal artery
in the right kidney among eight cases with accessory
artery in CT angiograms.

Advances in surgical and uroradiological techniques
dictate a reappraisal and definition of renal artery varia-
tions. The present study revealed the percentage of acces-
sory renal arteries and its association with congenital
anomalies using cadaver dissection and CT angiography
techniques. This study will supplement the knowledge of
variation in renal arteries and its association with congen-
ital anomalies for avoiding complications during diagnos-
tic investigations or surgical approaches to the kidney. The
renal arteries can not be evaluated properly only by axial
images, because they usually have a tortuous and variable
course. Therefore, there is a need for additional views by
CT angiography.[8] Modification of CT protocol by gener-
ating thinner sections may improve the detection of acces-
sory arteries. This information is exceedingly important to
the surgeons in planning treatment strategies.
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Introduction
Trophoblastic cells of the placenta comprise cytotro-
phoblasts, syncytiotrophoblast cells in the labyrinthine
zone, and spongiotrophoblasts, trophoblastic giant cells in
the junctional zone.[1-4] The latter constitute the interhemal
membrane or placental barrier. Anaemia causes adverse
fetal outcome.[5-8] This poor outcome has been attributed to
degenerative changes in the placenta which include reduc-
tion in size, placental infarcts, syncytial knots, decreased
vascularity and fibrinoid necrosis.[2,9,10] Trophoblastic cells
are important in the function of the placenta and are sen-
sitive to placental insult.[11–13] Accordingly, knowledge of the
effects of various insults is important in mitigating adverse
fetal outcome. Studies on the anaemia induced ultrastruc-
tural changes in the placental trophoblastic cells are, how-

ever, scarce, but nonetheless important in elucidating the
basis for poor fetal outcome. This study therefore investi-
gated the effects of anaemia on the ultrastructure of pla-
cental trophoblastic cells.

Materials and Methods
This experimental study was carried out on forty-nine
female Sprague-Dawley rats. The animals were derived
from a generation of clones over a 19 year period and
divided into control and experimental groups. The study
was approved by the ethical committee in the University of
Nairobi and implemented in accordance with internation-
al policies and directives governing the use of animals in
experiments. These directives were formulated to secure
best environment and care for animals. Basic principles in
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Objectives: Iron deficiency anaemia causes adverse pregnancy outcome. There are few studies on effects of anaemia on the
structure of trophoblastic cells which are important in placental function. These data are important for understanding the
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ed with iron deficiency anaemia in rat placenta. 

Methods: Forty-nine female Sprague-Dawley rats were randomly separated into experimental and control groups. The
experimental group was rendered anaemic by removing 1.5 ml of blood per bleed on five alternate days, and the placentas
were collected on gestational days 17, 19 and 21. For light microscopy, five cubic millimeter segments were fixed in 10%
buffered formaldehyde solution; dehydrated in ethanol and embedded in paraffin wax. Five micron thick sections were cut,
deparaffinized and stained with Hematoxylin and Eosin. For transmission electron microscopy, 1 mm3 sections were fixed in
2.5% phosphate buffered glutaraldehyde, post fixed in 2% osmium tetroxide, dehydrated in ethanol, cleared in propylene
and embedded in epon resin. Ultrathin sections stained with uranyl acetate and lead citrate were examined with JEOL elec-
tron microscope. 

Results: Cytotrophoblast, syncytiotrophoblast and giant trophoblastic cells of placentas of anaemic rats showed cytoplasmic
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animal care were applied in this study which included the
following: using less invasive techniques, optimum living
conditions and medical care, causing no pain or distress,
not performing unnecessary tests, reducing the number of
animals tested to the minimum. Rats were handled with
care, without rushing to avoid frightening the animals. 

Chronic anaemia was induced by withdrawing 1.5 ml
of blood on five alternate days, through the retrobulbar
plexus according to the protocol by Markovic et al.
(2009).[14] Anaemia was diagnosed when the haemoglobin
level dropped below 12 g/dl. The mean haemoglobin level
for the control rats was 13.1 g/dl; ranging from 12.88 g/dl
on day 17 to 13.4 g/dl on day 21. In anaemia on the other
hand, haemoglobin was consistently below 12 g/dl range
from 10.98 g/dl on day 17 to 11.44 on day 21. The differ-
ence was statistically significant on all gestational dates.
Chronic anaemic rats had mean values of haemoglobin
concentration that are significantly less than those of the
control mean values in all studied groups (Table 1).

Rats were anaesthetised by ether inhalation, the
abdomen was opened using a midline incision, the uterus
was exposed and placentas were extracted on days 17, 19
and 21 (Table 2). All placentas were cut in two equal parts.
Half was processed for light microscopy and the other
processed for transmission electron microscopy.

For light microscopy, the placentas were cut into 5
mm3 pieces, fixed in 10% buffered formaldehyde solution,
dehydrated in alcohol, cleared in xylene and embedded in

paraffin wax. Five micron sections were cut, deparaf-
finized, stained with Hematoxylin and Eosin and exam-
ined at various magnifications in control and anaemic rats
using a Leica ICC 50 microscope (Leica Microsystems,
Wetzlar Germany). Photographs were taken using a high
resolution digital camera attached to a computer. 

For transmission electron microscopy, 1 mm3 tissue
blocks of placenta were fixed in 2.5% phosphate buffered
glutaraldehyde for two hours at 4°C. They were then
washed in 0.1 M phosphate buffer 4×20 min and then for
24 hours again at 4°C. Secondary fixation was done in
2% osmium tetroxide in 0.1 M phosphate buffer, pH 7.4
for 1 hr at room temperature. This was then followed by
washing in double distilled water 4×20 min at room tem-
perature. Dehydration was done in ascending grades of
ethanol, cleared in propylene oxide and embedded in
epon resin. Semithin sections were cut at approximately
500–1000 nm thickness and stained with toluidine blue.
Ultrathin sections were stained with uranyl acetate
counter stained with lead citrate and then examined
under JEOL transmission electron microscope at various
magnifications using the protocols of Hunter[15] and
Bozzola and Russel.[16] Images were taken by high resolu-
tion camera. 

Results
The trophoblastic cells in the placenta of control animals
showed clear margins, cytoplasm, nuclei with distinct
chromatin and nucleoli. Microvilli on the cytotro-
phoblasts were definite, long and numerous. Those in
placenta of anemic animals, on the other hand, showed
features of degeneration. The nucleus of the trophoblas-
tic cells in the interhemal membrane showed features of
chromatolysis such that the chromatin material appeared
to have disappeared from the nucleus, leaving a naked
nucleolus. The cell margins became indistinct. This was
in contrast to the controls in which cells appeared dis-
tinct with clear margins, nucleus and prominent chro-
matin and nucleoli (Figures 1a and b). The cells in the
interhemal membrane displayed numerous dark bodies,
vacuolation, disorganization, as well as degeneration of
the endothelial lining with thickening of the basement
membrane (BM) (Figures 1c and d).

The syncytiotrophoblasts showed chromatin and
nucleolar degeneration, cytoplasmic and nuclear vacuo-
lation (Figures 2a and b). Cytotrophoblasts developed
marked nuclear vacuolation and dark bodies. The sur-
faces facing the MBS bore microvilli which were reduced
in number and the cells had different orientations on the
surface of the cytotrophoblast (Figures 2c and d).

Hb (g/dl): mean±SE

Gestation day           Control Chronic p-value

Day 17 12.88±0.23 10.98±0.69 .039*

Day 19 12.98±0.16 10.67±0.5 .001*

Day 21 13.4±0.5 11.44±0.58 .013*

*p<0.05

Table 1
Effect of chronic anaemia on haemoglobin levels.

Number of rats

Day Control  group Experimental group

17 6 5

19 5 8

21 13 12

Total 24 25

Table 2
Distribution on rats on different gestational days.
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Giant trophoblastic cells in control animals showed
clear margins, granular cytoplasm, and prominent homo-
geneous nucleus with prominent nucleolus. In anaemia on

the other hand, the giant trophoblastic cells lost cell mar-
gins, the cytoplasm and nucleus developed vacuoles, as the
nucleolus disappeared (Figures 3 and b). 

Figure 1. Electromicrographs of placental labyrinth in control and chronic anemic rat placenta at gestational day 21. (a)  Electromicrograph of pla-
cental labyrinth in control rats showing normal maternal blood spaces (MBS), fetal capillaries (FC) with red blood cells (RBCs) and a number of giant
cells with clear cell margins and prominent nucleoli (arrows) (×1200). (b) Electromicrograph of labyrinth in anaemic rats showing dilated MBS, fewer
fetal capillary (FC), decreased numbers of giant cells and anisocytosis. Note the absence of clear cellular and nuclear margins of numerous dark bod-
ies (×1200). (c) Electromicrograph of labyrinth of control animals showing FC with well-defined endothelial lining (E) and nuclei with 2 nucleoli. Note
also the regular interhemal membrane (IHM) (×3000). (d) Electromicrograph of labyrinth in anaemic rats showing abnormal shape and size of RBCs
in FC, disorganization of E of FC and disruption of its wall, more dark bodies (arrows) and disorganized IHM (×3000).

a b

c d
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The number giant trophoblastic cells in the anaemic
group was relatively less compared to the controls
(Figures 4a and b). 

