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Abstract '

Alendronate, a bisphosphonates was exammed for inhibitory effect on bone resoption. The
mice were divided into two groups: 107 M alendronate immersed group and saline group. The
tarsal bone to transplanted after immersing in 107 M alendronate for 15 minutes at 37°C.
While the grafted bone disappeared within one month in the control group, 80% of the alen-
dronate-tested bone tissue remained over 14 days postoperation, decreasing slightly thereafter.
The osteoclasts were significantly less in number in the alendronate. These results indicated
that the alendronate inhibits resorption of ectopic bone graft at a concentration of 107 M.

Introduction

In osseous defects resulting from maxillary alveolar clefts
as well as in craniofacial bone clefts and in craniofacial
bone clefts of the palate, regeneraton of bone is of impor-
tance in the morphological and functional restoration. The
most rcliable regenerative bone materials for maxillary
alveolar clefts and cleft palate arc fresh autografts, while it
may cause ill cffects at the donor site such as excessive
blooding pneumothorax, wound infection, and chronic pain
[1]. On the other hand, the resorption of the grafted tissu¢
is a problem. Alenronate, a biophosphonates, is known to
have an inhibitory effect on bone resorption, suppressing
ostcoclastic resorption and are used to treat bone disorders
including metastatic bone disease and osteoporosis [2]. The

antiresorptive action is supposed to the suppression of dif-

ferentiation of osteoclasts from hemapoietic precursors
originated in the bone marrow [3]. The relative contribu-
tion of these mechanisms to the action of biophosphonates
in vivo is not known and may ot be the same for every
individual compound. In the previous studies, the influence
of immersing transplanted bone in biophosphonates was
not considered. This study investigated the effects of alen-
dronate on ectopic bone graft resorption.

Materials and Methods

This study is to investigate the effects of alendronate on the
resorption of the ectopic bone onto graft. C57BL/6J mice

(Jackson Laboratory, Bar Harbor, ME, USA) were used as
experimental animals. They were kept in cages under al-
ternating 12 h light and dark cycle, and fed either a solid or
granulated diet (CE2; Clea Japan, Tokyo, Japan) and water .

_ ad libitum. Mice were divided into two groups of 50 each

(Tablel), 20-day old mice of 30g were used. In the control
group, segments of chopped tarsal bone immersed in salinc
solution were grafled. From 20-day old mice tarsal bone
weighing 1 mg was removed from each mouse and
chopped and the samples were -immersed in 107 M aten-
dronate solution according to the method designed by Ten-
jou et al [4] and Kawata et al [5] while those from the re-
maining 100 mice were immersed in saline solution. Each
bone material was autografted into the subcutis of the body
side. All the operations were made under general anesthe-
sia (Fig. 1). At 7, 14, 21, 28, 35, 42, 49, 56, 63-day-old
postgrafling, 5 mice of each group were examined for
dorsoventral and lateral x-ray examination using an
apparatus (Asahi Roentogen Ind. Co., Kyoto, Japan) and
Kodak Dental Ultra-speed film® (Eastman Kodak Co.,

Rochester, USA) at 20-25kV and 6mA with an exposure
time of 3.0 s. The radiographs of transplantcd bone
volumes were analyzed by an image-analyser programme
(NIH) 1.59; National Institutes of Health, Bethesda, MD,
USA). And then, one mouse from each group was sacri-
ficed under general anesthesia by intraperitoneal injection
of sodium pentobarbital and the bone graft was removed
and fixed in 4% paraformaldehyde. The specimens were
decalcified in 14% EDTA (pH 7.4) for 14 days at 4°C, cm-
bedded in paraffin, 7 um longitudinal sections weie made.

il
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pm longitudinal sections were made. The sections were
stained with tartarate-resistant acid phosphatase (TRAP)
and counterstained with hematoxylin for counting the
number of osteoclasts.

Results and Discussion

With the body weight, diameter f transplanted bone and
number of osteoclasts, analysis of variance (ANOVA) and
Fisher’s test were performed using Stat View® (Abacus
Concepts). There were no significant differences in body
weights-among the two groups througheut the whole ex-
perimental period (Fig. 2), revealing no surgical invasions
and growth retardation.

In the control group the grafted bone remarkably decreased

in area and volume at 14-days postgrafting and disappeared
at about 35 days postgrafting (Fig. 3), significantly less in
all. The alendronate immersed graft, however, showed less
significant decrease in area and volume. These was noted

20% decrease in bone volumes at 14-day postoperation

(Fig. 3). .

The number of osteoclasts was significantly less in the
alendronate treated graft than in controls at 21-days post-
grafting (Fig. 4). Whereas numerous osteoclasts appeared
along the surface of the non-treated grafts at 14 days post-
grafting, decreasing suddenly upto 35 days postoperation
(Figs. 4,5,6). The earlier studies demonstrated the induc-
tion of apoptosis in osteoclasts after treatment with bio-
phosphonates [6,7,8,9,10]. The. apoptotic osteoclasts might
show less active bone resorption. Biophosphonates are
known to have no direct effect on the intestinal calcium

transport [11] or renal calcicium resorption in laboratory .

animals [12], Morever, no effects have been demonstrated
on hypercalcemia due to malignancy in patients [13].

Thus, alendronate may prevent differentiation of osteo-
clasts and/ or induce apoptosis of osteoclasts. The present
study suggests that the bone resorption in early stages of
transplantation is controlled by a local action of alendro-
nate.

Table 1: Summary of experimental animals

Group 0-day 7-day 14-day 28-day

35-day

42-day 49-day 56-day 63-day

Postoperation postoperation postoperation postoperation postoperation postoperation postoperation postoperation postoperation

Saline 5 5 5 5

10-TM
Alendronate 5 5 5 5

Body Weight (2)

N
N)
L

Fig. 1: Bone material was autografted into the subcutate-'
ous layer under general anesthesia. A solid arrow indi-
cates tarsal bone fragment. An open arrow indicates the
subcutaneous layer where the bone fragment should be
transplanted.
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Fig. 2: Changes in body weight. The receiving bones were i

immersed in 10-7 M alendronate (n= 3) or saline (n= 3)
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Fig. 3: Changes in the bone volume of transplanted bone,
as analysed by dorsoventral and lateral x-rays of each
mouse. Significantly different (p<0.01) vs control

The number of osteoclasts
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Fig. 4: Changes in the number of osteoclasts detected by
TRAP histochemically different **(p<0.01) and *(p<0.05)
vs control

Fig. 5: TRAP-positwe cells appeared around the grafted bone (Bo) by TRA P 14 days after bone grafting. Control (4)
andl0-7 M alendronate-treated mouse (B). Arrows indicate TRAP=positive cells. (TRAP activity counterstained with he-

matoxylin, horizontal bar= 50 pm)

Thus it is concluded that the transplanted bone volume in

alendronate-treated mice was substantially higher than that
of non-treated ones. These results suggest that alendronate

inhibits resorption of ectopic bone graft at a condentration
of 107 M.
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Fig. 6: Photomicrograph of transplanted bones (Bo) 28 days after bone transplantation. Contol (4) and 10-7 M alendro-
nate-treated mouse (B). Arrow heads indicate osteoclasts (TRAP activity counterstained with hematoxylin, horizontal bar=

50 ym)
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Abstract

Some luminal epithelial cells are eliminated by cell death such as apoptosis in an involuting
organ. We observed when phagocytes engulfing dying cell appeared in the luminal epithe-
lium as the postpartum uterus involuted. The luminal epithelial cells did not begin to un-
dergo cell death until postpartum day 1. Phagocytes engulfing dying cell in the epithelium
were observed only on postpartum day 2. These observations indicated that dying cells in the
epithelium attracted phagocytes through the basement membrane and then were swiftly and
entirely engulfed by phagocytes for preventing inflammation and autoimmunity.

.Introduction

Following parturition, the weight of uterus shows a rapid
decrease, known as postpartum involution [1]. The post-
partum uterus eliminates rapidly excessive tissues to pre-
pare the next pregnancy. In the mouse, most of the post-
partum involution has finished until postpartum day 3 [2].
In an involuting organ, some cells diminish own cell vol-
ume by autophagy and other cells are eliminated by cell
death such as apoptosis [3]. For preventing the release of
potentially pro-inflammatory and pro-immunogenic intra-
cellular contents, the dying cells must be swiftly and en-
tirely engulfed by phagocytes [4]. For engulfment, phago-
cyte must touch the dying cell by means of receptors
which recognize eat-me signals_elicited by dining cells
[for reviews sce, 5,6,7]. Since the basement membrane
obstructs this contact, dying cell must attract phagocytes
into the epithelium.

By observing an appearance of phagocytes engulfing dying
cell in the luminal epithelium of the postpartum involuting
uterus by an electron microscope, we considered whether
or not dying cell attracts phagocyte. To eliminate forcible
deletion of the luminal epithelial cells by placental de-
tachment and different involuting amounts of with or with-
out fetus, we used the non-pregnant horn of unilaterally
pregnant mice during the first three postpartum days.

Materials and Methods

The animals used were female mice of the IVCS strain.
They were reared 12 hours under light and 12 hours dark
regime and given food and water ad libitum.

At 7 weeks of age, mice were anesthetized with ether, the
right oviduct was ligated with silk thread. After one week,
they were mated. Animals were killed on the day of partu-
rition, two or three days postpartum. Three animals were

killed in the morning of each day. All pups were removed.

on the day of parturition.

After perfusion’ with fixative (Karnovsky solution), the
uterine horn was dissected and cut into small pieces. These
pieces were postfixed in 2% osmic tetroxode in 0.1%
cacodylate buffer (pH 7.5) for 2 h at room temperature.
Tissue pieces were routinely dehydrated through graded
ethyl alcohol and embedded in Epon. Ultrathin sections
were stained with uranyl acetate and lead citrate, and ob-
served with an electron microscope (Hitachi 7000).

Observations

On the day of parturition (Fig. 1), the luminal epithclial
cells were resting on the basement membrane. The nucleus

i
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Eiee

Fig. 1: On the day of parturition. The luminal epithelial cells were resting on the basement membrane. G, Golgi appara-

tus; NC, Nucleolus. Bar=2um

Fig. 2: On postpartum day 1. A lot of large vacuole (small arrow) appeared in the luminal epithelium. Cell undergoing
apoptosis (large arrow) was a few in number. Bar= 2 um



Attraction of phagocyte to dying cells ..... 123

Fig. 3: On postpartum day 2: A cell undergoing apoptosis was surrounded by a long cytoplasmic process (small arrow) of
the phagocyte (PE) in the epithelium. A part of the basement membrane near this cell (large arrow) corrugated. The
phagocyte (P) in the subepithelial stroma had several phagosomes. Bar=2 um

Fig. 4: On postpartum day 4: Many phagocytes (large arrow) which had a phagosome containing a cell undergoing apop-
tosis or apaptotic bodies located in the basal region of the luminal epithelium. The epithelial cell (small arrow) containing
a large vacuole decreased in number. Bar= 2 ym
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Fig. 5: On postpartum day 3: Both phagosome and large vacuole never observed in the epithelium. Phagocyte containing
a phagosome was not observed in the subepithelial stroma. Bar= 2 um

showed relatively oval contour with evenly dispersed chro-
matin throughout the nucleus. A well developed Golgi app-
aratus was noted in the supranuclear region.

Many epithelial cells contained a large vacuole near the
nucleus on postpartum day 1 (Fig. 2). The vacuole was
usually located in the central portion. This vacuole con-
tained myelin figures and electron dense granular material.
A few lipid droplets appeared in the basal region of some
epithelial cells. A few cells underwent apoptosis (Fig. 2).
Their nucleus was fragmented.

On postpartum day 2 (Fig. 3), many electron dense gran-
ules derived from nuclear fragments of the luminal epithe-
lial cell were surrounded by a long cytoplasmic process of
phagocyte in the epithelium. In the subepithelial stroma,
the phagocyte which had several phagosomes containing
filamentous material was observed.

Many phagocytes in the epithelium had a phagosome
which contained a cell undergoing apoptosis or apoptotic
bodies derived from the epithelial cell (Fig. 4). They are
located in the basal region of the epithelium. In this study,
all materials which might have originated from apoptotic

cells was localized within the phagosome of the phagocyte.
The epithelial cell containing large vacuole decrcascd in

number (Fig. 4). Many spherical lipid droplets appearcd in
the basal region of the epithelium.

On postpartum day 3 (Fig. 5), no cell containing a phago-
some or large vacuole in the epithelium was obscrved.
Phagocyte having phagosome could not be observed in the
subepithelial stroma. A wide intercellular spacc appcared
in the basal part of the epithelium. Thick and long cyto-
plasmic processes projecting from the basal side of the
epithelium were noticed. These processes contained lipid
droplets which were similar in appearance to those in the
cell body and were surrounded by the basement membrane.

Discussion

In unilaterally pregnant rodents, the non-pregnant uterinc
horn showed postpartum involution that is slower to that of
the pregnant uterine horn [8,9]. The large vacuolc of uter-
ine epithelial cells, which might have originated due to
autophagy [10], reaches the peak of the observable freque-
ncy on postpartum day 1. The phagocytes which have en-
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gulfed the dying cell I and which n the epithelium con-
tained a phagosome in the subepithelial stroma, respec-
tively appeared only postpartum day 2.

Plassma estradiol levels increase suddenly around parturi-
tion to induce postpartum ovulation, decrease rapidly on
postpartum day 1 and then this low level continues until at
least postpartum day 3 [11]. Reduction of plasma estradiol
from the day of parturition to.postpartum day 1 is similar
to that from prooestrus to oestrus.

Withdraw] of estrogen and progesterone induces apoptosis
in endometrial cell by activation in the and Fas ligand sys-
tem [12]. Reduction of plasma estradiol at oestrus makes a
epithelial cell to undergo apoptosis [13,14]. Therefore,
some epithelial cells in the postpartum endometrium might
undergo apoptosis.

Estrogen enhances uterine epithelial cell production of
colony-stimulating factor-1 which is a chemoattractant for
macrophage [15]. Macrophage accumulates in the subepi-
thelial stroma at oestrus [16] and goes through the base-
ment membrane of the epithelium on postpartum day 2
[17]. Therefore, phagocytes in the postpartum endo-
metrium might migrate along with colony-stimulating fac-
tor-1 gradient.

Reduction of plasma estradiol levels on postpartum day 1
might induce some epithelial cells to undergo cell death
and, -simulitaneously, to secrete a phagocyte chemoattrac-
tant which is synthesized within the epithelial cell by high
estradiol levels around parturition. Phagocytes which mi-
grate into the epithelium on postpartum day 2 recognize
the eat-me signals elicited by dying cell, touch and engulf
them swiftly and entirely. Ours observations suggest that
dying cells might secrete a phagocyte attractant, as yet
unknown, for preventing inflammation and autoimmunity.
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Abstract

Receptor activator of nuclear factor-kB ligand (RANKL) is a membrane-bound signal

- transducer responsible for differentiation and maintenance of osteoclasts. To investigate a
possible relationship between the status of protem phosphorylation and the regulation of
RANKL in osteoblasts, we examined the effccts of okadaic acid, a potent inhibitor of protein
phosphatases, on cultured mouse osteoblastic MC3T3-E1 cells. Okadaic acid increased the
amounts of RANKL protein in a dose-dependent fashion, with the maximum effective
concentration being 100 nM. Okadaic acid at 100 nM stimulated the expression of RANKL
mRNA and protein in MC3T3-E1 cells in a time-dcpendent manner up to 3 b. Okadaic acid
also stimulated the expression of the Cbfal protein,ra transcription factor required for
osteoblast differentiation, in a2 dose-dependent manncr. Binding of nuclear proteins
prepared from MC3T3-E1 cells to Cbfal consensus scquence increased in a time-dependent
manner when the cells had been treated with 100 nM okadaic acid. A 200-fold excess of
unlabelled Cbfal oligonucleotide completely inhibited the DNA-protein complex formation.
Our study demonstrate that okadaic acid stimulate RANKL production in MC3T3-E1 cells,
indicating that the serine/threoniné protein phosphatases play an important role in the
regulation of bone metabolism.

Introduction

Okadaic acid is a toxic polyether fatty acid produced by
scveral dinoflagellates and is isolated from marine sponges
that feed on them [1, 2]. Okadaic acid is a potent inhibitor
of protein phosphatases typel (PP-1) and type 2A (PP-2A)
that dephosphorylate serine and threonine residues of
proteins in the cytosol of eukaryotic cells and increase the
phosphorylation of cellular proteins [3]. The use of this
agert has led to the understanding that the
hospnorylation/dephosphorylation status is related to cell
proliferation and differentiation in mammalian cells [4].
Protein phosphorylation and dephosphorylation arc key
mechanisms in the regulation of cellular metabolism and
functions in various tissues {5, 6]. The level of protein
phosphorylation 'is controlled by the activity of not only
protein kinases but also protcin phosphatases.

The two major processes of bone remodelling, bone

formation and resorption, are rcgulated by osteoblusts and

osteoclasts, respectively [7]. Osteoblasts rcsponsible for
bone formation are derived from multipotential stromal
cells in the bone marrow through a process of prolilcration
and differentiation [8]. Osteoclasts are bonc-resorbing
multinuclear cells that originated from hematopoictic cells

[9). In response to a bone-resorbing stimulant, receptor

activator of nuclear factor-xB ligand (RANKL) is
expressed on the surface of ostcoblasts, which binds to
RANK, a reccptor of RANKL, and n.gulate ostcoclasts
differentiation: [10], RANK is expressed in ostcoclast
precursors and mediates osteoclast formation trough cell-
to-cell interaction [7].  Core-binding factor alpha 1
(Cbfal), which is required for osteoblast diffcrentiation, is
one of the important transcription factors located in the
promoler region of the RANKL gene [11]. Several signals
regulating the expression of RANKL have been reported.
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1a, 25-dihydroxyvitamin D; [la, 25-(OH),Ds] stimulates
the production of RANKL mRNA through vitamin=D
receptor [12], whereas parathyroid hormone (PTH) and
prostaglandin E, (PGE) increase, '

RANKL mRNA by stimulating cAMP production in
osteoblast/stromal cells [13]. Intracellular calcium and
serine/threonine protein kinases such as protein kinase C
also mediate the expression of RANKL in osteoblast [14]},
indicating that various serine/threonine protein kinases are
involved in the signalling pathways for RANKL
production. These findings suggest that RANKL plays
important roles in bone formation and resorption.
However, as the regulation of RANKL and Cbfal in
phosphorylation status in osteoblasts is poorly understood.

Materials and Methods
Materials

Alpha Modified Eagle's Minimum Essential Medium (a-
MEM) was purchased from GIBCO BRL (Grand Island,
NY, USA). Fetal bovine serum (FBS) was obtained from
- JRH Biosciences (Lenexa, KS, USA). Okadaic acid was
purchased from Wako Chemical (Osaka, Japan). Stock
solutions (100 pM), prepared in dimethyl sulfoxide
(DMSO) and protected from the light, were diluted to the
appropriate concentrations with medium. Anti-RANKL
and anti-Cbfalantibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Anti-Cbfal
antibody was also supplied by Dr. K. Yamashita
(Tokushima University, Japan). Tissue culture plastic
dishes were from Falcon Plastics (Los Angeles, GA, USA).