Discussion 
The cells most affected by anaemia were syncytiotro-
phoblasts, cytotrophoblasts and trophoblastic giant cells.
Syncytiotrophoblasts and cytotrophoblasts showed
changes characterized by nuclear and cytoplasmic vacuo-
lation. Similar degenerative changes in these cells have
been reported in hypoxia,[17,18] pre-eclampsia[19] and
hypertensive disease of pregnancy.[20] The changes are

concordant with reports that these cells are sensitive to
factors which cause placental injury.[13,21,22] Many of them,
especially those related to hypoxia occur due to placental
apoptosis consequent to oxidative stress.[23] The syncy-
tiotrophoblast is actively involved in the transport of
metabolites to and from the embryo/fetus; production of
hormones, growth factors and receptors which regulate
maternal metabolism and placental development.[11,24]

Accordingly, the changes observed are likely to adverse-
ly impact on placental function by decreasing transfer
and synthetic activity[18] and hence contribute to poor
fetal outcome. In addition, cytotrophoblastic cells

Figure 2. Electromicrographs of cytotrophoblasts and syncytiotrophoblasts of control and anemic rat placentae at gestational day 21. (a) Placenta
of control rat with normal CT and ST lining the MBS and FC, respectively (×5000). (b) Anaemic placenta showing vacuolation (V), chromatin and
nucleolar disappearance in CT and ST (×5000). (c) Placenta of control, showing prominent long microvilli on CT (arrows) projecting into the MBS
(×10,000). (d) Anaemic placenta. Note the shorter and fewer microvilli (arrows) on CT cells (×10,000). CT: cytotrophoblast; FC: fetal capillaries;
MBS: maternal blood spaces; ST: syncytiotrophoblast.
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showed abnormal orientation, reduction in size and den-
sity of microvilli. The decreased microvillus density
observed in the current study has also been reported in
other complications such as IUGR placentae[25] and pre-
eclampsia.[17] In the rat, cytotrophoblasts continuously
differentiate into ST during villous formation and devel-
opment and are important in invasion of blood vessels
remodeling in early stages of implantation.[26] Their
degeneration may undermine placenta function, and
contribute to poor outcome. 

The trophoblastic giant cells secrete steroid hor-
mones and prolactin related cytokines, to work on prepa-
ration and adaptation of the maternal body systems to
pregnancy to ensure that proper placentation
occurs.[12,27,28] In the current study, these cells showed
marked cytoplasmic and nuclear vacuolation. Similar
degenerative changes have been reported in diabetes and
hyperthermia,[29,30] and placental chemical toxicity,[31–33]

and gestational protein restriction.[34] They are probably
genetically programmed. Indeed it has been reported

Figure 3. Photomicrographs of giant trophoblastic cells in rat placenta. (a) Giant cell in control at gestational day 17, showing normal homoge-
neous granular cytoplasm, uniform nucleus with prominent nucleolus. (b) Giant cell in anemia at gestational day 17 showing irregular cell mar-
gins, nuclear degeneration, cytoplasmic and nuclear vacuolation (arrows) (Hematoxylin and Eosin, ×1000). N: nucleus; n: nucleolus. [Color fig-
ure can be viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 4. Photomicrograph of labyrinth and junctional zones in placenta of control rats at gestational day 19. (a) Giant trophoblastic cells in the
control rat placenta showing normal distribution and appearance. Note the distinct dark nuclei (N) with definite nucleoli (n). (b) Giant cells in the
anaemic group showing relative reduction in their number compared to the control. Note the nuclei (N) are lighter stained the nucleoli (n) are
less distinct of giant cells. Hematoxylin and Eosin, ×100. [Color figure can be viewed in the online issue, which is available at www.anatomy.
org.tr]
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that O2 levels regulate cell fate through hypoxia induced
factor-1 (HIF-1) which activates genes involved in cellu-
lar response to O2 deprivation.[32,35] These morphological
changes may alter placental function and embryo nutri-
tion, and contribute to the poor fetal outcome.

Conclusion
Chronic anaemia causes trophoblastic cell degeneration.
This may undermine the functional integrity of the cells
and constitute part of the mechanism for poor fetal out-
come.
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Introduction
Lead (Pb) is a lustrous bluish-silver colored metal heavy
metal naturally present in human environment.[1,2]

According to Ahmed et al. (2013),[3] exposure to Pb is
unavoidable, as it occurs through many routes including
contaminated air, water, soil, food and consumer products.
Other sources of Pb are gasoline and house paint, which has
been extended to lead bullets, plumbing pipes, pewter

pitchers, storage batteries, toys and faucets.[4] Pb is com-
mercially important as it is used in the manufacture of Pb-
acid storage electrical batteries, production of fusible metal
alloys and foils, fabrication and synthesis of anti-friction
metals and solder.[5]

Despite the enormous efforts put in place by the gov-
ernment and international health organizations in the
developed and developing countries, exposure to PB per-
sists as one of the major health challenge.[6]
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Abstract

Objectives: Lead (Pb) is a neurotoxicant heavy metal ubiquitously present in the eco-system. The precise mechanism by
which Pb confers its deleterious effects on the cellular profile of the central nervous system remains unknown. The aim of
this study was to investigate the effect of Pb on the medial prefrontal cortex (mPFC) using histological, immunohistological
and morphological techniques.   

Methods: Thirthy juvenile male Wistar rats were used in this study. The rats were randomly assigned into three groups.
Group A served as the control group, Group B received 5 mg/kg Pb-nitrate (PbNO3) orally for 21 days, and Group C received
5 mg/kg PbNO3 and left for an additional 21 days to recover.  

Results: There was a significant decrease in the number of normal neurons in the mPFC of the PbNO3-treated rats. The num-
ber of degenerating neurons significantly increased in the PbNO3-treated groups compared with the control group. A
marked increase was observed in the number of astrocytic cell count in the PbNO3-treated groups compared with the con-
trol. The neuronal cells in the cytoarchitectural profile of the mPFC of the rats receiving PbNO3 showed marked neurode-
generative modification with features of distorted morphology, swollen and vacuolized cytoplasm, and features of either
pyknotic or karyorrhectic nuclei. The cytoarchitecture of the mPFC of the rats in the control group preserved the normal his-
tological outline suggestive of a normal and functional mPFC.    

Conclusion: Exposure to Pb ingestion can result in significant inflammatory responses in the cytoarchitectural profile of the
mPFC. Furthermore, 21 days of cessation of exposure to PbNO3 did not halt or reverse the deleterious effects of Pb on the
mPFC of the rats, suggesting that Pb persists in the central nervous system of the rats.  
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Pb is known to be a neurotoxicant that competes with
and impairs calcium ion signaling in nerve processes.[5,7,8] It
inhibits the differentiation of neurons, suppresses long-
term potentiation (LTP), alters the secretion of neuro-
transmitters,[9–11] and also triggers the production of β-
amyloid proteins.[12] Other deleterious effects of Pb also
include biochemical disruption,[13] cellular alterations,[7,14]

metabolic,[15] and subclinical aberrations which ultimately
lead to death in most cases.[16] An example of this is the
considerable number of children that died in the Zamfara
Pb poisoning in Nigeria. 

According to the descriptions of Liu et al.[17] and Liu et
al.,[18] tastrocytes and microglia are two of the four types of
glial cells in the brain that are involved in the activation
and regulation of the brain immunity in response to patho-
logical conditions.[17] In response to excitotoxicity, astro-
cytes and microglia enhance the production and release of
inflammatory cytokines, increase the generation of reac-
tive oxygen species, suppress the activities of antioxidants,
thereby resulting in cellular loss or injury in the central
nervous system (CNS).[19–22]

Although observations suggest that Pb is capable of
inducing cellular dysfunction in the cortical regions of the
brain, detailed mechanisms of actions remain largely
unknown. The aim of the study was to observe the effect of
Pb on the cytoarchitectural profile of the medial prefrontal
cortex (mPFC) following exposure to Pb-nitrate (PbNO3).

Materials and Methods
All experimental procedures were in accordance with the
guidelines for animal research outlined in the NIH
Guidelines for the Care and Use of Laboratory Animals
as approved by the Institute of Public Health, Obafemi
Awolowo University, Ile-Ife, Nigeria.

The crystal salt of PbNO3 (Carlo Erba, Milano, Italy)
was obtained from the Department of Biochemistry, Afe
Babalola University, Ado Ekiti, Nigeria. The salt was
dissolved in double distilled water and administered oral-
ly using metallic oral gavage. The solution was freshly
prepared before each administration. 

Thirty juvenile male Wistar rats (4 weeks old) weigh-
ing between 38 and 40 g were used for this study. The
rats were obtained from the Department of Pharmacy,
Obafemi Awolowo University, Ile-Ife, Nigeria. The rats
were allowed to acclimatize for two weeks in the Animal
Holdings of the Afe Babalola University, Ado-Ekiti,
Nigeriai and housed in stainless steel cages (48×28×20
cm) containing wood-shaving bedding. The beddings
were changed once a week. The room was maintained on
natural day/light cycle, at room temperature. The rats in
all groups were allowed free access to standard laborato-

ry rat pellet and clean drinking water was made available
in polycarbonate bottles ad libitum. 

Twenty-four hours after acclimatization, the thirty
juvenile rats (now weighing about 40–44 g) were random-
ly assigned into three groups designated as Group A
(n=10), Group B (n=10), and Group C (n=10). The rats in
Group A (control group) were treated with double distilled
water, the rats in Group B (PbNO3-treated) with 5
mg/kg[23] PbNO3 by oral gavage for 21 days, and the rats in
Group C (Pb-treated) were treated with 5 mg/kg of
PbNO3 and left for 21 days to recover before they were
sacrificed. No death of animal occurred during this study.
At the end of the study, 10 rats from each group were
exposed to an overdose of Nembutal (100 mg/kg, i.p.) and
transcardially perfused with 4% paraformaldehyde, fol-
lowed by 10% buffered formalin while the rats were in
inverted position. Brain samples were excised and post-
fixed in 10% formalin with 30% sucrose. The mPFC
(4.70–2.70 mm ventral and 4.70–2.70 mm dorsal to the
bregma) was identified using the atlas of Paxinos and
Watson,[24] under dissection microscope. Subsequently, the
mPFCs were paraffin-embedded and sectioned at 5 μm on
a microtome. 

The immunohistochemical demonstration of astrocytes
was performed according to the method of Ardalan et al.[25]

Briefly, floating sections were rinsed in tris buffer saline
(TBS) containing 0.1% Triton X-100 for 30 min followed
by blocking endogenous peroxidase  using 30% H2O2 and
methanol dissolved in TBS for a further 30 min. Antigen
retrieval was done by heating the sections in the retrieval
solution (Cat #S1699; Dako, Glostrup, Denmark) dissolved
in distilled water in the oven for 30 min. Thereafter, the
sections were rinsed three times in 1% bovine serum albu-
min (BSA) and 0.3% Triton-X in TBS solution for 10 min.
The sections were then incubated with a polyclonal rabbit
anti-GFAP (Cat #Z0334; Dako, Glostrup, Denmark) at
1:500 dilution with 1% BSA in TB buffer 50 mM overnight
at 4ºC, rinsed in TBS with 0.1% BSA and Triton X- 100
for 10 min, and then incubated with polyclonal secondary
goat anti-rabbit IgG antibody/HRP (Cat #P0448; Dako,
Glostrup, Denmark) at  1:200 dilution for 2 hours.
Subsequently, the sections were washed three times in TBS
for 10 minutes. The immunolabelling was performed using
3.3’-diaminobenzidine (DAB) solution for 1 minute.
Lastly, the sections were mounted on the gelatin-coated
slides and counterstained with 0.25% thionin solution
(T3387; Sigma-Aldrich, St. Louis, MO, USA).

Images of the histological and immunohistochemical
sections were captured using Leica DM 3000 (Leica,
Wetzlar, Germany) with a cameroscope connected to a
computer interface. The resolution of the cameroscope
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was 14 mega pixels. Histological and immunohistochemi-
cal images were photomicrographed at different magnifi-
cations and were examined using the Image Analysis and
Processing for Java (Image J) program, public domain soft-
ware sponsored by the National Institute of Health (USA).
Normal neurons, degenerating neurons and astrocytes
were counted in ten different non-overlapping sections
from ten different rats in each group using high power field
objective microscope lens of 40x using Apache OpenOffice
Draw 3.4.1 (Apache Software Foundation, Forrest Hill,
MD, USA) and Image J (NIH, USA) software. The statis-
tical package GraphPad Prism Software (version 5.01; La
Jolla, CA, USA) was used for data analysis. Cell count data
were presented as mean±SD. Non-parametric data were
used directly in analysis using the Mann-Whitney U and
Kruskal-Wallis tests. Both Tukey’s test and one-way analy-
ses of variance (ANOVA) were used to compare the num-
bers of neurons, number of degenerating neurons, and
number of astrocytic counts across the study groups. 

Results
The number of normal neurons significantly decreased
in the PbNO3-treated rats (Group B) when compared
with the control group (p=0.0002) (Figure 1). After 21
days of recovery, the number of normal neurons in
Group C showed a significant decrease compared with
the control group (p=0.0002). However, there was no
significant difference in the number of normal neurons
between Group B and Group C, suggesting that there
was no improvement with recovery.

The number of degenerating neurons significantly
increased in rats in the PbNO3-treated group (Group B)
compared with the control group (p=0.0001) (Figure 2).
After 21 days of recovery, Group C also showed a
marked significant increase in the number of degenerat-
ing neurons when compared with the control group
(p=0.0001). On the other hand, there was also a signifi-
cant difference (p=0.007) in the number of degenerating
neurons between Group B and Group C.

The number of astrocytes showed a significant
increase in the PbNO3-treated group (Group B) com-
pared with the control group (p=0.0001) (Figure 3).
After 21 days of recovery, Group C also showed a signif-
icant increase in the number of astrocytes compared with
the control group (p=0.0001). In addition, there was a
significant decrease in the number of astrocytes between
Group B and Group C (p=0.0001).

We used Hematoxylin and Eosin stain to evaluate the
cytoarchitecture of the mPFC after treatment with PbNO3

(Figure 4). The control group showed neurons with nor-
mal appearance, prominent basophilic cytoplasm, and
small-sized neuroglia cells interspersed within the neuropil

(Figure 4a). PbNO3-treated group showed neurons with
distorted morphology, swollen and vacuolized cytoplasm,
and features of either pyknotic or karyorrhectic nuclei. Few
of the neurons appeared with faintly stained cytoplasm

Figure 1. The number of normal neurons in the mPFC of the rats in in
Groups A, B and C. *p<0.001; ns: non-significant.

†

†

Figure 2. The number of degenerating neurons in the mPFC of the rats
in Groups A, B and C. *p<0.01; †p<0.001.

†

†

Figure 3. Astrocytic cell count in the mPFC of the rats in Groups A, B and
C. *p<0.01; †p<0.001.



(Figure 4b). The recovery group showed similar cytoar-
chitectural outline to the PbNO3-treated; many neuronal
cells with prominent cytoplasmic vacuolation and frag-
mented cytoplasm, with active-appearing microglial cell
were observed (Figure 4c).

In the cresyl fast violet stained sections, distribution of
Nissl bodies in mPFC neurons was investigated (Figure 5).
The neurons in the control group were with no perineu-
ronal cavitation or vacuolation, the neuronal cells were with
darkly stained cytoplasm containing Nissl’s substances
(Figure 5a). In the PbNO3-treated group, mPFC neurons
showed features of chromatolysis, fragmented cytoplasm
and dispersed peri-nuclear Nissl deposits (Figure 5b). The
PbNO3-treated group and the recovery group showed sim-
ilar cytoarchitectural features (Figure 5c).

GFAP immunohistochemistry was used in this study to
demonstrate astrocytic reaction as immunologic response
to Pb exposure (Figure 6). A few GFAP immunoreactive
astrocytes along with a large number of neurons were

observed in the mPFCs of the control group (Figure 6a).
In the mPFCs of the PbNO3-treated group, a significant
increase was observed in the reactive astrocyte count com-
pared with the control. The astrocytes were reactive,
hypertrophied with their thick cytoskeletal processes
(Figure 6b). In the recovery group (Group C), there was
also a marked increase in the number of GFAP immunore-
active astrocytes compared with the control group, though
the number of the astrocytes was not significantly different
from the PbNO3-treated group (Figure 6c). The cytoplas-
mic processes of the astrocytes were seen with their com-
plex cytoplasmic dendritic patterns, as a feature suggestive
of inflammatory foci.

Discussion 
In this present study, evidence from the histological, his-
tochemical and immunohistochemical data showed that
21 days after exposure to PbNO3, the cellular profile of
the mPFC did not show any significant improvement.
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Figure 4. mPFC neurons in the (a) control, (b) PbNO3-treated, and
(c) PbNO3-treated recovery groups. Normal neurons with normal
appearance and with cytoplasm deeply stained with hematoxylin
(red arrow); distorted and swollen membrane, vacuolated and
degenerated neurons (double blue arrow); neurons with frag-
mented cytoplasm (yellow arrowhead) (Haematoxylene and Eosin
stain, ×200). [Color figure can be viewed in the online issue, which
is available at www. anatomy.org.tr]

a b
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Undoubtedly, Pb continues to affect humanity because
of its ubiquitous existence, extensive and wide industrial
use, as well as anthropogenic activities.[26] Pb has been
reported to cause significant neuronal damage in the
CNS.[27–29] Although the use of Pb has been significantly
reduced, Pb exposure continues to be a risk, because level
of Pb is constantly stable in the environment and no
unhazardous threshold for Pb exposure has been estab-
lished.[3,30] The effects of Pb are particularly damaging to
the developing nervous system, causing potentially irre-
versible learning and behavior deficits. 

Since astrocytes modulate the activities of neural circuit
in the healthy and diseased brain, examining astrocytic role
is key to the understanding the effect of neurotoxin in the
CNS.[31] In the brain and spinal cord, the normal anatomy
of astrocytes regulates important physiological functions
which include heterogeneous distribution of neurotrans-
mitters, maintenance of the extracellular balance of ions,
provision of energy metabolites to neurons, participation in

synaptic function and plasticity, and regulation of blood
flow.[32] On the other hand, as a result of the PbNO3-
induced neurotoxicity in this study, astrogliosis associated
with degenerative neurons and inflammatory processes
occurred in the mPFC of the rats. The biological process
that lead to astrogliosis are not fully known. However,
degenerating neurons have been suggested to be capable of
inducing astrogliosis, and astrogliosis has been used as an
indicating scale for evaluating neuronal damage.[33–36]

The present model of Pb-induced inflammation in the
cytoarchitectural profile of the mPFC in juvenile rats
exposed to PbNO3 might explain the irreversible neu-
ropathological and neurobehavioral anomalies associated
with Pb exposure.[3,37] The functional and structural integri-
ty of the CNS is prone to various forms of insults and tox-
ins that are capable of initiating cascades of deleterious
responses.[34] In this study, Pb exposure induced upregula-
tion of GFAP expression and also modified the structural
integrity of the neurons in the cytoarchitectural profile of
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Figure 5. Nissl substance staining in mPFC neurons of the (a) control,
(b) PbNO3-treated, and (c) PbNO3-treated recovery groups. In normal
neurons with no perineuronal vacuolation or cavitation, the Nissl sub-
stances were anatomically placed within the neurons and the neurons
were intact with their cytoplasmic contents (red arrow). Neurons with
features of chromatolysis, fragmented cytoplasm and peri-nuclear
Nissl deposits (white arrowhead); pyknotic neurons (black arrow);
neurons with ruptured membrane (yellow arrowhead) (Cresyl fast
violet staining, ×200). [Color figure can be viewed in the online issue,
which is available at www. anatomy.org.tr]

a b

c

b



the mPFC of juvenile rats. In a previous study, increase in
the expression level of GFAP in brain regions following
PbNO3 treatment was documented.[38] The astrocytic cell
count was augmented following PbNO3 treatment suggest-
ing that increased GFAP immunoreactivity can be an indi-
cation of the formation of gliosis as one of the mechanisms
by which Pb induces its adverse effects on the CNS. In the
CNS, astrocytes are abundant cells that provide support for
neurons, contribute to the formation and function of
synapses, thin-out synapses by phagocytosis, and partici-
pate in a wide range of homeostatic functions.[39–42]