Cells and culture condition

MC3T3-E1 cells were cultured in plastic dishes containing
a-MEM supplemented with 10% FBS, ascorbic acid (50
ug/ml), and B-glycerophosphate (2 mM) at 37 °Cin a
humidified atmosphere of 5% CO; and 95% air. The cells
were subcultured every 3 days by treatment of the cells
with 0.25% trypsin together with 1 mM EDTA in Ca*'-
Mg?-free phosphate buffered-saline (PBS).  For
experiments, 2x10° cells in 10 ml of medium were plated
in 90-mm plastic dishes and incubated for 3 days, at which
time the cells were still subconfluent (~80% of
confluence).

RNA preparation and reverse transcriptase-polymerase
chain reaction (RT-PCR)

Total RNA was isolated from okadaic acid-treated
MC3T3-El cells by use of ISOGEN (Nippon Gene, Tokyo,
Japan), followed by phenol extraction and ethanol
precipitation. * The purified RNA was further incubated
with DNase 1 (Sigma) to digest the contaminating DNA.
cDNA was synthesized by using Ready-To-Go RT-PCR
Beads (Amersham Pharmacia Biotech, Piscataway, NJ,

USA). RT-PCR was performed on the cDNA with the
following sense and antisense primers:

RANKL, 5, 5'-GACATGTGCCACTGAGAACC-3'
RANKL, 3, 5'-CACCTGGTGACCAACATCCT-3'
B-actin, 5, 5*-GTGGGCCGCTCTAGGCACCAA-3'
B-actin, 3', 5'-CTCTTTGATGTCACGCACGATTTC-3'

Each RT-PCR experiment was carried out by using cDNA
generated from 1 pg of total RNA. After denaturation at
95 °C for 10 min, PCR amplification was performed under
the following conditions: 94 °C for 50 sec, 60 °C for 50
sec, and 72 °C for 50 sec, for total of 33 to 35 cycles. The
reaction was terminated after a 5-min elongation step at 72
°C. Amplification products were analyzed on 2.0% agarose
gels and visualized with an UV transilluminator following
ethidium bromide staining. Photographs were taken with a
Polaroid DS-300 camera. PCR products were subcloned
and sequenced to confirm sequence identities.

SDS-PAGE and immunoblotting

After appropriate periods of cultivation, cells were washed
twice with PBS and scraped into lysis buffer containing 1
mM dithiothreitol (DTT), 1 mM phenylmethylsulfonyl
fluoride (PMSF), 1 pg/ml leupeptin, 2 pg/mi aprotinin, and
5 mM EGTA in PBS. The cells were sonicated for 10 sec
with a sonifier cell disrupter, and the sonicates were then
centrifuged for 10 min at 10,000 g. The supernatants were
denatured in sample buffer and heated in boiling water for

5 min. Equal amounts of protein estimated with a protein
‘assay kit (Bio-Rad, Richmond, CA, USA) and prestained

molecular weight markers (GIBCO BRL) were separated
by 12.5% SDS-PAGE and transferred electrophoretically
from the gels to polyvinylidene difluoride (PVDF) transfer
membranes (Immobilon, Millipore, Bedford, MA, USA).
Next, the membranes were incubated in a blocking solution
containing 5% skim milk and 0.05% Tween-20 in PBS
(PBS-Tween) for 2 h at ambient temperature, washed
briefly in PBS-Tween, and incubated overnight at 4 °C
with polyclonal anti-RANKL or anti-Cbfal antibodies
diluted 1:100 or 1:500, respectively. After they had been
washed 4 times within 30 min in PBS-Tween by using a
rotary shaker at ambient temperature, the washed
membranes were incubated with. horseradish peroxidase
(HRP)-conjugated anti goat IgG (diluted 1:10,000) in PBS-
Tween for 1 h at ambient temperature. The membranes
were washed as described above, and the proteins
recognized by the antibody were visualized with an ECL
detection kit (Pharmacia Biotech, Uppsala, Sweden) used
according to the manufacturer’s directions.

Electrophoretic mobility gel shift assay

Nuclear extracts prepared from MC3T3-El cells treated
with or without okadaic acid were analyzed by use of an
electrophoretic mobility gel shift assay (EMSA) conducted
according to the method of Schreiber et al. [15). Nuclear
extraction was performed by using a CelLytic NuClear

‘1.
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Extraction Kit (Sigma) as described in the instruction
manual. The concentrations of nuclear proteins werc
determined with a protein assay kit (Bio-Rad). Double-
stranded oligonucleotide probe.for Cbfal was 3’ end-
labeled with digoxigenin by using a DIG Gel Shift Kit
{Roche Diagnostics, Mannheim, Germany). The binding
reaction was performed as described in the instruction
manual; samples (4 pg of protein in each lane) were loaded
directly onto nondenaturing 4% polyacrylamide/ bisacryl-
amide gels prepared in 0.5xTBE (45 mM Tris, 45 mM
boric acid, 1 mM EDTA). The gels were pre-run for 60
min before the samples were loaded, and electrophoresis
was performed in an ice-cold, water bath for 1.5-2 h at 80

" V. The following 22-bp double-stranded oligonucleotides,
corresponding to 2145-2167 region of the RANKL
promoter, were used in this study (only the top strands are
shown): 5’-GATCCAACCCACAGCCTCCACC-3’. For
competition study, a 200-fold molar excess of unlabeled
Cbfal probe was added to the mixtures.

Results

Stimulation of RANKL protein expression in MC3T3-E1
cells by okadaic acid

To determine whether MC3T3-E1 cells express RANKL
protein in response to okadaic acid, we prepared cell
extracts from MC3T3-E1 cells treated for 3 h with various
concentrations of okadaic acid. Figure 1A shows the
reaction between the antibody and the proteins extracted
from the okadaic acid-treated MC3T3-E1 cells. The anti-
RANKL polyclonal antibody interacted with a band having
an cstimated molecular weight of 40 kDa and the band
intensity increased in a dose-dependent manner with the
maximum effective concentration being 100 nM. In the
cxtracts prepared from the cells without okadaic acid-
treatment the intensity of this band was low. The
corresponding band was not detected when the Immobilon
membranc was incubated with normal rabbit serum (data

12 3 4 5 6

not shown). Okadaic acid at 100 nM also stimulated the
expression of RANKL protein in MC3T3-El cells in a
time-dependent manner up 10 3 h (Fig. 1B).

Expression of RANKL mRNA in MC3T3-E1 cells treated
with okadaic acid

A band of approximately 500-bp corresponding to RANKL
¢DNA was present in the unstimulated MC3T3-E1 cells
after amplification of cDNA for 35 cycles. The RANKL.
mRNA  was not detected in the cells when the
amplification cycles were reduced to 33. The RT-PCR
exponential phase was determined to be from 30 to 34
cycles and so 33 cycles was used 1o allow semiquantitative
comparisons among cDNAs developed from identical
reactions. Figure 2 shows that the expression of RANKL

- mRNA in MC3T3-E1 cells increased in a time-dependent

manner up to 3 h with okadaic acid-treatment. The mRNA
sequence was identical to those of the mouse RANKL

.¢cDNA. The RT-PCR product of B-actin prepared froim the

same cells and amplified for the same number of cycles is
also shown in Figure 2. There were no quantitative
differences in the PCR product of B-actin between the cells
treated with okadaic acid for various times.

Okadaic acid increased Cbfal protein expression in
MC3T3-E1 cells

Figure 3 shows the rcaction between the anti-Cbfal
antibody and the proteins extracted from the MC3T3-El
cells treated for 3 h with various concentrations of okadaic
acid. Staining intensity was weak in the ccll extrazts
preparcd from the cells without okadaic acid-treatment.
The anti-Cbfal antibody interacted with a band having an
estimated molecular weight of 37 kDa, and the leve! of the
staining intensity increased in a dose-dependent manner
with the maximum cffective concentration being 100 nM.
The corresponding band was not dctected when the
Immobilon membranc was incubated with normal rabbit
scrum (data not shown).

|

A =40 kDa

B ‘ Mw «40 kDa

Fig. 1: Identification of RANKL protein in MC3T3-El cells treated with okadaic acid, (4), Cell extracts prepared from MC3T3-E]
cells treated with various concentrations of okadaic acid Jor 3 1 were analyzed by Western blotting. Lane 1,0 nM okadaic acid; lane
2, 1 nM; lane 3, 5 nM; lane 4, 10 nM: lane 5, 50 nM; and lane 6, 100 nM. (B), Cell extracts prepared from MC3T3-E] cells treated
Jor various periods of time with 100 nM okadaic acid were analyzed by Western blotting. Lane 1, 0 Ii; lane 2, 0.5 h; lane 3, 1 h;
lane 4, 2 h; and lane 5, 3 h. The molecular weight of the protein detected by Western analysis is indicated as kDa.
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RANKL

Fig. 2: Expression of RANKL and B-actin mRNA in MC3T3-El cells. Total RNA was prepared from MC3T3-EI cells treated
with 100 nM okadaic acid for various periods of time and the cDNA from the mRNA was amplified for 33 cycles. The
resulting products of semiquantitative RT-PCR were electrophoresed in 2% agarose gels and stained with ethidium bromide.
Lane. M, standard DNA marker (bp); lane 1, treatment for 0 h; lane 2, 0.5 h; lane 3, 1 h; lane 4, 2 h; lane 5,3 h Arrow
indicates 500 bp. Upper panel, RANKL; bottom panel, f-actin.

1 2 3 4 5 6

o w4 37 kDa

Fig. 3: Identification of Cbfal protein in MC3T3-El cells treated with okadaic acid. Cell extracts prepared from MC3T3-
EI cells treated with various concentrations of okadaic acid for 3 h were analyzed by Western blotting. Lane I, 0 nM okadaic
acid: lane 2, 1 nM;: lane 3, 5 nM; lane 4, 10 nM; lane 5, 50 nM; and lane 6, 100 nM. The molecular weight of the protein
detetted by Western analysis is indicated as kDa.

A B
|

Fig. 4: Okadaic acid stimulates nucleoprotein complex formed with consensus Cbfal site. (A), The Cbfal consensus
nucleotide was incubated with nuclear extract prepared from untreated MC3T3-El cells (lane 1) or from those treated with
100 nM okadaic acid for 10 min (lane 2), 30 min (lane 3), 1 h (lane 4), and 3 h (lane 5). The Cbfal probe was also incubated
without any extract (lane 6). Arrow indicates DNA-protein complex. (B), The Cbfal probe was incubated with the nuclear
extract of MC3T3-El cells treated for 1 h with 100 nM okadaic acid (lane I). For demonstrating the specificity of protein
binding, a 200-fold molar excess of unlabelled Cbfal consensus oligonucleotide (lane 2) was added to the nuclear extract of
okadaic acid-treated MC3T3-El cells. Arrow indicates DNA-protein complex.

Binding of Cbfal oligonucleotide to the nuclear proteins ins interacting with the RANKL promoter, we performed
from MC3T3-El cells treated with okadaic acid an EMSA using a 3’end-labelled 22-bp DNA probe for

Cbfal and the nuclear extracts from MC3T3-El cells.
Cbfal is one of the important transcription factors and Figure 4A shows the binding activity of the nuclear
binds to the sequence located in the promoter region of the  proteins of MC3T3-E1 cells toward the Cbfal conscnsus
RANKL gene. In an attempt to detect DNA-binding prote- sequence. Nuclear proteins prepared from the cells without
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okadaic acid-treatment did not form a DNA-protein
complex when incubated with the labeled Cbfal consensus

oligonucleotide (lane 1). Binding of Cbfal to the consen- -

sus oligonucleotide sequence increased in time-dependent
manner when the cells had been treated with 100 nM
okadaic acid for 10 min (lane 2), 30 min (lane 3), 1 h (lane
4), and 3 h (lane 5). The nucleotide did not form DNA-
protein complex if nuclear proteins were not added to the
reaction mixture (lane 6). Figure 4B shows that the
complex was specific for the Cbfal probe. A 200-fold
excess of unlabelled Cbfal oligonucleotide inhibited the
binding of this probe to the nuclear extracts from MC3T3-
E1 cells treated with okadaic acid (Fig. 4B, lane 2).

As was a case described in Figure 4A, nuclear proteins
prepared from cells treated for 1 h with 100 nM okadaic
acid bound to Cbfal oligonucleotide (Fig. 4B, lane 1).

Discussion

The level of RANKL mRNA and RANKL protein was
low in the unstimulated MC3T3-El cells under the
conditions used in the present study, which is accord with
the previous reports [16]. In the present study, we
examined the expression of the mRNA and proteins of
RANKL in MC3T3-El cells treated with okadaic acid.
Okadaic acid stimulated the expression of the mRNA and
protein of RANKL in MC3T3-E1 cells in dose- and time-
dependent manners. It was reported that osteoblastic cell
lines and cells isolated from calvaria expressed higher
levels of RANKL protein after treatment with cytokines or
hormones including 1a, 25-(OH), D;, PTH, or interleukin
(IL)-6-type cytokines [16]. However, it has been reported
that RANKL mRNA and protein were expressed at higher
levels in immature osteoblasts at the confluent stage and
decreased as the cultures progressed to the mineralization
stage [17]. A recent study indicated that intracetlular
calcium and serine/threonine protein kinases such as PKA
and PKC regulated the expression of RANKL protein in
osteoblasts [14]. The activity of PP-1 and PP-2A in
mammalian cells has been shown to change in response to
various extracellular signals [18]. Such changes in
MC3T3-El1 cells might modulate RANKL production.
One or more of these factors may involve in the pathway
for RANKL production in MC3T3-E1 cells. It might be
possible that okadaic acid increased the production of
RANKL by inhibiting PP-1 or PP-2A. However, the
detailed mechanisms of okadaic acid-regulation of
RANKL gene expression in MC3T3-El cells are still
obscure.

Cbfal is"a transcription factor required for osteoblast
differentiation [19]. In mice lacking Cbfal gene, osteobla-
sts are absent; and the number of osteoclasts is severely
reduced [19]. The RANKL promoter contains two poten-
tial Cbfal binding sites, known as osteoblast-specific
element 2 (OSE2) [20]. Based on these studies, we hypo-
thesized that Cbfal is involved in the stimulation of
RANKL production by okadaic acid. We found that

okadaic acid stimulated the expression of Cbfal protein.
Moreover, by using the EMSA we demonstrated that
Cbfal consensus sequence was able to bind to the OSE2-
like site in RANKL promoter region. These results
suggest that the production of RANKL by okadaic acid
resulted from the binding of Cbfal to the promoter region
of RANKL gene. However, whether Cbfal regulates the
production of RANKL directly or indirectly remains
unknown.

There are conflicting reports about the effect of okadaic
acid on bone metabolism. For example, okadaic acid
inhibited calcium release from neonatal mouse calvaria
stimulated by PTH, la, 25-(OH), Ds;, PGE,, or 12-O-
tetradecanoylphorbol-13-acetate [21, 22). These reports
indicated that okadaic acid inhibited bone resorption and
suggested that protein phosphatases may,play a role in
bone resorption processes. Okadaic acid also inhibited
alkaline phosphatase activity and collagen production in
mouse and human osteoblastic cells, 2 phenotypic markers
directly linked to osteoblastic differentiation and bone
formation [23]. However, in a previous study, we dem-
onstrated that okadaic acid at 5 nM increased alkaline
phosphatase activity in MC3T3-E1 cells [24], indicating
that lower concentration of okadaic acid stimulates bone
formation. It was reported that okadaic acid at 60 nM
stimulated osteopontin expression through de novo
induction of AP-1 transcriptional factor in osteoblastic
cells including MC3T3-E1 [25]. Lower concentration of
okadaic acid enhanced cartilage formation in mesenchy-
mal cell cultures and elevated the activity of cAMP-
dependent protein kinase [26]. Okadaic acid also acts as a
regulator of alkaline phosphatase activity at a point
downstream from protein kinase C in MC3T3-E1 cells
[27]-

In previous reports we demonstrated that long-term
treatment (48-72 h) of 10 nM okadaic acid caused
apoptotic cell death in osteoblastic cells including
MC3T3-El [28-30]. Okadaic acid at 100 nM inhibited
protein synthesis and induced phosphorylation of PKR and
elF-2 proteins within 3 h in osteoblastic MG63 cells
whereas at a lower concentration (20 nM), okadaic acid
did not affect the level of the phosphorylated PKR
(Morimoto et al, submitted). These findings suggest that
okadaic acid at higher concentration may inhibit
dephosphorylation of specific proteins including PKR and
elF-2 and induce RANKL or Cbfal proteins. Since
okadaic acid inhibits PP-1 and PP-2A at different
concentration [6], the opposite effects of okadaic acid on
apoptosis and bone metabolism may be derived from the
concentrations of okadaic acid used and okadaic acid-
treated time or the combination of the inhibited enzymes.
Further studies are necessary to elucidate these points. In
conclusion, our study demonstrated that okadaic acid
stimulated RANKL production in MC3T3-El1 cells,
indicating that the serine/threonine protein phosphatases
plays a positive role in bone formation by regulating
RANKL production.
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Abstract

The estimation of percentage of total body fat had been conducted by measuring skinfold thick-
ness (SFT) at two sites (2 SFT- triceps and subscapular) and four sites SFT (4SFT-biceps, tri-
ceps, subscapular and suprailiac) with the help of Harpenden’s caliper. A total of 169 (M 106, F
63) young students with moderately sedentary lifestyle, age range varying between 17 to 25 years
(Mean + SD for M 19.31 +1.91 for F 19.19 +1.77) of Banaras Hindu University, India. Their
height, weight, BMI were measured, calorie intake and physical activity pattern were estimated
by questionnaire method. It was observed that distribution of fat at trunk region were more
than the upper limb. Body fat percentage estimated either by 2SFT or 4SFT method was higher
in females. Estimated mean percentage of body fat in females both by 2SFT and 4 SFT were
19.51+ 2.59% and 26.46 + 2.60 % respectively and in males 13.12+ 2.60% and 14.81 + 2.04 %
respectively. Mean daily calorie intake in kilocalorie of females and males were 2034.83 1618.80
respectively. The 4SFT of females in millimeter were 8.021+2.47, 15.62+3.41, 17.67 + 3.61 and
21.02+4.69 respectively whereas for male the same were 4.77+1.39, 9.01+ 2.98, 12.75 * 3.93 and

16.03+5.63 respectively. It was concluded that for females 4 SFT was superior method but for -

males both methods may be used for the age range covered in the study for estimation of body

fat percentage.

Introduction

The importance of assessment of fat content of human
body lies in both disease and health including appraisal of
physical fitness level. The percentage of body fat may in-
fluence morbidity and mortality and aiso play an important
role during alteration of environmental temperature as well
as during starvation. Moreover, certain extra quantity of fat
is helpful for sportsman participating in swimming (helps
in buoyancy) especially in cold water channel swimming
(helps in buoyancy and body temperature maintenance),
and in body contact games like wrestling football etc.
whereas little lower percentage of body fat helps in better
performance in gymnastics, short distance run, kho-kho,
badminton etc. The excess body Jfat in physically less ac-
tive persons predisposes many diseases like coronary ail-
ments, hypertension, diabetes mellitus, exacerbation of
osteoarthritis etc. The low fat content however, is noted
during insufficient intake of nutrients in individual with

predominantly ectomorphic hereditary character, suffering
from chronic diseases including severe debilitating dis-
eases and in anorexia nervosa. Though a moderately satis-
factory estimate of body fat may be roughly assessed from
height and weight and compared with the standard norms
but for precise evaluation several methods are employed to
portray a reasonably accurate measure of total body fat.
Most of such methods are based on assumption that the
body may be considered to consist of two compartments
[1] body fat which includes the entire contents of chemical
fat and lipids [2]. Fat free mass (FFM) which includes the
rest of body tissues apart from fat.

The fat compartment is anhydrous, contains no potassium
with a fairly constant density of about 0.90 x 10’ Kg/m’.
The fat free compartment on the other hand, presumably
has a fairly constant density of about 1.10 x 10° Kg/m’
with potassium content of approximately 68 meg/Kg in
males and about 10% less in females and water content of
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approximately 720 gm/Kg. Therefore, by measuring body
density or total body water and subsequently body fat and
FFM can be calculated. However, relatively high and low
proportion of bone development in an individual may un-
der- or overestimate the fat content by these methods as
bone has a low water and potassium content but having
high density compared with rest of FFM. The above meth-
ods of estimation require complex, costly laboratory
equipments and therefore, a comparatively simple tech-
nique has been tried by several research workers. Durnin
and Rahman [1] reported that relationship between body
density and skinfold thickness (SFT) noted fo be suffi-
ciently uniform and regression equation as well as tables
could be constructed to calculate individual’s total body
fat. However, Gray et al [2] observed that body fat and
SFT equation as well as bio electrical impedance tended to
be under-estimated when compared with total body fat
calculated from underwater weighing including total body
water content in most obese subjects. It is however, noted
regarding body fat content that several influencing factors
like age, sex, occupation, physical activity, environmental
conditions, socio-economic status, types of food predomi-
nantly taken also come into picture. Therefore, the general-
ized equation for assessing the fatness is extremely diffi-
cult. There are other methods also to assess the body fat
percentage like bio electrical impedance technique and
dual energy x-ray absorptiometry.

However, easier, cheaper, less time consuming SFT at
various sites have become more popular for estimation of
fatness. The data of SFT and body fat percentage in Indian
population groups from various parts of the country are not
easily available [3,4].

The present pilot study was therefore, undertaken to assess
the body fat percentage by measuring SFT at two sites
(2SFT-triceps and subscapular) and four sites (4 SFT-
biceps, triceps, subscapular and suprailiac) were compared
with earlier studies [5,6].

Methodology

The present study was conducted with prior consent on a
total of 169 (M 106, F63) young students, age varying be-
tween 17-25 years of Banaras Hindu University, India. It
included MBBS students (n-84; M 73, F 11), Bachelor of
Ayurvedic Medicine and surgery (BAMS) (n 49; M 33,
F16), Home science students (HSS) (n 12; all females) and
nursing course students (NCS) (n 21, all females).

The height was measured with a precision of 0.5 cm in

standing posture and head in Frankfurt’s plane. The weight
was measured by weighing machine having standard plat-
form type (The India Machinery Company Ltd. Dassnagar,
Howrah, India) and recorded to the nearest of 0.1 Kg with
minimum clothing and without footwear. The skin SFT
was measured by Harpenden’s caliper (Holtain Ltd. Brybe-
rian, UKK.) with a consistent and uniform pressure of
10gm/mm’ with contact area of 0.1 mm at the following
four sites biceps, triceps, subscapular and suprailiac at the

right side of the body. All SFT were measured within four
seconds of application of calipers, to avoid the displace-
ment of subcutaneous interstitial water causing under-
estimation of SFT [7]. Biceps SFT was measured at the
midpoint of the belly of biceps muscle, while the right arm
pendant. Triceps SFT was measured at the level of midway
between acromion process of scapula and olecranon proc-
ess and subscapular SFT at about 20 mm below the tip of
scapula at an angle of 45 degree towards lateral side of
body i.e. skinfold directing downward and outwards like
ribs. Suprailiac SFT was measured at approximately 20
mm above right iliac crest at mid axillary line so that the
skinfold runs forward and slightly downward.

The percentage of body fat was calculated by using two
methods (I) 4SFT method (Table by Deurenberg et al
1990[6]) (biceps, triceps, subscapular and suprailiac) (2)
2SFT. method (McArdle et al 1996[8]. The following equa-
tions were used for calculation by 2 SFT method.

For young woman between 17 to 26 years, % body fat =
0.55 (A) + 0.31 (B) + 6.13 for young man between 17 to
26 years, % body fat = 0.43 (A) + 0,58 (B) + 1.47 Where A
= triceps SFT (mm) B= Subscapular SFT (mm)

Results

The boys had significantly higher weight and BMI than
girls (P<0.001). The SFT at all four sites as well as percen-
tage of body fat were significantly (p<0.001) higher in
.girls than boys. Total daily calorie intake was significantly
higher (p<0.001) in boys than girls (Table I)). Both the
groups were sedentary as per guidelines by Indian Council
of Medical Research (ICMR).

Table I: Physical characteristics, skinfold thickness,
percentage of body fat and daily total calorie intake
of healthy subjects of both sexes

Girls Boys ‘p’
(n=63) (n=106) value
Age (year) 19.31 ¢ 1.91 19.92 +1.77 <0.001
Height (cm) 155.19+ 5.88 170.85+5.89  <0.001
Weight (Kg) 48.42 + 5.91 61.18 £ 5.92 <0.001
BMI (Kg/m?) 20.1142.89 20.9712.44 >0.05
SFT (mm)
Biceps 8.02+247 4.77+1.39 <0.001
Triceps 15.62 £ 3.41 9.01+298 - <0.001
Subscapular 17.67 £ 3.61 12.75 £ 3.93 <0.001
Suprailiac 21.02 +4.69 16.03 + 5.63 <0.001
Sum of 4 SFT 60.07+ 12.66 40.88£10.02  <0.001
Percentage of 19.51+2.59 13.12£3.27 <0.001
Body fat by 2
SFT
Percentage of 26.46 + 2.60 14.81 £2.04 <0.001
Body fat 4 SFT
Total Calorie 2034.83+489.89  2655.911618.80 < 0.001
intake (Kcal/day)

All the subjects were maoderately sedentary

|



11

135

0 1 vy 1 (g9=u)sofewoj  BLAILD OHM
1 € 06 41 (901=1) S9lEN
(66T (6¥2-5'81) (581 >)
(0£)9sq0 -§7) W A0 WM JewoN Srom Japuf)
4 S 6€ L1 (£9=U) sojewa]
4 €1 LL 4! (901=U) SO[RIN  BURID UBISY
(sz9) (6'v2-"€7) (6'7Z-5'81) (s'81>)
35290 ySM PAQ 1Y319M [BULION 1q31om Japu()

DRI OHM PUp UvISy 4q aﬁ\uktgm 221f3 03 3UIP10IOD

swafgng Jo uonnqrysid € 21901

"2]qD]IDAD JOU SDM DIDP Sutpuodsa.109 200ds yuvjq Ul«

1 1
oOTFOV9T  69PFLONT  EFLILL  VEFIYSI TF08  16°STIY'Sy  88'SFOISST €9 16'1F1€°61 Jewdy
‘ €
YO'TFISYL  €9'SFEO91  GEFSLTL  86TFIO6 6CTFLLY  T6STRII9 68 SFS8OLL 901 LL'TFC6'61 e ApmgIud
0'SFh'SE OLFOYT  S8FET  L9FUIT 9'9F0'¥1 9117695  TETFISSI LE 6CIF6EE  dewRd
e
oLFEIT  90IFETT  8'8¥8'81 8LFIV] goFeeg  eEIIFYTI £TFY 991 98 6'11¥C'8T SlEIN  ‘IIPd MON 100T 1B B el
- - g9FS Pl OSFSLI - 96'LFVY'9S - ¥y 0SS F8YC  dlBWd]
- = T9REST LyFtel - LVIFLSVL - 1s Py F69°€T e VSN 9861
ICIFLTIT OTIFOST 6LOFLOTL  68°0F6'S1 S9°0FLL LWIFLL9  STTIFL691 174 9€'0F8'91 Jrewd
Spue[1d
86'0F76't1 61FCPL P6°0FL6  1T1FS01 L'0F9'S £ETFETL 1'1¥5°081 1Z 6£'0FS°L1 MW ‘0661 & 10 312qual
001706  0TIFO8T  O1IF0'81 00101 S'LFIT YIFE19 1'9F€91 001 62-0c  dlewsi
8'LF0'9C £67091  v6FO¥L  0'8F091 P'SFL'S 6'01F8°LS 9'6FE91 62 61-91 aewa]
0'LF0°st 0'TIF091  6'8F07C1 8'S¥86 (%% 4 TTIFIOL 69°0FLL1 6 62-0C JEN
0'LF0°S1 0TIFOY1 S9F0IT  OLFO1L 0'eFoY 191FI'EL $0°0F8L1 124 61-L1 SBN N ‘pLE AJISIOWOM P U
961 (4:14 971 - - - IS €C e
0've 9'tE y'et - - - €8¢ _ 61 SlEN
]
¥'6 L1 (44! - - - bl 81 AN ‘yreSipueyD vL61 NI A
() () (wo)
ey Apoq IS Js sdadta ], sdonig SO W3PH u adv xa§ A1juno)/1ea x /ioqny
30 %

Assessment of body fat in young males and females.......

stoynp »:Euhw,u Aq parsodss aSmuassad 1vf dpog puv SIS qyStam ‘Y819 T 219VL



136

Kumar/ De

Discussion

From above observations it was revealed that in both sexes,
suprailiac SFT was highest followed by subscapular, tri-
ceps and biceps in decreasing order (Table 1)

Females had significantly higher (p<0.001) SFT at all
above four sites as well as calculated percentage of body
fat. Such observation was also reported earlier [4,5, Table

2]. As it is well known that in females, there is predomi-

nance of estrogen which favors the fatness. Further, fe-
males had lower surface area and overall lower physical
activity pattern than males.

When SFT measurements of present male group were
compared with those reported by Deurenberg et al 1990
[6], it was observed that SFTs of present group at biceps
and triceps were lower than the above study. (Table 2)
However, SFTs at subscapular and suprailiac of present
study were significantly (p<0.05) higher than those of post-
pubertal boys of above study from Netherlands. Females of
present study had approximately similar SFT at biceps and
triceps as reported in above study. The SFT at subscapular
and suprailiac in females were significantly higher
(p<0.05) than those of reported study. Such findings were
probably because of increasing trend in deposition of fat
over the trunk region with increase in age. Moreover, per-
centage of body fat was also significantly higher (p<0.05).
SFT of present subjects when compared with male subjects
of similar age group from Glassgow (Durnin and Womer-
sley, 1974%), it was observed that in male biceps.SFT was
almost similar whereas at triceps jt was higher than present
group. Further, lower SFTs were noted at subscapular and
suprailiac regions in Glassgow study though the difference
was not significant (p>0.05). Percentage of body fat how-
ever, was noted to be similar in both the studies (Table 2).
In females, SFTs at biceps and triceps were almost similar
to present study but at trunk region i.e. subscapular and
suprailiac, lower SFTs were reported. Difference however,
was not significant (p>0.05) indicating at similar age group
distribution and percent of body fat in subjects of both the
countries were approximately similar.

SFTs of present study when compared with those from
New Delhi people of age range 18 to 75 years [4], it was
observed that all the four sites SFT were higher in males
and females than those of present study. Such finding was
probably due to higher mean age group as well as higher
nutrition status.

Further, SFTs at present study when compared with males
of different age groups from Chandigarh [3] it was noted
that 18 year age group male had higher triceps and sub-
scapular but lower suprailiac SFT than male subjects of
present study. In 19 year age group, higher SFT at all the
three sites (Triceps, Subscapular and suprailiac) were noted
whereas 23 year age group males of Chandigarh had higher
triceps and subscapular SFTs but lower suprailiac SFT
(15.6). Such trend of increase in distribution of body fat
further substantiated that with the gradual increase in age,

trunkal fat was also increasing. While consideﬁng the per-
centage of body fat calculated by 4 SFT and same calcu-
lated by 2SFT and then compared it was observed that fat
percentage estimated by 4SFT in female was significantly
higher than 2 SFT method. Further, percentage of body fat
estimated by 4 SFT were comparable with the data of simi-
lar age group with moderately sedentary habits like our
subjects as reported by Durnin and Womersley [5]. How-
ever, the body fat percentage in postpubertal school girls
with lower mean age (F 16.8 + 0.36) by Deurenberg et al
1990° was lower than present study. The subjects of
higher age group had shown higher fatness as also noted by
Dudeja et al [4] indicating more accumulation of fat with
the increase of age. It was interesting to note in-present
study that 4SFT fat estimation when compared, it was ob-
served that females had shown higher 4SFT mean value
(26.46 -t 2.6) than 2SFT (19.51 + 2.59) showing a signifi-
cantly lower value (p<0.001). Between the two methods of
fat estimation, it was therefore concluded that for females
4SFT was superior method and therefore, may be used for
the age range covered in the study.

Triceps and subscapular SFT when compared with those of

the study of Shaw [9] in Houston USA covering higher age
group, it was observed that male subjects of present study
had lower SFT than above study indicating lower fat per-
cent in ouf subjects. In females, present study whereas had
lower SFT at triceps but higher at subcapular region than
the subjects of above study indicating less distribution of
fat in upper limbs and more in trunk region in our subjects.

The mean values of percentage of body fat either by 2SFT
or by 4SFT and BMI may be used for identifying under-
weight, normal weight, overweight or obese. However,
both the values of an individual are to. be compared and
correlated. In the present study out 6f 106 males 4 had
shown obesity (BMI > 25, Asian criteria [10] Table 3) but

body fat percent calculated by 4SFT had shown only one.

obese male (Fat % > 20%) and out of 69 females according
to BMIL, 2 were obese whereas 4SFT method showed 5
obese (Fat % > 30%). Therefore estimation of fatness in
males by only BMI, obesity was overestimated whereas in
female obesity was underestimated.
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Abstract

The expression and distribution of aromnatase cytochrome P450 in the brain of the developing
mouse were investigated with techniques of RNA Dot-Blotting and in situ hybridization. These
methods were employed male mouse tissue by using a Digoxingin-labeling (DIG-labeling)
c¢RNA probe that was transcribed in vitro from the human placental aromatase ¢cDNA. The
results revealed: (1) Aromatase specific nRNA was presented in the brain tissue from embry-
onic day 16 (E16) to postnatal day 300 (P300), with higher Ievel at the fist two postnatal weeks
and the highest level at postnatal 6 days (P6), the lowest level emerged at adulthood and old
age. (2) The location of the aromatase mRNA was confined to neuron cell bodies and their
processes. The mainly distribution of aromatase mRNA were detected in the regions of the
cercbral cortex, hippocampus, thalamus, hypothalamus and large part of nucleus in limbic
system. Many heavily labeled cells were found in the layer of pyramidal cells of cerebral cor-
‘tex, pyramidal layer of hippocampus, medial preoptic area, medial septal nucleus, amygdaloid
nuclei, cingulate cortex, piriform cortex and periamygdaloid cortex. The moderate dense sig-
nals presented in several thalamic and hypothalamic nuclei such as ventromedial nucleus, ven-
trolateral nucleus, laterodorsal thalamic nucleus, paraventricular nucleus, and etc. These data
indicate that aromatase mRNA revealed an ontogenestically regulated pattern of expression.
The first two postnatal weeks may be a key stage for sex differences of brain, especially of
hippocampal plasticity and function. High levels of aromatase expression in regions of cere-
bral cortex and hippocampus may deal with the modulation of sex dimorphism in memory

and cognition function.

Introduction

Aromatase, named estrogen synthase, is the last key en-
zyme to catalyze the conversion of androgen to estrogen. It
is a member of the P450 cytochrome family encoded by
gene CYP19(15q21.1) [1]. The aromatase cDNA has been
cloned in humans and several other species with high ho-
mology (>80%) with human and mouse. Aromatase gene
contains ten exons, the coding region of the transcripls
spans nine exons beginning with exon I, and is associated
with an untranslated first exon ( exon I) that varies among
different tissues, which results in the same protein being
finally expressed in all tissues (ovary, placenta, brain,
liver, skin, fibroblasts, adipose tissues and ect.) [2,3,4].
The tissue-specific regulation of aromatase transcription is
due to the existence of tissue-specific promoters exon 1. In
the past 30 years, Nafiolin et al created and confirmed the
foundation for thc brain aromatization hypothesis that

many of the cffects of androgens on ncural cell differentia-
tion are mecdiated by the local formation of estrogens by
the aromatasc enzyme [5,6]. During the devclopment of
central nerve system, local estrogen formation influences
the sexual differentiation of neural structures and modu-
lates neuroendocrine/reproductive functions and sexual
behavior [7-10]. In recent years, it has been found that cs-
trogen is involved in the control of motor and cognitive
functions or acts as a protective factor for ncurodegenera-
tive disorders [11-13]. Studies of the distribution and the
effects of brain aromatasc gene expression have led to a
new perspective on the control of brain function [14].

Aromatase activity was found in many regions of the rat
brain. In vitro enzyme activity assays have demonstrated
high level of aromatase activity in the bed nucleus of the
stria terminalis (BNST), the medial preoptic area (MPO),
and the media! and cortical amygdaloid nuclei (MAMY

|
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and CoAMY). Intermediate level of aromatase activity was
found in the anterior hypothalamus and the ventromedial

hypothalamic nucleus (VMN). In other regions such as
caudate-putamen, hippocampus, "and parietal cortex, the
aromatase activity is not been detected [15]. However, it is
difficult to measure the aromatase activity in vivo for the
limitation to identification of neurons expressing aroma-
tase. Several reports have described the localization of
cclls containing aromatase immunoreactivity in the rat
brain, but the distribution of aromatase immunoreactivity
differed dramatically depending on the antibody used and,
in general, did not correlate well with the distribution of
aromatase activity in early records [16-19].

Aromatase mRNA level has been primarily examined in
the brain during development and showed sexual differen-
tiation, with a higher level in males [10,20]. The relevant
reports on the localization of aromatase mRNA in the brain
used to employ technique of in situ hybridization with a
radioaclive isotope labelled probe [21-23]. The results
showed some variation because. it was difficult to detect
the positive cells in the brain clearly.