One of the pivotal role of astrocytes is to respond to
injury via an intricate process known as reactive gliosis,
which causes cellular damage or loss of normal neuropro-
tective functions in the CNS following injury, trauma, or
disease.[43]

In this study, marked damage was be observed in the
cytoarchitecture of the mPFC dissected in the rats treated
with PbNO3 (Figures 4b and 5b). Similar neurodegener-
ative features were also present in mPFCs of the recovery

group (Figures 4c and 5c). These outcomes are similar to
the neuropathological observations documented in previ-
ous studies.[44,45]

In a healthy CNS, calcium ions regulate a large num-
ber of cellular processes such as cell growth, differentia-
tion, and synaptic activity. Although physiological
increase in the levels of intracellular Ca2+ are typically cru-
cial to cellular processes, excessive and irregular influx of
Ca2+, and any other Ca2+ release from intracellular com-
partments, can impair Ca2+-regulatory mechanisms and
result in cell death.[27] Considering the significantly
increased number of astrocytes in the mPFCs of the
PbNO3-treated and the recovery groups (Figures 6b and
6c), another possible justification is that, exposure to
PbNO3 might have impaired the regulatory function of
calcium on neuronal cell integrity and inhibited several
intracellular biological activities.[46]

Neuronal cell death contributes to the basic neu-
ropathology of various degenerative disorders of the
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Figure 6. GFAP simmunohistochemical staining of neurons in the mPFC
in the (a) control, (b) PbNO3-treated, and (c) PbNO3-treated recovery
groups. Few astrocytes  were observed in a (white dotted circle), and
numerous GFAP immunoreactive astrocytes in b and c. (GFAP immuno-
histochemical staining, ×200). [Color figure can be viewed in the online
issue, which is available at www. anatomy.org.tr]
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CNS.[47,48] In this study, Pb increased cell death in the
PFC of the PbNO3-treated rats compared with the con-
trol. This partly shows the response adopted by the neu-
rons of the PFC in the Pb-treated rats, thus implying a
definite response based on the extent of the insult which
entirely relies on the cellular and genetic composition.
On the other hand, it is possible that this might have
occurred as a result of neuronal plasticity often seen in
the different regions of the CNS due to the alteration in
the ratio of DNA to RNA.[49]

Nissl staining is a quick and easy screen for neurode-
generation and the morphology of the dying neurons can
be suggestive of apoptosis. Consistent with the integrity of
cresyl fast violet as a marker of apoptosis, we observed in
degenerating neurons peripheral deposits of Nissl sub-
stances with features of chromatolysis, suggesting that the
neurons are undergoing apoptotic process. This result
corroborates with the study of Dribben et al.[50]

Withdrawing the rats from further exposure to Pb did
not bring any form of significant improvement in the
cytoarchitectural profile of the mPFC of the rats com-
pared with the control (Figures 4a, 4c, 5a, 5c, 6a and 6c).
This effect in Group C may be due to the fact that Pb
might not be completely metabolized and eliminated off
by the excretory system of the rats in this group, as this
could further generate excitotoxic characteristics in the
neurons.[51] It may as well be suggested that these observed
alterations in the cellular integrity are due to excess Pb
stored in the interneuronal spaces that inhibits oxygen uti-
lization, thus reducing the production of the required level
of ATP through the electron transport chain and modify-
ing the morphology of the neuron to compensate for the
available amount of energy present.[52,53]

Withdrawing the rats from further exposure to Pb did
not bring any form of significant improvement in the
cytoarchitecture of the mPFC compared with the control
group (Figures 4a versus 4c; 5a versus 5c; 6a versus 6c).
This is in agreement with earlier studies that suggested that
cellular improvement from Pb exposure was never com-
plete.[37,50]

Conclusion
Exposure to Pb confers deleterious and toxic effects on
the cellular profile of the mPFC in juvenile male rats.
Furthermore, 21 days withdrawal from further exposure
to Pb does not restore the cytoarchitecture of the mPFC.  
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Introduction
In total knee arthroplasty (TKA), maximum implant cov-
ering on the bone surface minimizes the stress applied to
the bone-implant interface.[1] A good shape match
between the prosthesis and the resected surface of the
knee is reported as an important factor for long term sur-
vival of TKA. Most of the available TKA prostheses are
designed according to the anthropometric data from
American or European populations, which is suspected to
be the cause of mismatch of these prostheses in Asian peo-
ple.[2]

Distal femur anthropometric indices are the main
parameters in the design of knee implants, and are impor-
tant determinants for achieving a well-balanced flexion-
extension gap in a TKA. Several studies studied the distal
femur and reported knee morphometric indices for sizing

the femoral component of knee prostehesis.[3–9] The notch
width index (NWI) and other morphologic parameters of
the knee joint are importantin designing knee prosthe-
ses.[4] However, most of the studies are reports from North
America,[4,5] Europe[6] and Asia.[7–9]

Iranic people are an ethnical group among the Asian
population.[10] However, the number of previous studies on
knee morphometry is limited, there is only one study on
CT scans of 150 patients on some measurements from
distal femur, namely width of the medial and lateral
condyles, anteroposterior length of the lateral condyles,
and intercondylar width.[11] Also, there were no studies in
the literature investigating anthropological parameters of
the bony specimens in the Iranian population. The aim of
this study was to to evaluate whether current total knee
prostheses are proportionally matching to anatomical pro-

Correlation between the femoral trochlear
line – epicondylar line angle and intercondylar
notch width index in an Iranian population 
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Abstract

Objectives: Distal femur anthropometric indices are the main parameters for the design of knee implants. However, there
are several variations concerning the anatomy and congruence of the distal femur in different populations. The purpose of
this study was to identify anthropometric data on the distal femur and investigate the correlation between the trochlear line
– epicondylar line angle and intercondylar notch width index in an Iranian population. 

Methods: Distal femur measurements were performed in 158 knees on bony specimens and 187 MRIs from an Iranian popu-
lation. Intercondylar width, intercondylar notch width, and trochlear line – epicondylar line angle were measured and inter-
condylar notch width index was calculated. 

Results: In bony specimens, the trochlear line – epicondylar line angle was measured as 7.38° and intercondylar notch width
as 19.36 mm. In MRI images, the trochlear line – epicondylar line angle was measured as 6.07° and notch width index as 0.276
mm. Linear regression analysis showed a significant relationship between the trochlear line – epicondylar line angle and notch
width index (p<0.05). 

Conclusion: The results of this study provide fundamental data for the design of knee prostheses suitable for the Iranian
population. 
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files of the Iranian knees by measurements from bones and
MRI images of the femur. 

Materials and Methods
This cross sectional study was performed on 158 cadaver-
ic knees from the Department of Anatomy, School of
Medicine, Tehran University of Medical Sciences,
Tehran, Iran, and on 187 patients that underwent MRI on
one or both knees between October 2015 and April 2016
in Shariati Hospital, Tehran, Iran with institutional ethic
approval. Pertinent demographic and clinical history was
obtained from the existing medical charts. Patients with
knee deformities or dysplasia, connective tissue or hema-
tologic disorders, fractures involving articular surfaces,
prior knee arthroscopy/surgery or osteoarthritis were
excluded from the study.[12] The measurements were per-
formed in the frontal plane in MR images, and in the hor-
izontal plane in bone specimens. Therefore, we did not
make a comparison between the bone and MRI samples. 

According to earlier reports, a measurement of femoral
head diameter less than 42.5 mm indicates a female and a
measurement greater than 47.5 mm indicates a male. A
midshaft femoral head circumference measurement less
than 81 mm indicates a female, while measurements above
81 mm indicates a male.[13,14] Identification of the left and
right femur was based on the anatomical position and
landmarks.[15] Based on these parameters, bones studied
were from 121 males and 37 females. From these, 88 bones
were from the right side and 70 frpm the left side. Knee
MRIs were from 187 patients (91 males, 96 females) from
the Radiology Department of Shariati Hospital, Tehran,
Iran. Of these, 99 MRIs were from the right and 88 from
the left knee.

MRI was performed using a 1.5 Tesla whole body MRI
system (Siemens 1.5 Tesla, Avanto, Germany) with an
extremity coil. Pulse sequences were T1-weighted images.
The direction of axial slice imaging placed the slice per-
pendicular to the femoral mechanical axis in the coronal
plane and perpendicular to the long axis of the femur in
the sagittal plane. Before performing the study, the MRI
was precalibrated to provide a 0% of magnification. All
187 MRI files were reconstructed at 3 mm intervals.[16]

The following knee joint structures were measured:
intercondylar width (ICW), intercondylar notch width,
trochlear line - epicondylar line angle (TEA) and inter-
condylar notch width index (NWI). NWI was calculated
as a ratio of maximum notch width to the ICW.[13] For
bony specimens, angle measurements were made on
photographic images using Digimizer free image analy-
sis software (Version 4.0.0; MedCalc Software,
Mariakerke, Belgium) and a digital caliper was used to
measure the remaining parameters. In MRI images, all
measurements were performed using the MRI device
software.

In bony specimens, the ICW was measured as the max-
imum distance between the internal and external condyles
(Figure 1a). In MRI images, the distal femoral popliteal
groove was observed and the maximum distance between
the internal and external condyles was measured.[17,18]

(Figure 1b).
Intercondylar notch width was measured on the

bones using a caliper and using the software of the MRI
machine in MRI images (Figure 2).

According to the method reported by Souryal et al.,[17]

femoral NWI was calculated by dividing the ICW by the
intercondylar notch width (NW). The NW was meas-
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Figure 1. (a) Bicondylar line in distal femur and (b) intercondylar width on MRI image. [Color figure can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]
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ured as the length between the medial projection of the
lateral condyle and the lateral projection of the medial
condyle of the femur. The ICW was determined by
measuring the line passing through the popliteal groove
and running parallel to the line drawn between the
condylar ends across the most distal aspect of femur.
Both measurements were performed on axial images
(Figure 3). Employing the criteria of Domzalski et al.[18]

a value of 0.27 or more for the NWI was considered as
normal, whereas values equal to or below 0.269 were
considered as low.

The TEA is between two lines: trochlear line as the
line passing through the most anterior points of the
trochlea and the epicondylar line as the maximum distance
between the internal and external epicondyles.[5,19] The
angle between the two lines was measured (Figure 4). 

All comparisons between categories were made using
the v2 test. p≤0.05 was considered to be statistically sig-
nificant.

Results
In bony specimens, the mean ICW was measured as
65.98 mm, 61.33 mm in females and 67.46 mm in males
and females. The NW was 17.9 mm in females and 19.8
mm in males, and 19.36 mm in males and females. The
NWI was 0.292 mm in females, and 0.291 mm in males,
and 0.291 mm in males and females. The mean TEA line
angle was in 7.17° in females, 7.48° in males, and 7.38°
in males and females.

In MRI images, the ICW was 63.92 mm in females,
74.58 mm in males, and 69.11 mm in males and females.
NWI was 17.93 mm in females, 19.98 mm in males, and
18.92 mm in males and females. In bony specimens,
NWI was 0.28 mm in females, 0.268 mm in males, and
0.276 mm in males and females. TEA was 5.76° in

females, 6.48° in males and 6.07°, in males and females
(Table 1).

Linear regression results showed that one degree rise
of TEA decreased the NWI 0.002 units. This relation-
ship was statistically significant (p<0.05). Linear regres-
sion analysis for MRI images showed that for one degree
rise in TEA, NWI decreased by 0.006, and this correla-
tion was also statistically significant (p<0.05) (Figure 5).

Discussion 
Measurements of knee morphometric parameters are
important in the construction, design and selection knee
prosthesis. The aim of this study was to identify clearly
discernible, reliable anthropometric indices of knee that
could be used in construction of prosthesis commonly
used in TKA. To our knowledge, this is the first study to

Figure 3. (a–c) Intercondylar notch width (A) and intercondylar width (B) in bony and MRI specimens. [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]

Figure 2. Measurement of notch width (NW) on MRI.
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Figure 4. Measurement of TEA using Digimizer free image analysis software (Version 4.0.0; MedCalc Software, Mariakerke, Belgium). Trochlear line
(TL) is the line passing from the most anterior point of the trochlea and the epicondylar line (EL) is the maximum distance beween the medial and lat-
eral epicondyles. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 5. Linear regression of NWI and TEA in (a) bones and (b) MRI images. 

Method Variable ICW NW NWI TEA

MRI images Right (n=99) 69.21±6.87 19.06±2.83 0.276±0.036 6.10±1.23
Left (n=88) 69±6.91 18.73±3.09 0.272±0.041 6.20±1.14
Male (n=91) 74.58±4.8 19.98±3.07 0.268±0.028 6.48±1.08
Female (n=96) 63.92±3.85 17.93±2.46 0.280±0.035 5.76±1.05

Dry bones Right (n=88) 65.98±5.35 19.3±2.76 0.291±0.028 7.61±2.22
Left (n=70) 66±5.98 19.44±2.56 0.292±0.028 7.07±1.8
Male (n=121) 67.44±5.14 19.80±2.66 0.291±0.029 7.48±2.12
Female (n=37) 61.33±4.13 17.99± 2.24 0.292±0.025 7.17±1.93

Table 1
Intercondylar width (ICW), intercondylar notch width (NW), notch width index (NWI) and trochlear line – epicondylar line angle (TEA) in bones and

MRI images (mm, Mean ± SD).
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investigate the relationship between NWI and TEA in
normal knees using MRI and dissected bones in an
Iranian population. 

ICW is important in anatomical, clinical, anthropo-
metric and orthopedic parameter, particularly for TKA.
According to our results, ICW was 65.9 mm (61.3 mm in
females and 67.4 mm in males) in bony specimens, and
69.1 mm (63.9 mm in females and 74.5 mm in males) in
MRI images. This variable was 70.6 mm in Japanese,
71.2 mm in Chinese,[20] 70.2 mm in Koreans,[9] and 71.5
mm Germans.[21] This shows a significant difference
between measurements of these studies and the current
study in an Iranian population; however, it can be noted
that distal femur parameters in Iranian population were
closer to German and Chinese populations. 

Intercondylar notch is an anatomic site of interest as
it lodges the anterior cruciate ligament. The morpholo-
gy of the intercondylar notch may be clinically relevant
to anterior cruciate ligament pathologies. NWI is also an
important parameter to estimate knee prosthesis meas-
urements.[22] It is associated with damage to knee liga-
ments and is a useful parameter in knee arthroplasty and
prostheses. So measurements of this variable is very
important.[5,11,23,24] In a recent CT study on an Iranian
population, intercondylar notch width was measured as
20.39±3.4 mm, 21.76 in males and 17.96 mm in
females.[11] These results are similar to our findings of
NW in bony and MRI specimens. 

The average NWI in this study was 0.29 mm. This is
slightly higher than the average NWI in previously pub-
lished papers. Souryal et al.[17] calculated NWI as 0.23,
Anderson et al.[25] 0.26, and results of the study by
Chandrashekar et al.[26] was the closest to the current
study as 0.29. This shows that there is a wide range in
both intercondylar notch width and bicondylar width
measurements, possibly due to the different age, gender
or population of the study groups.

Poilvache et al.[19] measured TEA in 111 knees and
found as 5.38° in females and 4.41° in males. In this
study, in bony specimens, TEA was 7.38° (7.4° in males
and 7.1° in females) and in MRI images 6° (6.4° in males
and 5.7° in females). This value is higher than reported
in the previous studies. 

Conclusion
The findings of this study on distal femur morphometry
will be useful for the design and construction of knee
prostheses for the Iranian population, and also be useful
for clinicians involved in the TKA. 
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Introduction
Liver is highly vulnerable to a wide variety of metabolic,
toxic, microbial, circulatory and neoplastic insults. Liver
diseases may be primary, but more often hepatic involve-
ment is secondary. The liver has enormous functional
reserves, such that early liver impairment is clinically
masked and the progression of the deranged liver function
makes the condition life threatening.[1] Morphologically,
liver responds to injurious events in five different ways,
irrespective of the cause, degeneration and intracellular

accumulation, necrosis and apoptosis, inflammation,
regeneration, fibrosis.[1]

Liver injury may follow the inhalation, ingestion or
parenteral administration of a number of pharmacologic
and chemical agents. These include industrial toxins e.g.
carbon tetrachloride (CCl4), trichloroethylene and yellow
phosphorus, heat-stable toxic bi-cyclic octapeptides of cer-
tain species of Amanitia and Galerina (hepatotoxic mush-
room poisoning), and more commonly, phamarcologic
agents used in medical therapy. Hepatotoxic drugs can
injure the hepatocyte directly, e.g. via a free radical or

Effect of zinc sulphate and Essentiale® Forte 
in managing carbon tetrachloride-induced
hepatotoxicity in adult Wistar rats 

Babatunde E. Arayombo, Olarinde S. Adewole, David A. Ofusori, Taiwo S. Adelodun,
Stephen S. Olusola, Ronald Bejide 
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Abstract

Objectives: The aim of this study was to assess and compare the ameliorative effect of zinc sulphate and Essentiale® Forte
on the histomorphology and lipid histochemistry of carbon tetrachloride (CCl4)-induced hepatic injury in adult Wistar rats. 

Methods: Twenty-five adult Wistar rats, weighing between 150 g and 170 g, were used for the study. The animals were
divided into five groups A, B, C, D and E (n=5). Group A received 0.7 ml/kg of olive oil orally. Groups B, C, D and E were
administered CCl4 (0.7 ml/kg, orally) for 1 week in 1:1 dilution with olive oil. After CCl4 administration, Group C was treat-
ed with Essentiale® Forte (4.5 mg/kg/bw, orally) for four weeks. Group D was treated with zinc sulphate (7 mg/kg/bw, oral-
ly) daily for four weeks. Group E received zinc sulphate (7 mg/kg/bw, orally) and Essentiale® Forte (4.5 mg/kg/bw, orally) for
a period of 4 weeks, while Group B was left untreated. Animals were left for another one week and subsequently sacrificed
under ether anaesthesia. The liver was harvested, weighed and divided into two parts for histological and histochemical stud-
ies. 

Results: Histological analysis showed that treatment of liver with CCl4 caused hepatotoxicity as marked by presence of
inflammatory cells and distortion in the connective tissue fibers, as compared to the ones treated with zinc sulphate and or
Essentiale® Forte which restored the hepatic histoarchitecture and protected the liver tissue from fatty and degenerative
changes. 