In present study, techniques of RNA Dot-Blotting and in
situ hybridization were used to examine the expression of
specific aromatase mRNA in the developing brain tissues
and define the distribution of aromatase mRNA expression
at cellular levels.

Materials and Methods
Animals

Kun-Min mice were bred under a controlled light/dark
cycle (12h: 12h) with a standard diet and water available.
The day detected vaginal plugs was defined as embryonic
day 0 (E0), the day of birth was defined as postnatal 0 day
(P0). Except E16, male mice were selected for the study
according to the presence of testes. 26 animals from E16 to
P300 were divided into 7 groups according to age: E16,
P1, P6, P12, P30, P60 and P300 (n=3). Aromatase mRNA
was detected in all of the groups: where RNA Dot-Bloting
was used, the distribution of aromatase mRNA in the brain
was detected by using in situ hybridization with 5 male
mice bétween P6 to P12.

Probe preparation

The human placental aromatase cDNA is a 2.4kb fragment
inserted into plasmid pBluescripte SK(+/-). The cDNA was
linearized with SphO. Then Tj polymerase was used to
transcribe in vitro using the digoxigenin (DIG) labeling
system (BoEhringer Mannheim, BM.) to transcribe the
DIG-labeling antisense RNA (cRNA) probe and T; poly-
merase was used to transcribe the DIG-labeling sense RNA
probe. The cRNA probe was 1200bp in length and was
complementary to the region of the sequence encoding the
hemachrome-binding region of the aromatase gene.

RNA Dot —Blotting

RNA Dot-Blotting was performed according to the proce-
dure described by the BM. Company. Total RNA was iso-
lated from 100mg brain tissue with TriPure™ isolation Kit.
The isolated RNA has an A260/A280 ratio of 1.7--2.0. The
RNA sample was diluted in RNA dilution buffer with a
final concentration of 500ng/ul. 2pl of the RNA sample
was dropped onto a dry nylon membrane and fixed by bak-
ing in an oven at +120 °C for 30 min. The membranc was
placed in a hybridization bag containing 2ml prchybridiza-
tion buffer per 10cm® of membrane surface arca and prchy-
bridized at 45 °C for 1h. Then hybridization was carricd

out at 45°C for 16h (with a concentration of 800ug/ml of

aromatase cRNA probe). After hybridization, washed thc
membranes twice, 15 min per wash, in 0.1xwash solution
(0.1xSSC containing 0.1% SDS) at +68 °C. For dctection,
the membrane was incubated in a solution with anti-DIG-
alkaline phosphatase (1:4000 dilution) for 30 min at 37 °C.
Discard the antibody solution, washed the membrane
twice, 15 min per wash, in bufferl (100mM maleic acid,
150mM NaCl, pH 7.5) to remove unbound antibody.
Equilibrate the membrane in 20ml! buffer 2 (100mM Tris-
HCI, pH 9.5; 100mM NaCl, 50mM MgCl;)for 2min. Fi-
nally, incubated the membrane in freshly prepared color

- solution (mix 45ul NBT solution and 35ui X-phosphatc

(BCIP) in 10m! of buffer 3 in dark box. Once the desired
spots have becn detected, washed the membranc with bufl-
er I for 5 min to stop the reaction. Control experiincnis
were run in parallel with sense-transcript probc of aroma-
tase.

For semiquantitative analysis about the intensity of aroma-
tase mRNA in each group animal, the optic density (OD)
{means £ SEM) of the staining dots were detected with the
image analysis software of Tiger System.

In situ hybridization

In situ hybridization was performed as described previ-

ously [24]. Briefly, 25pm thick frost sections fixed in 4%
paraformaldehyde were prehybridized at 43 °C for 2h in
100l of hybridization buffer (4xSSC, 10% dextran sul-
fate, 1xDenhardt’s solution, 2mM EDTA 50% dcionized
formamid, 500ug/m! herring sperm DNA). The scctions
were then hybridized with 100 pl of hybridization buffer
containing Sng/ul anti-sense aromatase specific riboprobes,
prior to a 20 h incubation at 43 °C in humid chamber. Fol-
lowing hybridization, a series of post-hybridization steps
werc performed, including RNase treatment to digest all
unhybridized RNA, and stringency washes: once for 15
min in 2xSSC at 37°C, three times for 5 min each in
0.5%SSC and once for 5 min in 100 mM Tris-HCI (pH7.5),
150mM NaCl at room temperature (RT). The sections were
then incubated in alkaline phosphatase conjugated anti-
DIG antibody (1:1000) dilution for 1h at 37 °C and washed
further two times for 10min each in 100mM Tris-HCI
(pH7.5), 150 mM NaCl at RT. The detection of alkalinc
phosphatase was performed by incubating the treated scc-

i
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tions in the detection buffer containing 0.18mg/m! BCIP,
0.34mg/ml NBT and 240mg/ml levamisole in dark box at
RT. Once the desired signal has been detected, the staining
reaction was stopped by washing the sections in 10 mM
Tris-HCI(pH 8.0), ImM EDTA for 5 min. Control experi-
ments were run in parallel with sense-transcript probe of
aromatase.

For analysis of the results, all sections were observed un-
der the microscope at a final magnification of 40x to 400x.
A sketch map of the distribution of aromatase mRNA was
drawn with the help of image analysis at a magnification
40x and the exact anatomical localization of the labeled
structures was confirmed with the help of the adjacent
Nissl-staininged sections. A summary of the distribution of
the labeled cells was then prepared on semi-schematic
drawings of Nissl-staininged sections. Different symbols

El6 - Pl

A P60 P30

were used in these drawings to indicate the intensity of the
aromatase mRNA expression from weak to strong.

Results

Expression of Aromatase-mRNA in the brain of the de-
veloping mouse

Fig. 1 (A,B) show the results of RNA Dot-Blotting and the
semiquantitative analysis of aromatase mRNA expression
in each group animal. The staining dots represent the cx-
pression of aromatase mRNA. The aromatase mRNA was
detected in the brain tissue with differcnt expression levcls
during the period from E16 to P300. The intensity of the
dot staining is strong at the stage from birth (postnatal
1day, P1) to postnatal 12 days (P12), with the strongest
intensity at postnatal 6 days (P6) and the lightest intensity

P6 P12

P300 control

B Aro mRNA

Figl-
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B 40
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Figl (A, B): Expression of Aromatase mRNA in the brain of developing mouse.

A.  Result of RNA Dot-Blotting.

B. Image analysis of aromatase mRNA expression during brain development. The X-axis represent
the group of animals and the Y-axis represent the optic density (OD) of staining dot. The den-
sity represent the content of aromatase mRNA. It showed that the highest level of aromatase
mRNA is at posinatal day 6 (P6), and the lowest level is at adulthood

|
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Fig. 2 (A-G). Microphotographs of Aromatase mRNA localization in mouse brain regions at early postnatal stage (P6-P12).
A. Low magnification showing the distribution of positive cells in cerebra cortex. x40. B. Higher magnification of these cells
illustrating the positive deposition of Aromatase mRNA in the perikarya and cell processes x200. C. Heavily labeled cells in pos-
terior cingulated cortex (PCg) x100. D. Heavily labeled cells in prepirifom cortex (Pir), posterior part (x100). E. Heavily la-
beled cells in medial preoptic area (MPO). x200. F. Moderately labeled cells in laterodorsalis thalamic nucleus (Id) x100. G.
Heavily labeled cells in pyramidal layer of hippocampus (CA1, CA2, CA3 and dentate gyrus) x40.
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Fig3(A-D)

Fig. 3: (A-D), The schematic drawing of four representative cross-sections through the medial septal nucleus and hipocampus
showing the distribution of aromatase mRNA expressing cells in analysed brain region. Regions containing Aromatase mRNA
cells are presented to the reaction intensity: strong (® ), medium (A) or weak (4 ). ac Anterior commissure; ACd anterior cingu-
lated cortex, dorsal part; Acv anterior cingulated cortex, ventral part; Aco anterior cortical amygdaloid nucleus; BL basolateral
amygdaloid nucleus; BM basomedial amygdaloid nucleus; Ce central amygaloid nucleus; Hip hippocampus; Id laterodorsal
thalamic nucleus; LSD lateral septal nucleus, dorsal part; LSI lateral septal nucleus, intermediate part; MCPO magnocellular
preoptic nucleus; MD mediodorsal thalamic nucleus; MeA medial amygdaloid nucleus, anterior part; MPO medial preoptic
area; Pa paraventricular hypothamlamic nucleus; PCg posterior cingulated cortex; Pir piriform cortex; PV paraventricular
thalamic nucleus; Re reuniens thalamic nucleus; VL ventrolateral thalamic nucleus; VMH ventral posterolateral thalamic nu-

cleus.

at adult (P60) and old age (P300). The same results were
repeated 3 times. No staining reaction was detected in con-
trol experiment.

Distribution of aromatase mRNA in the mouse brain at
postnatal early stage

According to the result of RNA Dot-Blotting, the high
level of aromatase mRNA emerged at stage from postnatal
6 days to postnatal 12 days. So male mice at this stage (be-
tween P6 to P12) (n=5) were used to detect the aromatase

mRNA distribution in the brain with in situ hybridization
technique.

Figure 2 (A-G) and Fig 3 show the results about the distri-
bution of aromatase mRNA and its schematic map.

The positive reaction for aromatase mRNA showed blue
deposition in the perikarya and cell process with varying
densities, cell nuclei were always devoid of staining. The
positive cells were confirmed mainly as neurons on the
basis of nissl-staining of adjacent sections. Main distribu-
tion of aromatase mRNA was detected in the regions of
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cerebral cortex, hippocampus, thalamus, hypothalamus and
large part of nucleus in limbic system.

Thalamus and hypothalamus

The aromatase mRNA contain cells were widely distrib-
uted. Many heavily labeled cells were found in medial sep-
tal nucleus, the medial preoptic area with varying density
and many small neurites (Fig. 2-E). The moderately strong
signal was present in several nuclei such as mediodorsal
thalamic nucleus, laterodorsal thalamic nucleus, paraven-
tricular hypothaloamic nucleus, ventromedial hypotha-
lamic nucleus and etc. (Fig. 2-F). In addition, some weakly
labeled cells were present in small numbers in the ventro-
lateral thalamic nucleus and at the edge of the adjacent
reticular nucleus and some others covered an area extend-
ing from the central anterior hypothalamic area to the lat-
eral hypothalamic and the anterior hypothalamic area.

Limbic system

In hippocampus, the pyramidal layer of field CA1 to CA3
of Ammon’s horn and granular layer of the dentate gyrus
showed a strong staining (Fig. 2-G). Many labeled cells
were also detected in most parts of amygdala region, which
extended laterally from the medial amygdaloid nucleus to
the cortex-amygdala transition zone. The central amygda-
loid nucleus showed stronger staining than the others.

Otherwise, some lightly labeled cells were detected in the
istand of Calleja and the caudate putamen. No positive
- signal was detected in the control experiment.

Discussion

In present study, DIG-labeled aromatase riboprobe was
employed in nucleic acid molecular hybridization to exam-
ine the aromatase mRNA and get some information about
the pattern of aromatase gene expression during the brain
development. The DIG system is one kind of comprehen-
sive, convenient and effective systems for the labeling and
detection of DNA, RNA and oligonucleoitide. It provides a
more secure method for the detéction and localization of
nucleic acid at the cellular level than other labeling system
such as the isotope labeling system. The details of the lo-
calization of aromatase mRNA and the distribution of
aromatase mRNA positive cells were much more clearly
shown in this study than early reports.

Nucleic acid Dot-Blotting is one kind of techniques to de-
tect RNA or DNA quickly and simply, but it is not easy to
locate and quantify. In order to get a semi-quantitative re
sult, the amount of brain RNA in each group animal was
fixed for detection of the aromatase mRNA. The expres-
sion of aromatase mRNA was detected with higher level at

the stage of the first two postnatal weeks, and the highest
level at postnatal 6 days (P6). Then it decreased to the
lowest level in adult and old animals. These data are in
agreement with other reports, which showed that the level

of aromatase gene expression is significantly higher during
development than in adulthood [10,20]. However, there are
some differences in the time of the highest level of brain
aromatase mRNA expression between our results and oth-
ers. For example, some reports have shown that the highest
level of aromatase mRNA in the mouse brain was at post-
natal 3 days and another report showed that the- highcr
level of aromatase expression in mouse hypothalamus was
at postnatal 15 days [25,26]. These differences may simply
be due to the differences in method and tissue preparation
in different studies. Nevertheless, recently, one report
showed, by using semiquantitative reverse transcriptasc
polymerase chain reaction (RT-PCR) analysis, the aroma-
tase mRNA is expressed prenatally in the mouse hippo-
campus of both sexes, aromatase mRNA increased during
the first two postnatal weeks and decreased to lower levels
in adult [27]. This data is very in agreement with our pre-
sent result. With these data, we might presume that aroma-
tase mRNA in hippocampus may be a main part of the
aromatase mRNA in brain during the early stage of postna-
tal development and it may-provide some important cffort
unknowable during this stage, the first two postnatal
weeks.

With regard to the results of aromatase mRNA distribution
in present study, aromatase mRNA positive individual
cells were clearly demonstrated and large parts of them are
identified to be neurons. Many cells with highly aromatase
mRNA expression were found in the cerebral cortex, hip-
pocampus, thalamus, hypothalamus and other regions of
limbic system. These data agree well with measurements
of enzyme activity that have been previously reported [10].
For example, in brain regions with high level of aromatase
activity, such as the medial preoptic nucleus (MPO) and
medial amygdala (mAMY), many cells expressing high
level of aromatase mRNA were detected. In regions with
relatively lower level of activity (e.g. VMN, CoAMY and
some nuclei of the hypothalamus), cells with medium lev-
els of aromatase mRNA expression were detected. How-
ever, there are some differences in the expression of aro-
matase mRNA and activity in some brain regions. For cx-
ample, some brain regions, such as the mediodorsal- thala-
mus and the cingulated cortex, are not yet known to con-
tain aromatase aclivity, but they contained many cells ex-
pressing high levels of aromatase mRNA. In this regard,
the results of the present study, agree with the reports of
Wagner et al [22], may indicate new regions previously
dismissed as possible areas of estrogen production.

More interestingly, the present in situ hybridization procc-
dure has visualized large numbers of cells with high level
of aromatase mRNA in some regions such as hippocampus
(mostly the pyramidal layer) and various parts of the cor-
tex, include neocortex, which was found with lower level
of aromatase mRNA and weak enzymatic activity in rat
and mouse by some reports [21-23], and no aromatase
mRNA was indicated in monkey by other reports [28].
These differences may be due to the different sensitivity of
the techniques used, or different probes and procedures
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used. In addition, there may be differences in animal vari-
ety. In earlier studies, although in situ hybridization was
used (o examine aromatase mRNA in the brain, the probe
used in each experiment was quite different. Where Lauber
et al uscd **P-labelled oligo nucleotides directed at both the
5’ and 3’ ends [21]; Wagner used **S-labelled riboprobe
transcribed from rat ovarian aromatase cDNA and the stud-
ied animal was rat [22] . The present study employed DIG-
labelling riboprobe transcribed from human placental aro-
matase cDNA directed at the 3’ end of the mRNA and im-
mersion staining method was used, and the studied animals
are mouse. So our present result demonstrated aromatase
mRNA in some brain regions that were not positive in
other studies. Yamada et al [29] revealed that a relatively
high level of the aromatase mRNA existed in the cerebral
cortex (CC) of the rat, where the aromatase activity was
reported to be weak or absent. Further study found that this
cortical type mRNA variant lacked exons I-III in the adult
rat brain and seemed to be widely distributed in other tis-
sues. So the aromatase mRNA detected in these regions
(CC, hippocampus) might be this cortical type of mRNA.
Foidar et al [30] reported that many strong aromatase im-
munoreactive cells were found in the pyramidal cell layer
of the hippocampus and it proved that there is indeed aro-
matase synthesis in these regions.

Recently, knowledge of how estrogen interferes with
mammalian brain function and development has broadened
substantially. In the brain, estrogen is not only involved in
the neuroendocrine feedback regulation at the hypotha-
lamic and pituitary level but also in the control of motor
and cognitive functions [11-13]. Cerebral cortex and hip-
pocampus are known to be regions concerned with learn-
ing and memory. It has been reported that sex difference
showed in the developing hippocampus, such as higher
GAD expression and increased levels of GABA, gluta-
mate, and aspartate in males [31,32]. On the other hand,
cholinergic enzyme activities are higher in females. Gen-
der-related differences in cell morphology and function in
adult hippocampus have also becn reported, including
mossy fiber synapses, the dendritic morphology of gran-
ules and pyramidal neurons, the regulation of axon sprout-
ing and proligeratin of hippocampal cells, hippocampal-
dependent learning tasks as well as differences in the
strategies that malc and femal rats use to solve spatial
navigation problems [33-36]. So the result of the present
study, corresponding others [26], demonstrate that the high
level of expression of aromatase in hippocampus likely to
be one pathway involved in the masculinization of hippo-
campal structure and function.

In summary, our present work establishes that aromatase
mRNA revealed an ontogenestically regulated pattern of
expression. The data that higher level of aromatase mRNA
emerged in the stage between P6 and P12 and distributed
in regions of hippocampus and cerebral cortex suggest that
the first two postnatal weeks may be a key stage for sex
differences of brain, especially of hippocampal plasticity
and function. Aromatase in these regions may deal with the

modulation of memory and cognitive functions. Still, it is
essential in future studies to understand the real physio-
logical mechanisms.
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Fluorescence study of motor neurons of mylohyoid muscle
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Abstract

The somatotopic organization of lower motor neurons of the mylohyoid muscle in the motor
trigeminal nucleus has been determined by fluorescence microscopy and Nissl staining at
Neuro-histological laboratory, College of Medicine, King Saud University, Riyadh, Kingdom of
Saudi Arabia.

The mylohyoid muscle in twenty albino rats were injected with retrogradely transported
fluorescent material DAPI-Pr. Fluorescence microscopy was performed, followed by subsequent
staining of these sections with the Nissl stain, thionine.

The fluorescent cells were found to occupy the rostro-medial part of the ipsilateral motor
trigeminal nucleus. Subsequent staining of the sections with the Nissl stain thionine confirmed
the rostromedial location of the labeled cells. The entire lot of cells in this "rostro-medial
subgroup" was found labeled, representing the domain area of the lower motor neurons of the
mylohyoid muscle.

The rostro-medial subgroup of the trigeminal motor nucleus is the only one to supply the

mylohyoid muscle.