Conclusion: This study showed that combination of Essentiale® Forte and zinc supplement offered better ameliorative
effects on the liver of Wistar rats following CCl4-induced hepatotoxicity compared with separate administration of either
Essentiale® Forte or zinc sulphate. 
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metabolic intermediate that causes peroxidation of mem-
brane lipids and that results in liver cell injury.[2]

CCl4 is a colourless liquid, ether-like in odour with a
density of l6 gcm-3 melting point is 22.9°C, boiling point
is 76.7°C and soluble in water at 0.08 g/100 ml (25°C). It is
also soluble in alcohol, ether, chloroform, benzene, naptha
and carbon sulfide. The vapour pressure is 11.9 4kPa at
20°C and refractive index is 1.5. CCl4 has a crystal structure
with tetrahedral shape. It is not flammable, its auto-ignition
tempt is 982°C and LD50 is 2350 mg/kg.[3] It has been
reported to produce free radicals which affect the cellular
permeability of the liver cells, leading to altered level of
serum biochemistry and liver enzymes.[4] In time series,
CCl4 was found to have an atmospheric life time of 85 years
and liver damage inflicted by it has lethal consequences.[4]

Over the years, chronic liver disease (CLD) is one of
the major health challenges, and despite research and
development of various new drugs, morbidity and mortal-
ity accompanying hepatic pathology still remained high.[5]

Prolonged exposure of liver to CCl4 has been researched
with consequent spectrum of chronic liver disease, such as
fatty liver, hepatitis, liver cirrhosis, hepatoma.[5] Liver dam-
age can occur after 24 hours of exposure to CCl4, and in
serious cases this can result in painful swollen liver, ascites,
hemorrhages, hepatic coma and death.[3]

Essentiale® Forte has been for a long time indicated
and used in the cases and management of CLD. It is a 300
mg hard gel capsule that contains de-oiled enriched phos-
pholipids from neutral soya beans. It works by replacing
and regenerating the phospholipids in the liver cell mem-
branes that have been damaged by various means especial-
ly through hepatotoxin. It is mainly made up of poly-
enylphosphatidylcholine from natural soya beans with vita-
mins B1, B2, B3, B6, and B12. The pharmaceutical excipi-
ents are chiefly ethanol (96%), hard fat, hydrogenated cas-
tor oil, ethyl vanillin, 4-methoxyl phenyl ethanone, alpha
tocopherol, gelatin, colouring agents, sodium lauryl sul-
fate, and purified water. 

Zinc is known as an essential trace element necessary
for protein metabolism, as well as membrane integrity and
also involved in the structure and function of over 300 met-
alloenzymes. It has important functions in skin and con-
nective tissue, metabolism as well as in wound healing.[6] It
exerts its antioxidant effects indirectly by maintaining
membrane structures, involving in the structure of SOD,
increasing the metallothionein concentrations and, com-
peting with redox reactive metals, iron and cuprous for
critical binding sites.[7] It is shown that hepatic and serum
zinc levels of patients in liver disease decreased depending
on the degree of liver damage.[8]

This study was thus designed to investigate the effect of
zinc in form of zinc sulphate (ZnSO4) when used separate-
ly or in combination with the long standing known drug
Essentiale® Forte on CCl4-induced hepatotoxicity in adult
Wistar rats. 

Materials and Methods
Twenty-five adult Wistar rats, weighing between 150 g
and 170 g (6–10 weeks old) obtained from Animal Holding
of International Institute of Tropical Agriculture Ibadan,
Oyo State, Nigeria were used in this study. The animals
were housed in plastic cages in a clean environment under
standard laboratory conditions of light, temperature and
humidity, in the animal holding of the Department of
Anatomy and Cell Biology, Faculty of Basic Medical
Sciences, Obafemi Awolowo University, Ile-Ife, Nigeria.
They were fed on standard laboratory rat pellets and given
water ad libitum. Ethical clearance for the study was
obtained from the Health Research Ethical Committee,
Institute of Public Health, Obafemi Awolowo University,
Ile-Ife, Nigeria (Approval number: IPHOAU/12/416).
The animals were given humane care according to the
guidelines of HREC and IPHOAU. 

2.5 liters of CCl4 was obtained from the central
research laboratory of Obafemi Awolowo University. 60
ml of CCl4 was diluted with 60 ml of olive oil in 1:1 equiv-
alent, and this was administered orally at a dose of 0.7
ml/kg. Three tablets of ZnSO4 (20 mg each, Chi
Pharmaceuticals Ltd, Lagos, Nigeria) were dissolved in 60
ml of water and this was administered at a dose of 7 ml/kg.
300 mg Essentiale® Forte capsule (Sanofi Aventis, manu-
factured by Nattermann & Cie GmbH, Cologne,
Germany) was prepared by dissolving a capsule in 60 ml of
water, and was administered at a dose of 4.5 mg/kg all
being freshly prepared on each day of administration. 

The rats were randomly divided into five groups: A,
B, C, D and E (n=5, each). Group A: negative control,
received oral administration of olive oil only; Group B:
positive control, received daily administration of CCl4

(0.7 ml/kg p.o) for 1 week in 1:1 dilution with olive oil
without treatment; Group C received Essentiale® Forte
4.5 mg/kg/day for four weeks after the administration of
CCl4; Group D received ZnSO4 (7 mg/kg/day, orally)
daily for four weeks after the administration of CCl4;
Group E received ZnSO4 7 mg/kg/day for four weeks
and Essentiale® Forte (4.5 mg/kg/day p.o) concurrently
for four weeks, after CCl4 administration. All adminis-
trations were via oral route and the animals were then
monitored for another one week for possible recovery. 

At the end of the experimental procedures, all ani-
mals were sacrificed by cervical dislocation. A midline
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incision was made along the anterior abdominal wall
blood were taken by cardiac puncture, the liver speci-
mens were perfused with isotonic saline, excised, blotted
dry and weighed. Liver tissues were fixed in 10% formol
saline processed for routine paraffin embedding a semi-
quantitative method described by Pilette et al.[9]

Sectioned tissues were stained with Haematoxylin and
Eosin for demonstration of the liver architecture, Masson’s
trichrome stain for demonstration of collagen fibers,
Gordon and Sweet’s silver impregnation method for
demonstration of reticular fibers, and Sudan black B for the
demonstration of lipid histochemistry. Conventional mor-
phological evaluation of the liver tissue was made. Stained
sections were viewed under a Leica DM 750 microscope
(Leica Microsystems, Wetzlar Germany) and digital pho-
tomicrographs were taken using an attached Leica ICC50
camera. The degree of hepatic necrosis and fibrosis were
determined by a semi-quantitative method.[9]

One-way ANOVA was used to analyze the data, fol-
lowed by Student Newman-Keuls test for multiple com-
parisons. Graph Pad Prism 5 (Version 5.03; Graph Pad
Inc., San Diego, CA, USA) was the statistical package used
for data analysis. Significant difference was set at p<0.05. 

Results
There was no significant weight gain in Group B, but a
relative increase in organ weight compared to Group A.
Significant weight gain was observed in all groups except
Group B (Table 1). 

The histological layout of the liver in the control group
stained with Hematoxylin and Eosin, with the cytoplasm
stained in pink and the nucleus stained in purple, showed
parenchymal cells arranged in lobules with the characteris-
tic central vein at the center and portal canals located
peripherally (Figure 1a). The liver cells were arranged in
a branching pattern within which were the sinusoidal
plates. The portal triads contained the bile duct, hepatic
vein and hepatic artery. In the untreated CCl4 group, the

hepatocytes showed features of inflammation with the
presence of inflamed and inflammatory liver cells as seen in
Figures 1b–d; there was also disruption of the normal his-
toarchitecture of the of the liver lobules. There were vac-
uolations, sinusoidal congestion, inflammatory cell infiltra-
tion within the sinusoids and aggregating around the cen-
tral vein in the group treated with CCl4 and Essentiale®

Forte (Figure 1c). However, in the group treated with
CCl4 and ZnSO4, there were areas of sinusoidal congestion
which were not as congested as Group B, the inflammato-
ry cells were less numerous, there was gradual restoration
of the hepatic histoarchiture, though the cytoplasmic
boundaries were not distinctly demarcated (Figure 1d). In
the group treated with CCl4, Essentiale® Forte and
ZnSO4, there were prominent nucleoli within the hepato-
cyte nucleus surrounding the central vein, and the inflam-
matory liver cells were reduced (Figure 1e).

In Masson’s trichrome stainings, the negative control
group presented normal hepatic histoarchitecture as main-
tained with radially arranged sinusoids. In addition, there
was scanty distribution of the collagen fibers around the
central vein as shown in Figure 2a. Collagen fibers were
found aggregated around the sinusoids, close to the central
vein of the untreated group (Figure 2b). There were also
collagen fibers around the central vein and within the sinu-
soids of animals in Group C (Figure 2c). Collagen fibers
in the hepatic tissues of animals in Group D revealed
increased density within the liver sinusoids around the
inflammatory cells (Figure 2d). In Group E, deposition of
collagen fibers around the hepatic vessel and sinusoids
were minimally evident (Figure 2e).

In Gordon and Sweet’s silver impregnation stainings,
regular distribution of the reticular fibers around the
central vein and within the sinusoids of the hepatic tissue
were observed (Figure 3a). The reticular fibers were
observed to be scanty in the untreated group as indicat-
ed by the arrowed area (Figure 3b). In Group C, the
reticular fibers were sparsely distributed as represented
by the arrowed area in Figure 3c compared to the nor-

Groups   Initial Final Change in Absolute Relative

bw (g) bw (g) bw  (g) liver weight (g) liver weight (%)

Group A (Olive oil) 161.2±3.14 165.6±2.42 4.4±2.29 3.35±0.16† 2.10±0.09

Group B (CCl4) 160.4±1.97 160.8±3.06 0.6±1.36*‡ 4.68±0.17*‡ 2.92±0.12*

Group C (CCl4+EPL) 162.2±3.15 170.6±3.63 8.4±1.29† 3.93±0.1 2.42± 0.1

Group D   (CCl4+ZnSO4) 162±2.49 166.2±2.4 4.2±0.80† 4.16±0.09* 2.56±0.17*

Group E  (CCl4+ZnSO4+EPL) 161.8±1.99 167.4±1.72 5.6±0.81† 4.04± 0.10* 2.50±0.16*

*Significantly different from normal control at p<0.05, †Significantly different from toxic control at p<0.05, ‡Significantly different from C, D and E at p<0.05. EPL: Essentiale® Forte

Table 1
Absolute organ weight and difference in body weight (bw) in control and treatment groups (mean±SEM; n=5 for each group).



mal control Group A. Also, there was very scanty distri-
bution of reticular fibers along the central vein and lin-
ing of the sinusoids (Figure 3d). The reticular fibers of
the liver tissue in Group E were completely effaced com-
pared to that in the normal control group (Figure 3e).

In Sudan black B staining (Figure 4a), liver histoarchi-
tecture revealed varying degrees of darkly stained blue-
black areas where the cells appeared to have clumped
together. These are lipid globule depositions in the CCl4

treated Group B as can be seen in the area marked with
arrow and area labeled F in Figure 4b. In contrast, in the
CCl4+ZnSO4 group, the lipid granules were not evident as
shown in Figure 4c. Also, in the other tissue sections

(Figures 4d and e), the lipid granules were not evident
either when compared to the untreated group (Figure 4b).

Discussion 
In this study, data showed that CCl4 toxicity led to a min-
imum increase in organ weight in Group B, while there
was significant weight gain observed in all other groups
similar to the findings of Raza et al.[10] and Teo et al.[11]

Body weight change is one of the parameters used as
indicator of adverse effects of drugs and chemicals.[12]

When animals are anorexic, weight loss is bound to
ensue due to disturbances in carbohydrate, protein or fat
metabolism.[13]
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Figure 1. Photomicrographs of the liver with
Hematoxylin and Eosin stain (×400). (a) Negative
control, (b) Positive control, (c) CCl4+ Essentiale®

Forte, (d) CCl4+ZnSO4, (e) CCl4+ Essentiale®

Forte+ZnSO4 . CV: central vein; DS: dilated sinu-
soids, H: Hepatic cell; HE: Hepatic artery.
Arrows: inflammatory liver cell. [Color figure
can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]

Figure 2. Photomicrographs of the liver with
Masson's trichrome stain (×400). (a) Negative
control, (b) Positive control, (c) CCl4+
Essentiale® Forte, (d) CCl4+ZnSO4, (e)
CCl4+Essentiale® Forte+ZnSO4. CV: central
vein; DS: dilated sinusoids, HA: hepatic
artery. Arrows: collagen fibers. [Color figure
can be viewed in the online issue, which is
available at www.anatomy.org.tr]
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There was also a significant increase in relative liver
weight in group B and this is in agreement with previous
study where there was mild to moderate liver effects
where there was increased liver weight and fatty degener-
ation following intermittent exposure of mice to CCl4.[14]

Treatment with ZnSO4 and Essentiale® Forte pro-
duced regenerative changes and absence of centrilobular
necrosis, indicating that these agents possess hepatopro-
tective property by restoring the hepatic architecture and
protecting the liver tissue from fatty and degenerative
changes. These changes are achievable by prevention of

toxic chemical reaction, lipid peroxidation, micro and
macro vesicular fatty changes, ultimately preventing
necrosis. Hence, the hepatoregenerative effect of ZnSO4

and Essentiale® Forte may have a role in the process of
regeneration and prevention of fibrosis in the long-term
use of Essentiale® Forte. In the CCl4+Essentiale® Forte
group, although the histoarchitecture of liver seemed to
be normal, minimal dilatation in sinusoids were observed.
Changes in the CCl4+Essentiale® Forte+ZnSO4 group were
minimal, almost close to the structures in the normal con-
trol group. This effect may be due to membrane stabiliza-
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Figure 3. Photomicrographs of the liver with
Gordon and Sweet’s stain (×400). (a)
Negative control, (b) Positive control, (c)
CCl4+Essentiale® Forte, (d) CCl4+ZnSO4, (e)
CCl4+ Essentiale® Forte+ZnSO4. CV: central
vein. Arrows: reticular fibers. [Color figure
can be viewed in the online issue, which is
available at www.anatomy.org.tr]

Figure 4. Photomicrographs of the liver with
Sudan black B stain (×400). (a) Negative control,
(b) Positive control, (c) CCl4+Essentiale® Forte,
(d) CCl4+ZnSO4, (e) CCl4+Essentiale® Forte+
ZnSO4. CV: central vein; F: lipid/fat droplets.
Arrow: aggregated lipid granules. [Color figure
can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]
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tion activity of ZnSO4 in combination with Essentiale®

Forte. Results obtained in this study are in agreement
with earlier finding of Yadrick et al.[7] who reported that
zinc exerts its antioxidant effects indirectly by maintain-
ing membrane structures, involving in the structure of
SOD, increasing the metallothionein concentrations
and, competing with redox reactive metals for critical
binding sites. 

Histological observations depict that ZnSO4 along with
Essentiale® Forte showed significant recovery over either
ZnSO4 or Essentiale® Forte alone treated groups. In this
study, combined supplementation of ZnSO4 and
Essentiale® Forte to CCl4-treated rats was found to ame-
liorate hepatic toxicity when compared with the group
treated with either ZnSO4 alone or Essentiale® Forte only.
Essentiale® Forte pretreatment in rats protects hepatocytes
against lipid peroxidation.[15] Similar results were found by
Guiliano et al.[16] with even a positive influence on the sur-
vival rate. It was also shown that hepatic and serum zinc
levels of patients in liver disease decreased depending on
the degree of liver damage.[8]

Therefore, it is assumed that administration of both
ZnSO4 and Essentiale® Forte synergistically act on injury
induced by CCl4. Essentiale® Forte alone also shows a
positive effect, however it is less efficacious compared with
ZnSO4 and Essentiale® Forte combination. 

Conclusion
Combined administration of ZnSO4 and Essentiale®

Forte may be considered more potentially and synergis-
tically therapeutic through preclusion of cellular leakage
mechanism and thereby inhibiting liver toxicity induced
by CCl4. ZnSO4 and Essentiale® Forte have hepatopro-
tective activity against  CCl4 induced liver damage, this
activity could be due to the presence of flavonoids in
Essentiale® Forte and membrane stabilization ability in
both, thereby preventing cellular leakage. 
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Introduction
Many variations have occurred amongst the tools of anato-
my education since the time Greek physician Herophilus of
Chalcedon performed the first scientific dissection in the
early part of the third century BC. Particularly with the
influence of developing technology, dissection has had
increasing alternatives in this journey. These diversified
methods of teaching have been classified essentially into
following categories: dissections made by students; inspec-

tion of prosected specimens; didactic teaching; use of mod-
els; use of computer-assisted learning (CAL); slides and
tapes; and teaching of living and radiological anatomy.[1–4] 

Different students learn anatomy in different ways.[1–17]

Some students prefer learning in pairs, trios or even larger
groups.[3,8,18] However, some students rarely turn to their
peers for help, working happily as individuals.[3] On the
other hand, selecting the method of studying is the main
thing that shapes the study preferences of a student. Within
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the observation of numerous students and educational
sources, these diversified methods of studying have been
classified essentially into following categories: correlation
of adjacent structures; correlation made with clinical or
functional knowledge; studying with anatomy games; stud-
ies made on cadavers; studying topics in small pieces; mem-
orization with codes, tables, lists or flash cards; regular rep-
etition of the studied subject. 

Researchers trying to find the “ideal” method for anato-
my education were mostly focused on what is the best
teaching method for students, and finding the best studying
method for studying anatomy has remains nearly unex-
plored. Thus, this study aims to evaluate the importance of
study methods in student’s success and determine the most
preferred study method.

Materials and Methods
Ninety-seven medical students aged between 19–26
years participated in the study. A structured question-
naire was prepared using Google Forms. All of the par-
ticipants were invited to complete the questionnaire via
e-mail or social media (Facebook, WhatsApp etc.).
Participants that did not respond to the required ques-

tions of the survey were excluded from the study. The
Ethics Committee of Bahçeflehir University endorsed
its approval for the study.

The contents of the survey were divided into three
parts: (i) socio-demographic characteristics of the par-
ticipants, (ii) education system of participants’ medical
school and structure of the anatomy education, and (iii)
study preferences for anatomy. Participants were asked
five questions related with socio-demographic charac-
teristics, followed by 16 questions related with the edu-
cation system and study preferences of anatomy (Table
1). Nine of the questions were related with the educa-
tion system of their school in general or in terms of
anatomy and the rest of the questions were related with
their way of studying anatomy including time spent for
studying, preference for group or individual study,
study materials, and study methods. Descriptive statis-
tics for categorical variables were given with frequency
and percentage.

Results 
Students from various medical schools of Turkey
answered the survey. 68.8% of these respondents were
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Anatomy in the medical school Study methods

What is the educational system of your medical school? How much time do you spend on studying anatomy?

What kind of educational methods are used in the anatomy How do you prefer studying anatomy?
courses of your medical school?

Please rank your chosen methods, starting from one, Please rank your chosen study preferences, starting from one, with one being 
with one being the most preferred. the most preferred. [(Study groups: More than 2 people – 2 people) – Alone]

What is the duration of the anatomy course in your medical What kind of study sources are you using during your anatomy studies?
faculties curriculum?

Considering the the selected time period above; please distribute the Please rank your chosen study sources, starting from one, with one being the most
anatomy topics that have been systematically separated below, according preferred. [Textbooks – Notes that have been prepared by the lecturer – Notes that 
to the year they are covered/going to be covered, from the table. have been taken during the lecture by yourself – Anatomy Channels – Websites – Atlases]

[If your anatomy education is still not finished in your school; and due to this, 
if you have no information about someof the topics, please choose the 
“star (*)” option for them.]