Introduction

The motor nucleus of trigeminal nerve cytoarchitecturally
is composed of dorsolateral and ventromedial divisions [1-
2]. the former extending craniocaudally almost the whole
extent of the nucleus while the latter localized to caudal
two thirds of the nucleus [3]. The ventromedial division of
the motor trigeminal nucleus along its whole craniocaudal
extent provides innervation to the mylohoid muscle [4-6].
Gromysz et al [7] shift this innervation of the mylohyoid
muscle to the neurons in the intermediate part of the
nucleus in the rabbit. The medial position of the mylohoid
motor neurons is intermingling with those described for the
anterior belly of the digastric, temporalis and masseter
muscles [6,8-10] Chen et al. {6] (1998) found ventrome-
dial location for the lateral pterygoid and ventromedial part
of the rostral two thirds of the motor trigeminal nucleus for
the medial pterygoid muscle of the rabbit. Apart from the
area for the tensor tympani muscle, very little of the motor
trigeminal nucleus is exclusive for one muscle {11-12]. Do
the stem neurons of the mylohyoid muscle occupy the
entirc medial extent of the motor trigeminal nuieus? The
adopted technique shows the exact location of the motor

neurons supplying the mylohyoid muscle and shows also
the unlabelled cells. This is the first study of its kind carri-
ed out in the kingdom of Saudi Arabia for identification of
the musculotopic organization of lower motor neurons of
the mylohyoid muscle.

Materials and Methods

The left mylohoid muscle of twenty adult Wistar albino
rats was injected slowly at three different places by means
of Hamilton syringe mounted on a micro-drive machine,
with 10-50pl of DAPI-Pr (25% of 4°6-Diamidino-2-phenyl
indole-2-HCL added to equal amounts of 5% Primuline),
after resection of the anterior belly of the digastric muscle
under anesthesia. Forty-eight hours after injection, the
tissue was fixed in situ by perfusion through the aorta with
10% buffered formalin. The brains were removed afier
decapitation and kept in the buffered formalin made up
with 30 % sucrose solution. The control side of the brain-
stems were marked with a nick and kept for a few days in
the same solution. The hindbrains were cut transversely on
the freezing microtome into 8u thick sections. All the
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pontine sections were collected, mounted on gelatinized
slides and examined without cover-slips under the fluore-
scence microscope which was fitted with an excitat.on
filter of 365 p wave length and showed only the fluoresc-
ing cells. All these labeled cells were immediately
photographed.

In order to show the entire area of these labeled cells
among the unlabeled ones, all sections containing them
were charted sequentially, stained with 1% thionine, cover-
slipped and photographed. The labeled cells were singled-
out from the rest by virtue of their charted places and their
overall shapes. This technique revealed the exact place as
well as the number of the labeled versus the unlabeled
cells. Level and place of the labeled cells were identified

with reference to photos made of alternating Nissl (1% -

thionine) stained sections displaying the entire extent of the
motor trigeminal nucleus.

Results

Following injection of the mylohyoid muscle with the
different amounts (10-50ul) of DAPI-Pr, only two places
in the brainstem showed labeled cells, the mesencephalic
trigeminal nucleus and the motor trigeminal nucleus. The
ipsilateral motor trigeminal nucleus displayed a labeling
pattern of its own as revealed by the successive cranio-
caudal transverse sections containing these labeled cells
(Fig. 1, sections H through A). As seen through the fluore-
scence microscope, the labeled nerve cells were. filled with
small granules that sparkled with a white color against a
deep blue background. Except for the nucleus of the cell,
the whole of the perikaryon was filled with these shiny
fluorescing granules. They filled the processes of the motor
cells to a variable distance, particularly the proximal seg-
ments of these processes. Microscopy revealed only those
retrogradely labeled cells having their axons intact and
‘contacting the area receiving the injected dye. Some hazy
and less sparkling cells were also intermingied with the
rest. No other element of the neuropil was visible.

At the level where mesencephalic trigeminal nucleus took
a large dimension, the cellular mass of the medial group of
the motor trigeminal nucleus was reduced. All cells of the
medial patch were labeled. This indicates that the stem
cells of the mylohyoid extend rostrally as far as there is
still a medial group. Caudal to this level (at G in Fig. 1) the
nucleus is large and the medial group became more dist-
inct. It extended with a smaller part laterally into the
ventral portion of the intermediate group. Again at this
level, all cells of the medial group were labeled.

The entire cellular lot of the medial division of the nucleus
at the middle third of the nucleus (corresponding to E-F of
Fig. 1) is labeled following the injection of the mylohyoid
muscle. No cell is spared, which would otherwise, indicate
a possible overlap of this area by stem cells of other musc-

les occupying the medial motor division. At the level of
the locus Ceruleus, which corresponds to (D and E in Fig.
1) and where the mesencephalic trigeminal nucleus starts

- e L e s it ot e e e e e e

Fig. 1: 1% thionine stained sections of the rat hindbrain
(X10), displaying the entire extent of the motor trigeminal
nucleus. The photograph shows only one half of the 1rans-
verse sections only, to avoid eventual asymmetry. 1-motor
trigeminal nucleus, 2-sensory trigeminal nucleus, 3—
internal loop of the facial nerve, 4—fourth ventricle, 5—
locus ceruleus, 6-mesencephalic trigeminal nucleus, 7-
internal genu of the facial nerve, 8-reticular formation, 9-
cerebellum, 10-flocculonodular lobe, 11-cochlear nucleus,
12-middle cerebellar peduncle, 13-inferior cerebellar pe-
duncle, 14-corticospinal tract, 15-deep cerebellar nuclei,
16-abducent nerve.
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to appear, the trigeminal motor nucleus is well developed,
with an appreciable size and its medial subgroup is quite
distinct. This “medial subgroup” seems to be entirely spec-
ific for thc mylohyoid stem cells as revealed by its the
fluorescent staining material. All the cells comprising the
medially located “subgroup” at the above-mentioned level
i.e., at the middle of the rostro-caudal extent of the nucleus,
took up the dye, lcaving no cells unlabeled. The medial
cellular patch of the motor trigeminal nucleus at this level
represents the absolute territorial domain of the mylohyoid
muscle, no other muscle is sharirng or overlapping this area
of the nucleus.

The most caudal level of the trigeminal motor nucleus,
which showed labeled cells following the injection of the
ipsilateral mylohyoid muscle, corresponds to sections C
and D of Fig. 1. The motor cells lic besides the intemnal
loop of the facial nerve. In addition to the presence of this
loop, the caudality is confirmed by the exclusion of any
part of the mesencephalic trigeminal nucleus that starts to
appear more rostrally. The cells of the motor nucleus that
appear at this level are only those of the medial “sub-
group”. Other cells are not quite distinct from the surroun-
ding reticular formation. Yet under the light microscope,
some cells found dorsolateral to the medial “subgroup”
resemble, to an extent, those comprising this medial “sub-
group”, and are assumed to be the caudal part of the inter-
mediate motor part. The medial “subgroup” is less develo-
ped than the situation at more rostral levels.

Discussion

The fluorescence technique employed in the present study
singles-out the lower motor neurons of the injected mylo-
hyoid muscle from the rest of the motor trigeminal nucleus,
and by comparison with the Nissl stain of the same sec-
tions, one can determine what proportion of the cells took
up the dye. The boundaries of the “subgroup” allocated to
a particular muscle are dependent on the presence or abse-
nce of spaces that separate any motor cell group from
another similar group of neighboring motor cells. Contrary
to other studies, which found the ventrolateral cells of the
motor trigeminal nucleus labeled by retrograde injection of
horseradish peroxidase into the mylohyoid [2,13-14], the
present study showed it to be the medial group. The medi-
al part of the ipsilateral motor trigeminal nucleus was
identifiable by a gap free of motor cells from the rest. It
looked like a circumscribed patch of cells that was known
not to extend as much rostrally as the other “subgroups” of
the motor nucleus [3]. The rostral part of this medial sub-
group was found to be composed entirely of labeled cells,
after injection of the mylohyoid with DAPI-Pr. The label-
ing of all cells in this group could not be due to simultane-
ous contamination of neighboring muscles, because the
adjacent muscles, liable to contamination occupy other
places within the motor trigeminal nucleus, which were
found empty of labeled cells. The immediate impression is
that all cells of the rostromedial patch are reserved for the
mylohyoid muscle. This was confirmed by comparison

with the Nissl stained photos, which showed the presence
of only the labeled cells. Therefore, the stated overlap [8-
9] was not substantiated by the present study, for at Icast
the rostro-medial part of this “subgroup”, and which was
found entirely devoted to the mylohyoid muscle. This also
confirmed the subgrouping of the trigeminal motor nuclcus
1,14-16). The two mylohyoid muscles arc inscparablc by
virtue of their midline fusion. Their stem cells arc shown to
occupy the most medial aspect of their respective motor
trigeminal nuclei, a fact that renders bilateral communi-
cation easier and more economical [1,17,18]. The rostral
occupation of the stem cells within the medial part of the
motor trigeminal nucleus is also justified. Because the two
bellies of the digastric muscle, with which the mylohyoid
is most associated, arc the ones that shall occupy the
caudal position within this medial part of the nucleus, as
implied by the dual innervation of the digastric muscle by
the more caudally lying facial nerve. The presented results
show no contralateral labeling, which mcans that no
contamination of the other side took place during the
injection of the one side of the mylohyoid muscle. The
spreading of the injected dye did not affect the underlying
anterior belly of the digastric muscle because that muscle
was resected, and no cells were found labeled in the caudal
part of the nucleus (the domain area of thc digastric
muscle).

Conclusion

The rostro-medial subgroup of the trigeminal motor
nucleus is the only one to supply lower motor ncurons to
the mylohyoid muscle.
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Abstract

Light microscopic results regarding the morphology of perineuronal nets in the cere-
bellar cortex of the mouse achieved by means of methylene blue supravital staining
are shown. Within the paraffin sections obtained from the dye-perfused tissue, an in-
tense staining of the extracellular matrix of the molecular layer could be identified. In
the granular layer, bundles of extracellular fibrillary elements were seen; they formed
perineuronal nets around the Purkinje cells. These structures were also found in con-
tact to blood capillaries. A putative association of them with glial cell perikarya could
not absolutely be clarified, but appeared to be likely. The existence of perineuronal
nets in the central nervous system supports some aspects of the old reticulum theory
without contradicting the neuron theory, i.e. a reticular formation of extracellular ma-
trix connects glial with nerve cells and is also associated via ankyrin and spectrin with
the intracellular cytoskeleton of the cells. In conclusion, due to its selectivity for per-
ineuronal nets, the technique used here supplement histochemistry in a helpful man-
ner; moreover, regarding morphological details it appears to be superior compared

with common histochemical procedures.

Introduction

Using his own silver impregnation technique, Golgi
[1] described at first a delicate covering, mainly re-
Hcular in structure, which surrounds the cell bodies
of nerve cells and expands along their dendrites.
Later, this pericellular coat was also found by means
of supravital methylene blue staining [2, 3]. In the
end of the 19t century, the central point of discussion
was, whether these perineuronal nets represent deli-
cate axonal networks or nonneuronal structures; in
this context, it has to be referred to an excellent re-
view given by Celio et al [4]. In later studies applying
Golgi’s silver impregnation technique, these nets
were interpreted to be identical with thin processes
orginating from glial cells [5]. Using the PAS-reaction
for carbohydrate residues, it could be shown that
these perineuronal glia nets are associated with ani-

onic residues, i.e. carboxyl groups of acidic proteins
or glycoproteins [6].

" In the last decade of the 20t century, these molecules

were investigated more in detail by means of lectin
histochemistry and immunohistochemistry which led
to a differentiation of two extracellulary located types
of perineuronal nets: one of these is composed of glial
cell , i.e. astrocyte, processes, whereas the other one
consists of extracellular matrix molecules interposed
between the tiny endfeet at the neuronal surface [4].
Manifold functions have been attributed to the per-
ineuronal nets of extracellular matrix which include
stabilization of synapses, concentration of growth
factors around certain neurons, the generation of a
polyanionic ion-buffering microenvironment, the
formation of a link with the intracellular cytoskeleton
via ankyrin and spectrin etc [4].
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Regarding perineuronal nets in the cerebellum, two
studies are very important: Steindler and Cooper [7]
could visualize glial glycoconjugates in the cerebelum
of the mouse by the application of lectin histochemis-
try; using different histochemical staining techniques,
Mabuchi et al [8] demonstrated unequivocally the
existence of perineuronal nets of proteoglycans
around Purkinje cells in the cerebellar cortex of the
cat. ‘

Miiller [9] introduced a new modification of the su-
pravital methylene blue staining technique and pub-
lished the first photographs of perineuronal nets of
extracellular matrix around hippocampal non-
pyramidal cells in mice. In a further study, the me-
thylene blue method was combined with various
other histochemical techniques for the detection of
perineuronal nets [10].

The aim of the present study was to apply methylene
blue labeling to the cerebellar cortex of the mouse for
the detection of perineuronal nets. The results were
compared with findings published using other stain-
ing methods. In addition, more details on the mor-
phology of the stained material should be elucidated.

Materials and Methods

General principles of animal care were applied
throughout the experiments and all experiments and
procedures complied with the German law on the
protection of animals. Adult mice (Mus Musculus)
were killed with tribromethanol. Further treatment of
the tissues was carried out as described previously

[}

Immediately after death, about 2 ml of an aqueous,
37°C warm dye solution (MB med. puriss., C.I. 52015;
Chroma, Kéngen, Germany) were injected into the
left cardiac ventricle until the skin became blue. The
dye was administered at a concentration of 20%.

After 1 h at room temperature (20°C), the cerebelli
were removed, cut into approximately 1 mm-thick
slices with a razor blade, and exposed to air in a
moist chamber for 1 hour at room temperature
(20°C). This led to a blueing of the specimens, i.e.
oxidation of leuco-MB, since the dye had been pri-
marily reduced to its colourless form in situ.

The first fixation was performed at 4°C (refrigerator)
for 5 h (stock solution: 100 ml of 9% aqueous ammo-
nium heptamolybdate solution with the addition of 9
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drops of 25% hydrochloric acid and 0.9 ml 30% hy-
drogen peroxide). After a short rinse in distilled wa-
ter, a second fixation took place for 2 h 30 min at 4°C
[stock solution: 100ml of 2% paraformaldehyde and
25% glutaraldehyde in 0.1M phosphate buffer (pH

7.4) containing 1.8% phosphomolybdic acid and 0.1%

hydrogen peroxide (final pH 5.0)]. Subsequently, the

" specimens were washed overnight in distilled water.

The tissues were dehydrated in 100% tertiary butanol
(melting point: 25°C) for 48 h. The first alcohol
change was performed after 15 min, the second. after
1 h and the third after 7 h. For these three preliminary
dehydration steps, phophomolybdic acid was added
to the alcohol in a concentration of 0.05%. The tissues
were then transferred into pure tertiary butanol. Af-
ter dehydration, they were stored for 1 h in a mixture
of 8 parts decahydronaphthalene (Dekalin®; Chroma,
Kongen, Germany) and 2 parts methyl benzoate. Be-
fore being embedded in paraffin, they were im-
mersed for another hour in 100% decahydronaphtha-
lene.

20 pm-thick microtome sections were mounted on
glass slides. After drying, they were deparaffinized in
xylene and coverslipped with DePeX® (Serva, Hei-
delberg, Germany). Due to the thickness of the paraf-
fin sections combined with the 3-dimensional struc-
ture of the perineuronal nets, it was focused and pho-
tographed in different planes. Therefore, the produc-
tion of photomontages got necessary.

Results

In the deeper regions of the slices (more than 200 pm
distant from the cut surface), a selective staining of
components of the extracellular matrix could be
achieved (Figs. 1-5).

In the molecular layer, the extracellular matrix was
found to be intensely labeled, whereas in the granular
layer bundles of fibril-like structures were seen be-
tween the unstained granule cells (Fig. 1). These ex-
tracellular fibrils were observed getting contact with
the Purkinje cells forming a delicate network, i.e. per-
ineuronal net, around them. These nets could be
studied in different planes (Figs. 2 and 3). Only a few
small perikarya were detected to be intensely stained
within the granule cell layer and white matter (Fig.
4). It could not doubtlessly be claryfied, whether the
extracellular fibrillary structures were in fact associ-
ated with these cells. Moreover, the extracellular fi-
brils were also seen contacting blood capillaries (Fig.
5).
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Fig. I: The overview shows the dye distribution in the molecular layer (ml) and the granular layer (gl); note that
the molecular layer (ml) appears to be more intensely stained, whereas the granular layer (gl) exhibits only an
inhomogenous staining caused by a labeling of fibril-like structures. x 80

Fig. 2a: A strong dye accumulation is visible in contact with the plasma membrane of a Purkinje cell (arrow). x
800

Fig. 2b: Focused in another plane, the dye accumulation is found to be connected with a bundle of fibril-like
structures (arrow). x 800

Fig. 2c: Focused in a further different plane, it is verified that the dye accumulation represents a network (thick
arrow) which is in continuity with the bundle of fibril-like elements (arrow) . x 800
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Fig. 3a: A single Purkinje cell soma exhibits a strong labeling in the region of the plasma membrane (arrow). X
200

Fig. 3b: Focused in a different plane, the staining of the outer membrane represents in fact a staining ofa
delicate network of fibril-like structures surrounding the perikaryon (arrow). x 900.

Fig. 4: A small sing)e perikaryon (arrow) within the granule cell layer appears to be associated the
extracellular fibrillary elements. x 900

Fig. $: Extracellular fibrils were seen contacting a blood capillary (ca) within the granular layer; note also an
intensely stained small cell (arrow). x 400
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Discussion

An important observation of the present study was
the finding that perineuronal nets were not only
found covering Purkinje cell bodies but were also
observed extending via the intercellular spaces into
the granular layer and down to the white matter.

A further interesting result was the observation that

the extracellular space of the molecular layer showed -

a relatively intense staining; this phenomenon points
to functional differences between the layers with spe-
cial regard to the arrangement and composition of
the extracellular matrix.

A point of special interest represents also the de-
tected fibril-like structure of the labeled extracellular
matrix. This was more clearly shown in the demon-
strated methylene blue preparations than visualized
by common histochemical techniques in a recent
study in the cat [8]. In this context, it has to be con-
tradicted to the opinion of Mabuchi et al [8] that in
mice perineuronal nets are s6 thin and coarse that
they cannot be sufficiently visualized under the light
microscope.

Regarding the staining mechanism, the opinions dif-
fer: There is some evidence that methylene blue is
reduced to its uncharged colourless lipophilic leuco-
form immediately before passing the blood brain-
barrier followed by a subsequent reoxidation to the
blue positively charged, i.e. cationic, form. This phe-
nomenon leads to two possible binding mechanisms
of the dye: Since perineuronal nets of extracellular
matrix are known to be rich in strong anionic resi-
dues; these negatively-charged groups might attract
the dye in its cationic form after reoxidation. The al-
ternative would be that the perineuronal nets them-
selves represent sites of reoxidation, where the leuco-
form is oxidized to the blue form; this would mean
that the perineuronal nets fulfil redox-functions. Both
putative mechanism would be in accordance with the
assumed neuroprotective tasks of the extracellular
matrix [for review see 9]. It has to be emphasized that
according to the investigations of Murakami et al [10]
ligand-proteoglycans which connect the perineuronal
proteoglycan surface coat with cell surface glycopro-
teins are considered to be the targets of the dye.

Furthermore, the observation that a subpopulation of
small perikarya, probably glial cells, appear in conti-
nuity with the perineuronal nets supports the find-
ings of Brauer et al [5]. In addition, this phenomenon
is in full accordance with the results of Derouiche et

al [11] achieved using lectin histochemistry combined
with antiglutamine synthetase

immunohistochemistry; these findings demonstrated
that N-acetylgalactosamine-containing extracellular
matrix molecules and astrocytic processes are topi-
cally associated to a high degree which led to the
conclusion that distal glial processes by themselves
may form net-like contacts on neurons.

Moreover, it has to be pointed out that the existence
of perineuronal nets in the central niervous system
supports in a certain kind of manner the old reticu-
lum theory without contradicting the neuron theory,
ie. a reticular formation of extracellular matrix con-
nects glial with nerve cells and is also associated via
ankyrin and spectrin with the intracellular cytoskele-
ton of the cells. However, this does not mean that
axons and dendrites anastomose in a continuous
network. Therefore, from the present point of view
the opinion of the moderate reticularist Bethe [12] has
to be confirmed; in contrast to Meyer [3], Bethe did
not interpret perineuronal nets as delicate axon ter-
minals, he attributed other properties and functions
to these structures.

In conclusion, the MB-method used in the present
study is highly selective, easy to handle, and visual-
ises morphological details. In contrast to common
histochemical techniques, the staining method can
also successfully be applied to the mouse cerebellum.
When histochemical reactivity for a specific marker
or several markers is absent, the methylene blue-
method may give the decisive answer whether per-
ineuronal nets are really present or not. Therefore,
this technique represents a helpful supplement to
histochemistry in neuroanatomical research.
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Abstract

The aim of this study was to investigate the effect of lead acetate on wound contraction in male
Wistar rats. A total of 30 male Witar rats were used. The experimental /test group (15-Male
rats) were allowed to drink aqueous lead acetate at a concentration of 125 mg% for six
months. The control group (15-Male rats) were allowed to drink aqueous sodium acetate at
the same concentration for the same period. At the end of the 6 months period, serum lead

concentration was measured in both groups and a full thickness skin wound of an area of one .
cm? was made on the flanks of the rats in the two groups. The wounds were photographed

postoperatively on day one, day seven and day fourteen. The surface area of the wounds was
measured using a planimeter and the results were analyzed statistically using the student’s t-
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test.

At the end of the 6-month period the experimental group of rats showed 2a statistically signifi-
cant loss of weight (P<0.5). The lead serum level was significantly higher in the experimental
group (P<0.5) compared to the control group. The measurement of the wound surface areas
showed that lead delayed significantly (P<0.5)wound contraction in the test group at day-7

and day-14 compared to the control group.

Lead exposure in rats can lead to loss of weight and retards wound contraction and hence delays wound

healing.

Introduction .

Widespread contamination of the environment by lead (Pb)
may have an impact on human health through the constant
and persistant exposure to small doses over long periods
of time [1]. Lead toxicity may take various forms depend-
ing on the degree of exposure. This study was undertaken
to reveal the effect of lead on wqund healing. A review of
the available literature showed no report on the relation-
ship between lead toxicity and wound healing.

Lead is known to be one of the famous environmental pol-
lutants. It is found in soil, grown food produce [2] and in
~ drinking water in some areas {3]. Environmental exposure
*to toxic levels of lead occurs in a number of industries [4].
In Saudi Arabia, it was shown that the primary source of
lead pollution is the motor vehicle emissions [5].

Lead in rats can suppress sperma;ogencsis [6] and if given
simultaneously with N-nitrosodiethylamine can cause can-

cer of the kidney [7]. In humans lead overdose can lead to
neuropathies [8]. :

Wound contraction is an essential component of woung

healing. Its measurement is used as a method of assessing -

wound healing [9]. Wound contraction is mediated by
myofibroblasts (specialized fibroblasts) that appear in large
numbers as the wound matures and when resistance to con-
tractile forces increases [10]. Some researchers neverthe-
less think that fibroblasts, not myofibroblasts, are respon-
sible for wound contraction [11]. In rats the presence of the

panniculus carnosus was found to be important for- wound

contraction [12].

In general, delay in wound healing due to lead toxicity, in
accidental or iatrogenic wounds, can be a burden on the
economies of poor countries, by lowering the output of the

individuals through absence from work, specially if there is
"a superimposed wound infection.

yll
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Materials and Methods

The effect of lead on wound contraction was investigated
in-30 male Wistar rats weighing between 180-350 grams.
The animals were housed in two groups (Test and control
groups, 15 rats each) at a constant temperature of 23 de-
grees centigrade. They were provided with food (Number 1
maintenance diet B.P.) and water ad libitum, containing
lead acetate for the test rats and sodium acetate for the con-
trol rats. The concentration of lead in the water was 125mg
in 100 mls of water. This regime was followed daily for
six months.

Measurements of lead concenteration in rat venous blood

After dosing all the rats (both test and control groups) with
lead orally for six months and before making the wounds,
venous blood was taken from the rat tails and the concen-
teration of lead was measured by atomic absorption spec-
trophotometry [13].

Surgical procedure

After six months of drinking water containing lead acetate
(Test group) or sodium acetate (Control group), while rats
were under general anaesthesia induced by inhalation of
ether, hair was electrically clipped off from the skin of one
flank, selected randomly. The shaved area was then
cleaned with an alcohol- based bactericide (Hibitane). The
area to be removed was first marked out with a template,
and a square excised lesion, area 1 cm?, was made through
the flank skin with sterile, blunt-nosed, plastic surgery
scissors. The lesion extended deep to the panniculus carno-
sus.

Photography

Immediately after the surgical procedture, the wounds
were photographed (Day 1) and then on the 7" (Day 7) and
14" (Day 14) day for both test and control groups. Using a
New Tamaya Digital Planimeter ( Planix 7P. Tamaya
Technics Incorporation), the surface area of each wound
was measured three times and the average was calculated.

Weighing of the rats

The two groups of rats (both test and control) were
weighed at the start of the experiment and before making
the wounds (i.e after 6 months).

Results

Measurements of the venous blood lead levels

These measurements confirmed that lead level in the ve-
nous blood of the test group was higher ((P<0.5) compared
to that of the control group. Mean lead venous blood level
in the test rats was (1.24 =/- 0.23) micromol/L and ( 0.47+
/- 0.12) micromol/L in the control rats.

T3

Fig 1: Photograph showing the wound in the lead-treated
rat. Day 1=TIl; Day 7=T2; Day 14= T3
The scale shows the extent of the wound

weighing of rats

At the end of the six month of oral lead, the test rats looked
cachexic and lethargic and there was a statistically signifi-
cant loss of weight. There were also small reddish pinhead
size swellings in the skin of test rats but not in the control
rats. Specimens were taken for further histological investi-
gation.
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Measurement of surface area of wounds

It was observed that the decrease in the surface area of the
wounds of the test group was slower than the control group
(Fig 1-3) at day 7 and day 14, and the difference was statis-
tically signicant (P<0.5).

Discussion

Lead compounds are mostly insoluble in water and therc-

- fore it may pollute the environment in the absence of pre-

ventive measures. About 90% of lead in the atmosphere is
produced by combustion of lead containing gasoline [5].
Lead enters the body by inhalation or ingestion of con-
taminated material and crosses the placental barrier and
poses a hazard to the developing fetus; cases of stillbirths
and abortions have been reported [4]

The effect of lead poisoning on wound healing received no
attention_in medical research. The present study is there-
fore the first report in this subject and it revealed that oral
exposure of lead acetate delayed wound contraction and
healing in experimental rats. To verify adequate intestinal
absorption of lead following oral administration of aqueous
lead acetate to rats, venous blood levels of lead were
measured. A surgical skin wound was then made as de-
scribed earlier. It was evident that the delay in wound heal-
ing was statistically significant.

Healing of wounds is a complex process involving epider-
mal regeneration, fibroblast regeneration, neovasculariza-
tion, synthesis and remodeling of extracellular matrix
components [14]. The mechanism by which lead delays
wound healing is not fully understood but it is known that

the main target of lead (Pb) toxicity is the red blood cell
[15). 1t is also established that lead is a strong enzyme
inhibitor [16]. Enzymes can be inactivated or denatured by
a variety of chemical means, several of which have clinical
importance in wound healing. Many enzymes depend on

Fig 2: Photograph showing
the wound in the conitrol
rat.Day 1=Cl; Day 7=C2;
Day 14=C3 The scale shows
the extent of the wound

Fig 3: Graph showing the
effect of lead acetate on
woundcontraction in Wistar
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bonds with various heavy metais. For this reason lead can

be extremely toxic. Although individual clinical cases of-

lead poisoning may be treatéd, preventive measures to
minimize pollution should be undertaken to protect the
population at large. Further research is required to eluci-

date the exact mechanism operative at molecular level, -

responsible for delayed wound healing caused by lead ex-
posure. : ' :
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Abstract

Adequate nutritional support can reduce morbidity and mortality risks associated with nder-

lying diseases. Due to complexity of care and severity of illnesses, the critically ill patients are

more susceptible to malnourishment than other patients. The objective of this study was to ex-

amine the nutritional status of patients admitted to the ICU of Sina university referral hospital
© in Tehran. ‘ o :

Thirty patients ( mean age of 60.08. years) were evaluated in a cross-sectional study. The
" amounts of calorie and macronutrients including carbohydrate, lipid, and protein given by
parenteral and/or cnteral route over a 14-day period were calculated. The exact need of calorie
and macronutrients of patients were also determined. The acute physiology and chronic
health evaluation (APACHE) score II was used to evaluate the physiologic parameters and to
calculate mortality risk of patients. : ' ’ )

Significant differences (P<0.001) between needed and received calorie and protein were obser-
ved. No significant difference was observed between received calorie and protein between en-
teral and parenteral groups. Mortality rates and risks were not influenced by the amount of
calorie and protein réceived between surviving and non-surviving patients. Although . patients

in the ICU were not adequately fed there was no association with increased mortality.

Introduction

Although the importance of nutritional support has been
knowledge for two decades, malnutrition remains one of

the most scrious problems in hospitalized patients. Inci-

dence of malnutrition is about 30 to 60 percent [1]. It has
been reported that almost all critically ill patients who
needed mechanical ventilatory supports suffer from malnu-
trition. In this report, even with 14 days post hospitaliza-
tion and initiation of nutritional support, 94% of patients
showed some degree of nutritional deficiencies [2).

Adequate nutrition of patients in Intensive Care Unite
(ICU) is very important because both under- and over-
feeding in terms of macronutrients, carbohydrates, fats and
protein can cause several complications. Overfeeding can
lead to hyperglycemia, elevated blood urea nitrogen con-
centration, elevated CO, production resulting in delayed
weaning from mechanical ventilation, leukopenia, reticulo-
endothelial system dysfunction, and decreased bacterial

clearance. Underfeeding may cause increased protein turn-
over, increased risk for decubitus, muscle degradation,
decreased resistance to infection and increased mortality in
patients with Multi Organ Failure (MOF). Furthermore,
inadequate administration of electrolytes, trace elements
and vitamins can lead to specific problems. [3-5]

In an ICU, especially-ventilated patients need to be artifi-

cially fed by parenteral. and/or enteral route. It is mostly
recommended to use enteral routc. Enteral Nutrition (EN)
is claimed to be less expensive, safer, and more physio-
logically advantageous as it prescrves gut barrier function.
[6-8] . '

Calorie, protein and mineral contenls of used EN solutions
in the studied hospital are not specifically determined thus
they can be categorized as non-standard nutritional solu-
tions. In addition, Parenteral Nutrition (PN) solutions are
expensive and not easily available. This study evaluates the
nutritional status of critically ill patients admitted to the
1ICU. :
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Methods

This was a cross-sectional study. Thirty adults ICU pa-
tients admitted to the Sina referral University hospital from
mar 2001 to mar2002, who were not able to feed orally,

not contraindicated for nasogastric intubation and a mini-.

mum hospital stay of 14 days, were enrolled in this-study.
All relevant information, patient’s characteristics, history
of comorbidities, reasons for ICU admission, laboratory
tests and physiologic variables were recorded. The Harris-
Benedict equation was used to determine patients basal
energy expenditure (BEE) [9].

BEE (men) = (66.47+13.75W+5H—6.76A)

BEE (women) = (655.10+9.56 W+1.85H-4.68A
Where W, H, A represent weight (kg), height (cm),
and age (year)

Total energy expenditure (TEE) was calculated by
multiplying BEE with stress factor:

TEE= BEE *Stress factor

The values for stress factors used were:
1-mild starvation

1.05-postoparative without complication
1.25-peritonotis

1.55-sever infection

1.45-cancer [10]

To establish the amounts of needed carbohydrates and fat,
the published guidelines of American consensus statement
on EN and PN were used. It is recommended that 30-50%
of the amount of energy provided as carbohydrates with a
maximum of 5 g/kg/24h and 50-70% in the form' of fat
[{11]. The amount of protein intake that permit anabolism
in non-stressed patients is set between 1.2-1.5g/kg/d, and
in the absence of significant hepatic or renal disease this
remains the goal. In the critically ill patients the optimal
protein intake is approximately 1 5g/kg/d [12].

In order to determine the carbohydrate, lipid and protein
contents of gavage solutions administered enterally, samp-
les were randomly obtained from the gavage containers. To
cstimate actual protein content of gavage solutions, Kjelda-
hl method [13] was used while Soxhlet method [14] was
applied for actual lipid quantifications. For carbohydrate
portion, the method of Lane-Eynon was used [15]. The
severity of disease was measured according to APACHE
score IlI. To calculate the mortality risk, the following
equation was considered: Ln(R/1-R) =-3.517+(APACHE II
scorex(.146)+H0.603 only if post emergency surgery)+
(diagnostic category weight). [16]

Ln= Logarithm neperian
R= the risk of hospital death.

Student t-test, and Pearson correlation tests were used for
statistical determination of differences and correlation be-
tween variables respectively.

Mojtaba Mojtahedzadeh'

Results

Baseline characteristics of the study patients are presented
in Table 1. Fifty percent of patients received a combination
of EN+ PN, whereas 16.6% and 33.4% of patients received
only PN and EN respectively. Compared to the calculated
amounts of energy per individual, all patients received less
calories. In 26.7% of patients, the amount of calorie re-
ceived was 25-50% of calorie needed and only 13.3% of

patients received 80-95% of calorie needed. There was a

significant difference between caloric need and intake
(P<0.001).

The mean protein need of patients was 69.23+2.34 g but
the mean amount received was 42.4842.00 g. There was a
significant difference between protein need and intake
(P<0.001). Most patients received less protein than needed
and only 23.3% of patients received 75-90% of protein
needed. Patients on EN received more calorie and protein
than parenteral route, but differences were not significant.
Survived patients received more calorie and protein than
non-survived, but there were not significant differences.
Table 2 summarizes nutritional status of patients.

There was no correlation between percent of calorie receiv-
ed and APACHE difference (APACHE1-APACHE2)
(r=0.145, P=0.445) or percent of protein received and
APACHE difference (r=0.043, P=0.820).

Mortality risk at admission (mortality risk1) and 2 weeks

'later (mortality risk2) were 48.07+4.24% and 45.10+5.75%

respectively. There was not correlation between percent of
calorie received and mortality risk difference (mortality
risk2-mortality risk1) (r=0.004, P=0.984) and percent of
protein received and mortality risk difference (r=0.048,
P=0.801).

Discussion

This study showed that all patients warded at ICU were
underfed . Patients received only 59.7% of calorie and
57.5% of protein needed. The mean calorie required was
35 kcal/kg whereas the mean amount of intake was 20
kcal/kg.

In the present study the Harris-Benedict calculation was
used for measurement of calorie need. It has been reported
that in 28% of patients, the calculated amount of energy by
Harris-Benedict was lower than the measured energy ex-
penditure by indirect colorimetry. [5]

According to another report, total energy expenditure of
critically ill patients rises from 25 and 31 kcal/kg/d in the
first week to 47 and 59 kcal/kg/d in the second week in
sepsis and trauma respectively [17].

Concerning physiology, economic and mortality, EN is
thought a preferred route of nutrition delivery [18-19].



Quality of nutrition in critically ill patients 163

Table 1. Baseline characteristics of study population (n=30)

Characteristic Frequency Percent Mean (range)
Age (years) - - 60.03 (18-88)
Sex (female) 10 333 -

Hight (cm) - - 171 (150-190)
Weight (kg) - - 71 (60-90)
APACHE II at admission - - 25 (18-32)
APACHE 11 2 weeks later - - 23 (10-39)
Mortality risk at admission - - 48.07 (13-91)
Mortality risk 2 wees later - - 45.10 (6-96)

Reason for admittance:

:

Surgical 12 40 -
Medical 18 60 -
Comorbidity
CVA 10 333 -
Trauma 5 16.7 -
Endocrine 3 10 -
COPD/Asthma 2 6.7 -
Gl 3 10 -
Neurological 5 16.7 -
Cardiac 1 3.3 -
Lymphoma 1 33 -
Table 2: Nutritional status of patients
Parameters Requirement Intake

All patients (n=30)
Calorie

Carbohydrate 2346.33+81.23 kcal 1401.33+11.10 kcal
Lipid 474.23+2548 g 261.60+20.63 g
Protein 80.70£3.90 g 65.14+3.49 g
69.23+2.34 g 42.48+2.00 g
EN group (10 patients)
Calorie 2232.504+98.91 kcal 1452.81+47.41 kcal
Carbohydrate 436.00£29.52 g 251.40+15.07 g
Lipid 83.15+¢5.14 g 62.73£593 g
Protein 72.50+2.38 g 45.96x3.05 g
PN group (5 patients)
Calorie 2193.00+164.90kcal 995.00+173 .49 kcal
Carbohydrate 453.20+61.58 g 163.20+38.02 g
Lipid 75.80£9.40 g 46.80+9.70 g
Protein 69.20+£3.48 g 37.60£6.40 g
EN+PN group (15 patierts)
Calorie 2473.33+136.84kcal 1503.13+£77.70 kcal
Carbohydrate 512.73x41.71 g 301.20+34.37 g
Lipid 80.70+6.52 g 54.86+4.73 g
Protein 67.06+4.27 g 41.80+£2.75 g
Survived patients
Calorie 2348.68+117.63kcal 1447.00£119.37keal
Carbohydrate 470.89+32.13 g 267.47+29.87 g
Lipid 82.70+4.95 g 59.06+4.77 g
Protein 67.68+3.40 g 40.12+2.63 g
Not-survived patients
Calorie 2342.27+95.00 kcal 1322.45+86.07 kcal
Carbohydrate 480.00+43.08 g 251.45+24.00 g
Lipid 77.22+6.50 g 51.09+4.66 g
Protein 71.90+2.48 g 46.50+2.76 g

EN and PN represent enteral nutrition and parenteral nutrition respectively.



164

Mojtaba Mojtahedzadeh'

It has been shown that EN reduces the nosocomial infec-
tion risk, hospital stay, risk of MOF and Systemic Inflam-
matory Response Syndrome (SIRS) [20]].