How is the distribution of theoretical lectures to practicals in the anatomy What kind of methods do you use during your anatomy studies?
courses of your medical school?

What kind of teaching method is used mainly in your theoretical lectures? Please rank your chosen study methods, starting from one, with one being the most 
preferred. [Correlating with clinical knowledge] [Correlating adjacent structures] 
[Correlating with functional knowledge] [Studying with anatomy games] [Studying from 
cadavers] [Studying topics in small pieces] [Memorizing with codes] [Memorizing wit 
tables or lists] [Memorizing with flash cards] [Repeating the study regulary]

What kind of tools are used in your practical sessions?

Please rank your selected tools, starting from one, with one being 
the most preferred. [(Cadavers: Dissection – Prosection) – 
Models Plastinated samples – Sections – Specimens] 

Table 1
Questions related with education system and structure of the anatomy education and study preferences for anatomy.



first year students and 8.3% were second year. Rest of the
respondents was 3rd–6th year medical students (22.9%). 

88.6% of the respondents indicated that integrated
medical education was the education system used in their
schools (Figure 1). Systematic anatomy was the main
method (93.8%) chosen for anatomy education.
Topographic anatomy (42.3%), clinical anatomy
(41.2%) and radiological anatomy (33%) were also pres-
ent within the curricula of the schools (Figure 2).

52.6% of the respondents indicated that anatomy
classes were spread through two years of the curriculum,
while 25.8% stated that the anatomy classes were spread
through three years of the education (Figure 3).

38.1% of the respondents stated that 70% of the
classes were theoretical classes and 30% were lab hours.

Rest of the respondents indicated that the distribution of
lab hours was between 45% and 50% (Figure 4).
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Figure 1. Distribution of medical education systems of the medical
schools among the participants.

Figure 2. Distribution of anatomy methods within curricula of medical
schools.

Figure 4. Distribution of theoretical and practical hours of anatomy
among different medical schools.

Figure 3. Distribution of anatomy classes within the whole curriculum.



Plastic models were the most frequent preference for
lab studies (90.7%), followed by prosections (58.8%), spec-
imens (30.9%), and cadaver dissections (21.6%) (Figure 5).

41.3% of the respondents stated that time spent for
anatomy studying was not less than 10–15 hours per
month. Majority of the respondents preferred studying
anatomy alone (86.6%). But this was not the only pref-
erence. 29.9% of the students indicated that they also
preferred study groups which were composed of 2 indi-
viduals (Figure 6).

Slide layouts of the theoretical class presentations were
the leading preference for anatomy study sources (79.9%).
In addition to that, textbooks (61.9%), web based anatomy
videos (55.7%) and anatomy web sites (35.1%) were also
other preferred sources. Moreover, it was a common sense
that is difficult to study without an anatomy atlas (83.5%)
The students were able to prefer one or more of these
sources at the same time (Figure 7).

The distribution of study methods were as follows:
correlation of structures with relations (53.6%), func-
tions (52.6%), clinical situations (30.9%), memorizing
with mnemonics (53.6%), tables and lists (45.4%) and
flash cards (7.2%), and regular repetitions (40.2%). The
students were able to prefer one or more of these meth-
ods at the same time (Figure 8).

Discussion
Study preferences in anatomy is an unexplored and crucial
research field that has the potential to play an important
role in the future of anatomy education. By letting stu-
dents prefer one or more of study methods (correlation of

adjacent structures; correlation made with clinical or func-
tional knowledge; studying with anatomy games; studies
made on cadavers; studying topics in small pieces; memo-
rization with codes, tables, lists or flash cards; regular rep-
etition of the studied subject) at the same time and rank
these methods according to their wish, this study expects
to contribute to the important research field of study pref-
erences. Due to the fact that it is still continuing, evalua-
tion of statistical data was seen unnecessary in this article.
Once the research is complete and all results are gathered,
the statistical assessment shall be done. 

Conclusion 
Despite with only preliminary results, this descriptive study
still shows a glimpse of that potential that study preferences
may lead changes in anatomy curricula in the future.
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Figure 5. Preferences for lab studies.

Figure 6. Distribution of the studying style among the participants.

Figure 7. Distribution of sources for studying anatomy.

Figure 8. Distribution of the study methods of participants.
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The carotico-clinoid foramen (CCF) is an anatomical vari-
ation formed by an osseous bridging between the anterior
clinoid and middle clinoid processes of the sphenoid.[1,2]

When present, the CCF encompasses the internal carotid
artery (ICA).[2] Due to this relationship, retraction of the
ICA in the presence of a CCF may have life- threatening
consequences.[3] Therefore, the carotico-clinoid is fre-
quently noted in neurosurgical literature.

A literature review regarding the CCF reveals numer-
ous manuscripts that either use the eponymous term
carotico-clinoid foramen of Henle or otherwise state that
the CCF was first described by Henle in 1885.[1,4–16]

However, Henle was not the first to describe the CCF.
Although Henle mentions the foramen carotico-cli-

noideum in his 1885 text ‘Handbuch der systematischen
Anatomie des Menschen’, Alexander Monro (primus)
described the CCF over a century earlier in his 1726 text
‘The anatomy of the humane bones’ (Figure 1).[17,18] Monro
notes that anterior clinoid processes are frequently joined
with the posterior clinoid processes or with the “Body of
the Bone itself, by a bony Cross-bridge under which the
Carotide Arteries pass” (Figures 2 and 3).[17]

The erroneous eponym of the carotico-clinoid
foramen of Henle: attribution is due to
Alexander Monro (primus) 

Matthew J. Zdilla1,2

1Department of Natural Sciences and Mathematics, West Liberty University, West Liberty, WV, USA
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Abstract

The carotico-clinoid foramen is an inconsistent anatomical variation created by an osseous bridging between the anterior and
middle clinoid processes that encircles the internal carotid artery. Due to its neurosurgical importance, several articles make note
of the foramen. When describing the carotico-clinoid foramen, articles attribute its first description to Jakob Henle in 1855 and,
likewise, use the eponym carotico-clinoid foramen of Henle. This report presents evidence that Henle was not the first to
describe the carotico-clinoid foramen. Rather, the foramen was first described by Alexander Monro (primus) over a century ear-
lier in 1726. Future studies noting the provenance of the carotico-clinoid foramen should attribute its discovery to Monro.
Therefore, the eponym carotico-clinoid foramen of Henle should be named the carotico-clinoid foramen of Monro.
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Figure 1. Cover page from the first edition of Alexander Monro’s ‘The
anatomy of the humane bones’ published in 1726.
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Furthermore, even Henle’s contemporaries described
the CCF prior to 1855 in anatomical handbooks including
Carl Ernst Bock’s 1849 publication ‘Handbuch der Anatomie
des Menschen’ and Joseph Hyrtl’s 1850 publication
‘Lehrbuch der Anatomie des Menschen, mit Rücksicht auf phys-
iologische Begründung und praktische Anwendung: Histologie,
Knochen-, Bänder- und Muskellehre’ (Figures 4 and 5).[19,20]

Excerpts from the aforementioned texts may be seen in
Figure 6. Further, Hyrtl made note of morphological vari-
ation of the CCF— specifically, that the middle clinoid

Figure 2. Page 122 of Monro’s 1726 text ‘The anatomy of the humane
bones’ which documents the carotico-clinoid foramen and its rela-
tionship to the carotid artery.

Figure 3. Excerpt from page 122 of Monro’s 1726 text ‘The anatomy of
the humane bones’, as seen in Figure 2 that has been enlarged and dig-
itally enhanced. The excerpt notes that the two anterior clinoid process-
es join either the posterior clinoid processes or the body of the bone
forming a bony cross-bridges under which the carotid arteries pass.

Figure 4. Cover page from Carl Ernst Bock’s ‘Handbuch der Anatomie
des Menschen’ published in 1849.

Figure 5. Cover page from Joseph Hyrtl’s ‘Lehrbuch der Anatomie des
Menschen, mit Rücksicht auf physiologische Begründung und praktische
Anwendung: Histologie, Knochen-, Bänder- und Muskellehre’ published
in 1850.
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process could extend toward, touch, or fuse with the ante-
rior clinoid (Figure 6).[20]

In conclusion, this article provides evidence that the
provenance of the carotico-clinoid foramen heretofore
ascribed to Henle is ill-suited. Indeed, the CCF was
described in 1726 by Alexander Monro (primus)– predat-
ing Henle’s description by more than a century.
Therefore, with regard to the eponym, the carotico-cli-
noid foramen of Henle should be renamed the carotico-cli-
noid foramen of Monro.
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Figure 6. Descriptions of the carotico-clinoid foramen (i.e., foramen
carotico-clinoideum) in excerpts from the texts of Carl Ernst Bock’s 1849
‘Handbuch der Anatomie des Menschen’ (A) and Joseph Hyrtl’s 1850
‘Lehrbuch der Anatomie des Menschen, mit Rücksicht auf physiologis-
che Begründung und praktische Anwendung: Histologie, Knochen-,
Bänder- und Muskellehre’ (B).

Correspondence to: Matthew J. Zdilla, D.C. 
Department of Natural Sciences and Mathematics, West Liberty University, 
CSC 139; P.O. Box 295, 26074, West Liberty, WV, USA 
Phone: +1 304 336 8631 
e-mail: mzdilla@westliberty.edu 

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 noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. Please cite this article as: Zdilla MJ. The erroneous eponym of the carotico-clinoid foramen of Henle:
attribution is due to Alexander Monro (primus). Anatomy 2017;11(2):104–106.

Online available at: 
www.anatomy.org.tr

doi:10.2399/ana.17.018
QR code:










	001
	002
	003
	004
	005
	006
	007
	008
	009