There is also evidence that -the incidence of inadequate
nutritional intake in EN patients is higher when compared
with parenteral group (78% versus 25%) [21]. In thisstudy
patients given PN and EN received EN+PN received more
_calorie than those treated enteral or parenteral alone.

Using Therapeutic Intervention Scoring System (TISS) for
determination of correlation between severity of illness and
nutritional status in studied patients, it has been shown that
on admission to ICU, 57% of patients are well-nourished
and 43% malnourished. Mortality in well-nourished and
malnourished patients is 20 and 31% respectively [22].

Patients who had greater APACHE and mortality risk
scores also showed higher mortality rate. No significant
relationship was found between nutrition status and mortal-
ity risk.

It has been’shown that only depleted energy (but not other
nutritional and anthropometrics parameters) indirectly re-
lates with survival in ICU children [23].

The influence of nutrition on reducing mortality rate in
patients with APACHE score between 10-15 has been re-
ported [24]. Regarding patients outcome, adequacy of nu-
tritional support had no benefit on reduction of illness se-
verity.

A large difference was observed between needs and re-
ceived calorie and protein, however with regard to the
effects of non-nutritional factors, no significant relation-
ship between calorie/protein and patients mortality were
observed.

ICU patients are in hyper-metabolic state and would have
much higher protein-calorie requirements. Since protein-
rich formulations of parenteral solutions are expensive and
are not easily available, dextrose solutions are solely used
in most cases without supplementary protein for nitrogen
balance purposes, thus patients on PN received less protein
than EN group.

Conclusions

For enteral nutrition, standard solutions with defined quan-
tities of calorie, protein and micronutrients must be consid-
ered and present house- or hospital-made formulations do
not seem to be appropriate for utilization in ICU. Calorie
and protein amount of these solutions are not defined and
they may be infected by microbes.
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Abstract

Formaldehyde still remains the most widely used fixative for histological and histochemical
work. This also remains the main component of embalming fluid. Unfortunately, formalde-
hyde is hazardous to health. It is, therefore, advisable to appropriately inform the users of this
reagent regarding the recent findings bearing on its toxicity. In this review, a survey of pub-

lished data on its toxic nature is presented.

Introduction

Formaldehyde is a gas, which is soluble in water to appro-
ximately 40 percent by weight. This saturated solution is
available commercially as a 40 percent formaldehyde, or
formalin. Formaldehyde prepared as 10 percent solution in
physiological saline still remains the most widely used
fixative for routine histological, cytological and histo-
chemical work. However, formaldehyde compounds are
harmful and therefore require careful handling.

It has been well established that formaldehyde reacts with
the amino groups of proteins [1] in a pH dependent manner
leading to the formation of cross-links between the mole-
cules eventually via methylene bridges giving risc to an
insoluble product. Formaldehyde has been shown to react
rapidly with phosphatidyl ethanolamine causing degrada-
tion of the compound. Phospholipids, while not ‘fixed’ by
formaldehyde, may be prevented from diffusing into the
fixing fluid by the addition of calcium [2,3] or cobalt [4]
without affecting their solubility in lipid solvents.
Formaldehyde has little effect on free carbohydrates but it
does fix glycoproteins. Formalin also favours the staining
of acidic structures with basic dyes and diminishes the
effect of acid dyes on basic structures [5].

Formaldehyde exposure is most common through gas-
phase inhalation. However, it can also occur through lig-

uid-phase skin absorption. Workers can be exposed during
direct production, treatment of materials and producing of
resins. Health care professionals, pathology and histology
technicians and students who' handle preserved specimens
are potentially at high risk. At levels to which humans may
be exposed adverse effects are most likely to be observed
primarily following inhalation [7]. It has been shown ex-
perimentally that effects on humans are more closely re-
lated to concentration than to the accumulated total dose,
this is due to the rapid metabolism, high reactivity and wa-
ter solubility of formaldehyde [8]. Dermal exposure pre-
dominantly affects the skin itself and little, if any formal-
dehyde reaches the blood stream. There is a relatively large
exposure to formaldehyde from ingestion of food, but most
of it is present in a bound form [9].

Most books on histological and histochemical methods
merely state that these reagents are ‘toxic’ to the skin,
without stressing on their spectrum of harmful effects®.
Most laboratory workers, mortuary staff and other users of
formaldehyde and its mixtures are not informed about the
dangers of exposure to these reagents. Aside from the pre-
vious work of Bulo [6], literature on the hazardous effects
of formaldehyde and its mixtures is also scant or non-
existent, particularly in this part of Nigeria.

In this paper, the authors intend to highlight the toxic,
mutagenic and carcinogenic effects of formaldehyde.

|
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Bulo [6] has shown that formalin has an irritant vapour
which may injure the nasal mucosa and cause sinusitis.
Dermatitis may be caused upon prolonged contact of skin
with formaldehyde. Sugiura et al [10] succeeded in creat-
ing a uniform, reproducible hardened lens nucleus and an
anterior capsule in a pig by injecting the lens with mixture
of formalin and alcohol. Allergic dermatitis has been dem-
onstrated from direct skin contact. In addition are varied
forms of reactions ranging from simple erythema to -macu-
lopapular lesions, hyperesthesia, and angioneuretic edema.
Inhalation causes varying degrees of interstitial inflamma-
tion of the lungs, thus, airborne formaldehyde is an irritant
producing tissue damage and regenerative hyperplasia at
the site of entry and it possesses genotoxic activity, induc-
ing DNA protein cross links also at the site of entry. Focal
chronic inflammatory changes dévelops in the heart and
kidney depending on the length of exposure {11].

Sheliey [12] reported that formaldehyde induces asthma in
individuals that are well exposed to it. The investigator
also reported photosensitivity in a 48 year old man who
experienced pruritus, burning and redness of the skin
within minutes of exposure to sunlight. In most studies,

formaldehyde alone or in combination with other agents

causcd transient, reversible declines in lung function, but
there was no evidence that formaldehyde induces chronic
decrement in lung function. There are a few case reports of
asthma-like symptoms caused by formaldehyde but none
of these demonstrated a sensitization effect and the symp-
toms were considered to be due to irritation [13]. The
works of Liden et al [14] did not support the hypothesis
that specific IgE antibodies are active in the pathogenesis
of contact sensitization.

In a previous work (unpublished data), we observed cen-
trolobular necrosis and mononuclear cell infiltration of the
liver parenchyma as well as renal tubular necrosis, hyalini-
zation, glomerular loss due to severe necrosis and intersti-
tial infiltration by mixed inflammatory cells in rabbits ex-
posed to formaldehyde fumes for 30 days.

Discrimination between genotoxicity and cytotoxicity for
the induction of DNA double-strand breaks in cells treated
with aldehydes and diepoxides ‘has been achieved [15].
These authors investigated the time-dependent dose re-
sponse relationships for the induction of DNA double-
strand breaks (DSB) assessed by pulsed-field gel electro-
phoresis (PFGE) and for viability in order to discriminate
between genotoxic and cytotoxic mechanisms of DNA
fragmentation. Volk et al treated cultured human lung
epithelial cells (i) with formaldehyde and (ii) with the
DNA-DNA interstrand crosslinkers melphalan, diepoxybu-
tane or diepoxyoctane and DNA fragmentation was
checked. It was suggested that formaldehyde treatment
induced double strand break imgplicating the activation of
DNA degrading enzymes.

Tang et al [16] have found that the DNA damage of human
leukemia (HL—60) cells was caused by methyi tert- butyl
ether (MTBE), a new gasoline additive, and its metabo-
lites, tert-butyl alcohol (TBA), a hydroxyisobutyric acid
(HIBA) and formaldehyde, with release of lactate dehy-
drogenase as an indicator for evaluating its cytotoxicity.
Their results showed that MTBE, TBA and HIBA at levels
of 1 to 30 mmol/L could cause DNA damage, in a dosc-
dependent pattern and that formaldehyde at level 5 mmol/L
could cause DNA damage but at a higher level could de-
crease DNA migration. Dukes [17] found that formalde-
hyde may cause genotoxicity by a dual mechanism of di-
rectly damaging DNA and inhibiting repair of mutagenic
and carcinogenic DNA lesions by other chemical and
physical carcinogens. In addition to DNA protein cross-
links, formaldehyde induces breaking of DNA single
strand, chromosomal aberrations, sister chromatids ex-
change, gene mutations and cell transformation in human
cells in vitro. '

International Agency for Research on Cancer reported the
possibility that formaldehyde induces pathological or cyto-
genic changes in the nasal mucosa which has been exam-
ined in people exposed in occupational settings like the
laboratory, mortuary, and chemical industry resulting in
squamous cell metaplasia and mild dysplasia of the respira-
tory epithelium and micronuclei in mucosal cells. The
Agency, however, also reported that there were no conclu-
sive data showing that formaldehyde is toxic to the repro-
ductive system or to developing fetuses in humans. Contact
uticaria has also, but rarely, been associated with exposure
to formaldehyde. Cases have been reported in a nonatopic
histology technician, and a worker in a pathology labora-
tory [18,19]. However, there are no conclusive data show-
ing that, formaldehyde is toxic to the immune system.
Pross et al [20] concluded that long-term exposure to for-
maldehyde had not affected the six immune parameters
measured, but that short term acute exposure resulted in a
minor immunological changes. No igE mediated sensiliza-
tion could be attributed to formaldehyde [21].

Formaldehyde in very high concentration has been re-
ported as a potent carcinogen. Short term exposure can be
fatal, symptoms are often more severe at the start of expo-
sure than after minutes or hours, when they gradually di-
minish. However, the odour threshold is low enough that
irritation of the eyes and mucous membranes will occur
before these levels are achieved. Long term exposure to
low levels of formaldehyde may cause respiratory diffi-
culty, eczema and sensitization®. The cytotoxicity of for-
maldehyde, a monomer released from certain polymeric
dental materials, has been studied in cultured human oral
fibroblasts and epithelial cells [22]. The influences of
growth conditions werc evaluated for both cell types, as
well as the role of the internal and external thiol states. The
authors noted that a one-hour exposure to formaldehyde
decreased the colony-forming efficiency (CFE) of both cell
types in a concentration dependent manner, although the
toxicity varied up to 100-fold with the conditions. It was
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then concluded that the combined use of a controlled ex-
ternal milieu arid the presumed target cell type may be ad-
vantageous in evaluations of oral toxicity mechanisms or
the toxic potency of dental materials, particularly those
which, like formaldehyde, may react with thoils or amines.

The effect of environmental pollutants, diesel exhaust par-
ticles (DEP) and formaldehyde (FA), on the production of

pro-inflammatory cytokines by normal human dermal -

keratinocytes (HKCS) has been investigated [23]. Having

incubated normal HKCS with various concentrations of -

DEP, the authors determined cytokine production by en-
zyme-linked immunosorbent assay (ELISA). They found
that DEP (20pg/ml) induced 1L-8 production without alter-
ing cell growth. They also observed that although FA alone
did not stimulate the production of 1L- 1§ or IL- 8 and 1L
— 1p . production respectively, in cells stimulated with
phorbol 12-myristate 13 acetate (PMA). Their findings
suggest that environmental pollutants may act as modulat-
ing factors of cutaneous inflammation by affecting the abil-
ity of keratinocytes to release pro-inflammatory cytokines.

Di Felice and Lambardi®* applied a paraformaldehyde
preparation (Toxavit) to an inflamed and symptomatic pulp
of the mandibular right first molar, in a 30-year-old
woman. They noted that the leakage from the product was

responsible for marked necrosis of the gingival and the °

alveolar cortical bone, which resulted in loss of the tooth,
concluding that formaldehyde induced tooth decay.

Mutagenic Effect of Formaldehyde

The mutagenic effects of FA have been compared in DNA
repair-proficient (heterokaryons of Neurospora crassa®.
The data from their experiments with the DNA repair-
deficient strain H-59 demonstrate that comparable concen-
trations of FA cause more pronounced inactivation of het-
erokaryotic conidia and, at the highest concentration tested,
about a 35-fold higher frequency of adduct-3 mutations
resulting from multilocus mutation in H-59 than in H-12.
The workers concluded and it is this class. of FA- induced
adduct-3 that might be most expected to show deleterious
heterozygous effects, adding that the implications of their
experiments with Neurospora are that the mutagenic effect
of FA might well vary in different human population sub-
groups. Several reports have shown that paraformalde-
hyde- containing zinc oxide-eugenol cements in particular,
such as Endomethasone and N,, are antibacterial. On the
otherhand, it has been found that endodontic materials with
strong antimicrobial activity are frequently mutagenic, i.c.
primarily those which relcase formaldehyde. Geurtsen and
his colleague have shown that, in general, formaldehyde-
containing zinc oxide-eugenol cements are classified as

extremely cytotoxic, whereas most calcium hydroxide (Ca-

(Co), — based sealers are rated as possessing good or excel-
lent cytocompatibility but wamed that sealers with inferior
biocompatibility, such as formaldehyde-releasing materi-
als, should no longer be applied in practice because safer
altermatives are available.

Chronic inhalation of toxic concentrations of MTBE has
been shown to cause renal tubular cell neoplasms in male
Fischer 344 rats and hepatocellular adenomas in female
CD-1 Mice [26]. Mennear has observed that neither MTBE
nor its metabolite, t-butyl alcohol, possess mutagenic po-
tential in vitro and a second metabolite, FA, is mutagenic
in vitro but in vivo results are equivocal. The 1980 report
that inhaled formaldehyde induced nasal squamous cell
carcinomas in rats and had a significant societal impact and
resulting in an excessive research in the fields of rodent
nasal pathology and human cancer risk assessment [27]. In
the case of formaldehyde, Morgan recommended that low-
concentration (< or = 2 ppm airborne exposure) extrapola-
tion, where no tissue damage is observed, be uncoupled
from the responses at high concentration (> or = 6 ppm),
where epithelial degeneration, regencrative cell replication,
and inflammation appear to be essential driving forces in
formaldehyde carcinogenesis, stating that the presence of
treatment- related nasal lesions in rats following exposure
to chemicals should always be treated as an indication of a
potential human, oral or dermai route.

Among methanol and its metabolites, formaldehyde has
been found to have the strongest inactivating effect on the
activity of alpha- antitrypsin preparation and inhibitor ex-
isting in blood serum [28]. Skrzydlewska and his colleague
have shown that the influence of formaldehyde on the ac-
tivity of serum alpha 1-antitrypsin is lower in comparison
with purified inhibitor and that alpha l-antitrypsin modi-
fied by formaldehyde inactivates the trypsin in its action on
the BAPA to a smaller degree than on the hemoglobin. The
cffective formaldehyde concentration in the case of BAPA
was found to be 64mM, and in the case of the hemoglobin
was about 256 mM.

Chemicals including FA, and certain arsenic compounds
have been shown to produce DNA-protein cross-links in
human in vitro cell systems at high doses, such as thosc in
the cytotoxic range [29]. Excluding paraformaldehyde and
2-furaldehyde treatments, significant increases in DNA-
protein cross-links were observed by the authors at doses
that resulted in complete cell death within 4d following
dosing with FA. Their work demonstrates that DNA-
protein cross-links can be formed in vitro following expo-
sure to a variety of industrial compounds. Titenko-Holland
et al [30] found that FA caused micronucleus formation
and that the primary mechanism of micronucleus formation
appeared to be chromosome breakage, concluding that this
finding is consistent with known clastogenic properties of
FA, the component of embalming fluid most likely respon-
sible for micronucleus induction. Formaldehyde has been
shown to produce metaplastic and dysplastic stages of the
nasal epithelium as well as using starting values of cell
proliferation to stimulate a tissue growth process {31). Nor-
mal tissue renewal and progressive transitions between
normality and hyperplasia after exposure to formaldehyde
have been obtained [31].
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Precautionary measures

For tissue fixation in histology laboratories and other em-

balming centers, staff should be made aware of the hazard-

ous effects of FA as highlighted in the text. Formalin gives
off an unpleasant vapour that causes irritation to the eyes
and respiratory epithelium, particularly distressing to some
individuals. For this reason, some system of forced ventila-
tion should be a feature of any room used for the dissection
of formalin-fixed tissues and all containers should be pro-
vided with well fitting, corrosion-resistant lids. In addition,
rubber gloves or an efficient barrier cream should be worn
when handling formalin-fixed material, for while some
workers appear to be immune from its effects, others will
suffer an ‘unpleasant formalin dermatitis’ after immersion
of the hands in this solution. Concentrated acid formalin
should not be treated with magnesium or calcium carbon-
ate as the consequent release of carbondioxide has been
shown to be responsible for a serious explosion in the labo-
ratory.

Commercial formalin is usually \acidic due to the formic
acid content which is present either as an impurity or as a
result of oxidation of the FA. For this reason, it should be
made neutral or slightly alkaline prior to its use as a fixa-
tive which can be achieved by the use of calcium acetate.
The use of neutral or slightly alkaline formalin fixatives
results in a marked increase in the frequency with which
ferric ion can be demonstrated and an almost complete
absence of the formation of formalin pigment.

When preparing and handling aqueous padding emulsions
incorporating Epikete 821, the usual precautionary meas-
ures recommended for using FA resin should be taken to
minimize skin vapour contact. Goggles and face shields,
rubber protective clothing and gloves are essential where
there is possibility of contact with padding solutions or
where accidental splashing may occur. The workroom
should be kept clean, breathing of vapours should be
avoided. Exhaust fans and air conditioners should be in-
stalled in cut-up, post mortem and embaimment rooms to
remove excess formalin fumes in circulation. Be sure that
FA solutions are clearly labeled with the chemical’s name
and hazards. As with any laboratory chemical, do not
mouth pipette FA solutions. Do not eat, drink or smoke
where FA is handled, processed or stored since it can be
swallowed. Always wash hands thoroughly after its use,
even if gloves are womn. Store FA in labeled, chemically
compatible containers, away from heat and flame. Always
place large volume containers on a low, protected shelf or
" in another location where they will not be accidentally
spilled or knocked over.

Formaldehyde has been observed to be a potential mutagen
and carcinogenic, hence it is necessary to ensure that the
safcty precautions outlined above are strictly adhered to so
as to minimize the rate and level of exposure to FA. Labo-
ratory and mortuary workers should periodically be

screened through cytological evaluation of nasal squamous
epithelial cells for early detection of cancer.
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Abstract

Morphometric estimation of the vertical and transverse diameters of the lumbar interverte-
bral foramina (IVF) of normal Saudi population was done at King Khalid University Hospi-
tal, Riyadh, Saudi Arabia.

The plain anteroposterior radiographs of 600 lumbar spines of normal Saudi population
were analyzed for measurements of vertical and horizontal diameter of intervertebral foram-
ina with the help of a digitizing Tablet connected to a microcomputer.

The vertical diameters of lumbar intervertebral foramina varied from 26.2 mm to 17.2 mm
in males and 25.6 mm to 16.3 mm in females, whereas the horizontal diameter was 17.5 mm
to 9.2 mm in Saudi males and 16.1 mm to 8.1 mm in Saudi females. The least recorded verti-
cal diameter was observed at L/S; in all age groups especially those above 50 years.

The vertical diameter of 1VF increased rapidly at an early age in females as compared to
males. The least vertical and horizontal diameters of IVF at Ls/S; level in +50 age group pre-
disposes old people to the frequently observed symptoms of low back pain. The present study
provides an insight to the Physicians, Surgeons, Anatomists and Physiotherapists about the
anatomy of lumbar IVF, necessary for the interpretation and treatment of the low back pain,
lumbar foraminectomy and reconstruction procedures employed for the burst fractures.

Introduction capsules, synovial membranes, articular cartilages, fi-
broadipose meniscoids or fat pads of the synovial zyga-

The intervertebral foramen (IVF) is the principal route of ~ pophyseal joints [5]. Foraminal stenosis of the lumbar

entry and exit from the vertebral canal {1]. It is bound su- spine and compression of a spinal nerve within an IVF is
periorly and inferiorly by the pedicles of the adjacent ver- one of the distant feature of the lateral spinal stenosis [3].
tebrae, whereas the anterior boundary is formed by the

posterior margin of the vertebral bodies and the interverte- ~ The dimensions of the intervertebral foramina, however,

il

bral disc [2]. The posterior boundary consists of the pars
interarticularis, ligamentum flavum and superior articular
process of the vertebra below [3]. The lumbar interverte-
bral foramina are shaped like an inverted teardrop, and lie
between the two principal lines of attachment of the psoas
major muscle [4]. The walls of each foramen are covered
throughout by the collagen of periosteal, perichondral, an-
nular or capsular origin [2]. Each segmental spinal nerve
is the chief content passing through the corresponding
lumbar IVF and may be affected by trauma, prolapsed in-
tervertebral disc, or the many disorders of the tissue bor-
dering the foramen, i.e., the compact bone of pedicles, the

change constantly during daily activity [7-9]. Therefore the
symptoms in patients with spinal stenosis are aggrevated or
relieved by the posture of their lumbar spine [10=12].
Various methods has been employed in the past for estima-
tion of the diameters of IVF and lumbar vertebral canal,
however, radiographic estimation of interpedicular distance
is considered to be a reliable technique [2,11]. As the age
related and racial variations of intervertebral foraminal
diameter have been documented by various authors [11-
17], hence the present study was designed to present a brief
report on the morphometric variations of the lumbar IVF in
Saudi population.
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Materials and Methods

Plain antero-posterior radiographs of the lumbar spines of
600 subjects (300 males, 300 females) with ages ranging
from 10 to 70 years, were studied. Radiographs were se-
lected from the medical records of patients who had at-
tended the Accident and Emergency unit of the King
Khalid University Hospital, Riyadh, from January 2000 to
December 2002, with history of suspected recent injury to
the spine, and in whom no bony injury was found. A stan-
dardized technique was used in taking radiographs, using
the same radiographic equipment and putting the patients
in the recumbent position. The X-ray beam was centered
on the 3" lumbar vertebra and directed at 90 degrees to the
film. An anode-film distance of 100 cm was maintained.
The magnification resulting from the use of this technique
was negligible. All films were screened for

— [— 4

readability and certified to be free from spinal pathology
by a diagnostic radiologist.

Selection of subjects

Care was taken to exclude individuals with a history of
back pain over the past 12-month period or patients receiv-
ing treatment for back pain. Other exclusion criteria in-
cluded: (1) history of surgery for disorders related to the
vertebral column; (2) history of growth disorders; (3) his-
tory of systemic bone disease; (4) history of chronic renal
disease; (5) history of malabsorption; (6) evidence of sco-
liosis, kyphosis or other spinal pathology. Male and fe-
male subjects were grouped separately into 5 age groups.
Each age group spanned 10 years. Subjects aged above 50
years were grouped together as 50+ years. The age and sex
distribution of the sample are shown in Table 1.

Table 1: Distribution of sample
according to age and sex.

Groups Age Males Females

(years) (n) (n)
A 10-20 60 60
B >20-30 60 60
C >30-40 60 60
D >40-50 60 60
E >50+ 60 60

n-Number of subjects

Fig. 1: Schematic representation of the lumbar IVEF showing landmarks used for measurements of the interveriehral
Joramen diameters: (I-Maximum Horizontal diameter; 2-MinimumHorizontal diameter; 3- Maximum vertical diameter,
4-Disc bulging: 5- Thickness of ligamentum flavum; IAP-inferior articular process of the vertebra above; SAP-superior

articular process of the vertebra below: VB-vertebral body).

Measurements

Intervertebral foramen (IVF) diameters were measured in
two mutually perpendicular planes, (1) and (3) (Fig.1). The
vertical diameter (3) was taken as the maximum dimension
of the IVF in the sagittal plane. At the lower lumbar levels,
the plane of the vertical diameter was oblique, with the
upper end nearer the midline than the lower. The horizontal
diameter (1) was the maximum diameter in a plane at right
angles to the vertical diameter. Pencil marks were first
placed on the limits of the IVF. Distances were then meas-
ured by means of a digitizing Tablet connected to a micro-
computer. All measurements were made by the author.
Each radiograph was measured twice, at separate sittings,
the second measurement serving as a check on the first.
The right and left intervertebral foramina were measured at
each vertebral level. The marks were completely erased
from the films between measurement to avoid bias during
the second reading.

Statistical analysis

The mean (horizontal and vertical) diameters, standard
errors of the means (SEM) and standard deviations (SD) of
the diameters of the intervertebral foramens of all the lum-
bar vertebrac (L, to Ls) were calculated (separately for
males and females) using the computer. Differences be-
tween the mean diameters of the intervertebral foramina of
males and females belonging to the various age groups
were tested by means of a 2-way analysis of variance (2
factor factorial ANOVA) in a completely randomized de-
sign, with vertebral level as a covariate. Multiple 2-tailed

t- test was used in combination with ANOVA to test the
differences between individual mean diameters. 95% con-
fidence limits of the mean diameters were calculated for all
age groups at all levels.
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Results

The mean vertical and horizontal diameters of the interver-
tebral foramina between L, and S, in Saudi

population are tabulated in Tables 2-3. There were signifi-
cant differences (P<0.001) between the mean diameters of
the intervertebral foramen of males and females at all lev-
els in most age groups (Tables 2,3).

Table 2: Mean vertical diameter (mm) of the intervertebral foramina in Saudi population.

Age groups (years)
Level Sex 10-20 >20-30 >30-40 >40-50 >50
L,/L, M 219(2.75) 247(Q1.9) 24.3 (0.4) 24.3 (2.3) 21.1(1.D)
F 22,6 (2.5) 20.8 (0.8) 23.4(1.6) 22.9(1.9) 213 2.7)
L,/L; M 23.0(1.3) 25.4(2.3) 25.5(1.6) 252(34) 24.6 (1.7)
F 23.5(24) 22.9(1.9) 25.0(1.4) 24.4(3.3) 22.7(23)
La/Ly M 22.5(2.5) 25.5(1.4) 243(1.49) 25.6 (2.4) 26.2(1.7)
F 24.7(1.1) 24.8(2.4) 25.6(1.2) 24.1 (2.0) 224 (3.5)
L/Ls M 21.0(1.9) 24.7(1.9) 25.0(1.6) 24.6 (1.6) 22.1(2.5)
F 23.4(1.0) 24.5(1.5) 25.4(1.5) 22.0(1.0) 204 (3.2)
Ls/S, M 17.2 (1.6) 20.9 (2.3) 20.2(2.7) 18.2 (1.6) 18.2 (3.3)
F 22.4 (2.2) 18.2(1.7) 222 (2.1) 19.8 (1.4) 16.3 (1.1)

Standard deviations in parentheses (P < 0.001)

Table 3: Mean horizontal diameter (mmy) of the intervertebral foramina in Saudi population.

Age groups (years)
Level Sex 10-20 >20-30 >30-40 >40-50 >50
L,/L, M 15.4(1.4) 16.3(1.6) 16.0(1.0) 15.7(1.3) 17.5(1.1)
F 15.0(1.7) 15.3(0.6) 14.9(1.2) 16.1(1.3) 14.9(1.1)
Ly/L; M 14.8(1.7) 16.3(2.0) 15.4(1.3) 15.3(1.0) 16.4(1.0)
F 14.6(1.1) 13.6(1.1) 15.6(1.3) 15.4(1.5) 14.9(1.0)
Ly/L, M 14.1(1.5) 15.0(1.1) 13.2(1.6) 14.0(1.0) 14.5(1.6)
F 12.9(1.4) 12.5(1.1) 15.4(1.3) 13.9(1.5) 13.8(1.0)
Ly/Ls M 12.1(1.3) 12.6(1.3) 12.2(1.1) 11.6(1.0) 14.2(1.0)
F 12.7(1.0) 12.5(1.6) 13.9(1.6) 11.9(1.7) 11.1(1.6)
L¢/S, M 9.2(1.6) 10.0(1.0) 9.9(1.3) 9.4(1.1) 12.1(1.1)
F 10.7(1.0) 10.6(1.3) 10.3(1.2) 10.9(1.4) 8.1(3.3)

Standard deviations in parentheses(P < 0.001)
Vertical diameters

The vertical diameters of lumbar intervertebral foramina
varied from 26.2 mm to 17.2 mm in males and 25.6 mm to
16.3 mm in females (Figs. 2-3). It was maximum at L,/L;
and Lj/L4, however it decreased caudally in all age groups.
The least recorded vertical diameter was observed at Ls/S,.
The vertical diameter of Ls/S; increased gradually to a
maximum value in first three decades of life, however it
was minimum in +50 years age group.

Horizontal diameter

The horizontal diameter of lumbar intervertebral foramina
varied from 17.5 mm to 9.2 mm in Saudi males and 16.1
mm to 8.1mm in Saudi females (Fig. 4-5). It increased with
age up till the age of 30 years, remained almost constant in

next two decades, and then slowly declined. The maximum
horizontal diameter was recorded in upper two lumbar in-
tervertebral foramina, whereas minimum values were
found at Ls/S, level, in all age groups especially those over
50 years. :

Discussion

Each lumbar spinal nerve ensheathed in the dural sleceve
traverses through an osteo-ligamentous tunnel, known as
lumbar spinal nerve root canal, in the lateral recess of the
vertebral canal [10-19]. This lumbar spinal nerve root ca-
nal or intervertebral canal has funnel shaped entrance and
an oval exit foramen known as intervertebral foramen [19].
The IVF is the main route of exit of all spinal nerves,
which might be irritated or compressed in various patholo-
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gical conditions [20]. Although the space in the IVF fora-
men is normally adequate for the segmental spinal nerve
[21], however various anatomical variations are possible in
which adjacent nerve roots may be conjoined with an esti-
mated incidence of 4-14% [22]. Such disproportionately
thicker conjoint nerve roots may result in irritation or com-
pression, leading to radicular symptoms [23].

Low back pain, a most common symptom, which affects
50-80% of the population [24], is always an expression of
a disturbance of neurological function [25]. The dorsal root

ganglia (DRG) are highly sensitive to mechanical pressurel.

in the IVF [26]. Earlier studies have shown that DRG are
an important anatomical factor in the patho-physiology of
pain [27]. Two major factors are considered to be respon-
sible for radicular symptoms: congenital or acquired ab-
normalities of nerves or nerve roots; bony and soft tissue
derangements around nerve roots in IVF [18]. These anat-
omic abnormalities can be observed in contrast studies.
The critical dimensions of lumbar foraminal stenosis are
considered to be equal or morc than 15mm for foraminal
height [12], whereas the cross-sectional area of foramina
decreases 15-23.2% during cxtension of lumber spine
[8,9]. The critical dimensions of IVF may vary from level
to level and individual to individual [12]}. The status of
intervertebral disc has been reported to be a major deter-
minant of vertical height of IVF, in addition to fibrous and
osseous changes in the boundaries of these foramina [20-
29]. Degenerative changes in the intervertebral discs are
always associated with osteophyte formation on vertebral
bodies and remodeling in zygapophyseal joints [30-32].

These degenerative changes can lead to stenosis of in- -

tervertebral canal as well as that of spinal canal [33-34].

Among several imaging tools used to evaluate the configu-
ration of lumbar intervertebral foramina, the radiological
interpretation has been considered to be economic, quick
and reliable [35]. The present study is the first of its kind in
the kingdom of Saudi Arabia, to describe the morphomet-
ric evaluations of fumbar IVF in Saudi population. This
study revealed that the vertical diameter (height) of IVF
increased rapidly at an carly age (10-20 years) in females
as compared to males (20-30 years), possibly the indication
of earlier growth spurt in the females under the influence
of hormones. The least vertical as well as horizontal di-
ameters of IVF at Ls/S, level in +50 age group might be
the result of reduced vascularity, less bone density, degen-
erative changes in intervertebral discs and regression curve
of sex steroid hormones [36-42). This predisposes such
senior citizens to frequent symptoms of low back pain due
to compression / irritation of 5™ lumbar spinal nerve or its
DRG in the 5" lumbar IVF with least cross sectional area
[36,43]. Our findings are consistent with frequently ob-
served gradually increasing lumbar radicular symptoms
from fourth to sixth decade, which reach a plateau after the
sixth decade [44). The present study provides an insight to
the Physicians, Surgeons, Anatomists and Physiotherapists
about the anatomy of lumbar IVF, necessary for the inter-
pretation and treatment of the low back pain, lumbar fo-

raminectomy, reconstruction and siabilization procedures
frequently employed for the burst fractures.

Acknowledgements

The author weuld like to thank the Director Accidert and
Emergency Department, King khalid University Hospital,
Riyadh, for providing the material used in this study.

References

1.  Sinnatamby CS. (ed.), Last’s Anatomy: Regional and
applied. Edinburgh: Churchill Livingstone 1999;
414-431.

2. Williams PL, Warwick R, Bannister LH, Dyson M.
(editors).  Gray’s Anatomy, 37" Ed. Edinburgh:
Churchill Livingstone 1989; 315-324.

3. Romanes GJ. Cunningham’s Textbook of Anatomy,
12" Edition. Oxford University Press 1981; 89-103.

4. Crock HV. Normal and pathological anatomy of the
lumbar spinal nerve root canals. J bone Joint Surg
(Br) 1981; 4: 487-490.

5.  Giles LGF. Spinal and intervertebrtal canals. In: Giles
LGF, Singer KP, eds. Clinical anatomy and manage-
ment of low back pain. Oxford: Butterworth-
Heinemann 1997; 97-113.

6. Gettey CJ, Johnson JR, Kirwan EO, et al. Partial un-
dercutting facetectomy for bony entrapment of the
lumbar nerve root. J Bone Joint Sur Br 1981; 63: 330-
33s.

7. Mayoux-Benhamou MA, Revel M, Aaron C, ct al. A
morphometric study of the lumbar foramen: Influence
of flexion-extension movements and of isolated disc
collapse. Surg Radiol Anat 1989; 11. 97-102.

8. Inufusa A, An HS, Lim TH, et al. Anatomic changes
of the spinal canal and intervertebral foramen associ-
ated with flexion-extension movement. Spine 1996;
21: 2412-2420.

9.  Schmid MR, Stucki G, Duewell S, et al. Changes in
cross-sectional measurements of the spinal canal and
intervertcbral foramen as a function of body position:
In vivo studies on an open-configuration MR system.
AJR. 1999; 172: 1095-1102.

10. Hesagawa T, An HS, Haughton VM, et al. Lumbar
foraminal stenosis: Critical heights of the interverte-
bral discs and foramina. A cryomicrotome study in
cadavera. J Bone Joint Surg (Am) 1995; 77: 32-38.

11. Hesagawa T, Mikawa Y, Watanabe R, et al. Mor-
phometric analysis of the lumbosacral nerve roots and



Morphometric analysis of the lumbar intervertebral foramina

177

12.

13.

14,

15.

16.

17.

20.

21.

22.

23.

24.

dorsal root ganglia by magnetic resonance imaging.
Spine 1996; 21: 1005-1009.

Fujiwara A, An HS, Lim TH, Haughton VM. Mor-
phological changes in the lumbar intervertebral fora-
men due to flexion-extension, lateral bending and ax-
ial rotation. Spine 2001; 26: 876-882.

Ericksen MF. Some aspects of aging in the lumbar
spine. Am J Physical Anthropol 1976; 45: 575-580.

Ericksen MF, Aging in the lumbar spine. Iil. L5. Am
J Physical Anthropol 1978; 46: 247-250.

Bogduk N, Twomey LT. Clinical anatomy of the
lumbar spine. London: Churchill Livingstone 1987;
1-80.

Oda J, Tanaka H, Tsuzuki N. Intervertebral disc
changes with aging human cervical vertebra. Neonate
to eighty years. Spine 1988; 13: 1205-1211.

Amoono-Kuofi HS. Morphometric changes in the
heights and anteroposterior diameters of the lumbar
intervertebral discs with age. J Anat 1991; 175: 159-
168.

Kikuchi S, Hasue M, Nishiyama K, Ito T. Anatomic
and clinical studies of radicular symptoms. Spine
1984; 9: 23-30.

Lee CK, Rauschning W, Glenn W. Lateral lumbar
spinal canal stenosis. Classification, pathologic anat-

omy and surgical decompression. Spine 1988; 13:
313-320.

Hu SJ, Xing JL. An experimental model for chronic
compression of dorsal root ganglion produced by in-
tervertebral foramen stenosis in the rat. Pain 1998;
77: 15-23.

Amoono-Kuofi HS, El-Badawi MGY. Ligaments
related to the intervertebral canal and foramen. In:
Giles LGF, Singer KP eds. Clinical anatomy and
management of low back pain, Vol. 1. Oxford: But-
terworth-Heinemann 1997; 114-133.

Kadish LJ and Simmons EH. Anomalies of the lum-
bosacral nerve roots. An anatomical investigation
and myelographic study. J Bonc Joint Surg 1984; 66:
411-416.

Rydevik B, Brown MD, Lundborg G, Pathoanatcmy
and pathophysiology of nerve root compression.
Spine 1984; 9. 1-15.

White AA and Gordon SL. Synopsis: workshorp on
idiopathic low back pain. Spine 1982; 7: 141-149.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

38.

Wyke BD. The neurology of low back pain. In: Jay-
son MIV (ed.), The lumbar spine and back pain, 3%
Ed. London: Churchill Livingstone 1987; 56-99.

Vanderlinden RG. Subarticular entrapment of the
dorsal root ganglion as a cause of sciatic pain. Spine
1984; 9: 19-22.

Cohen MS, Wall EJ, Brown RA et al. Cauda equina
anatomy II: Extrathecal nerve roots and dorsal root
ganglia. Spine 1990; 15: 1248-1251.

Panjabi MM, Takata K, Goel VK. Kinematics of lum-
bar intervertebral foramen. Spine 1983; 8: 348-357.

"Nowicki BH, Haughton VM, Schmidt TA, et al. Oc-

cult lumbar lateral spinal stenosis in neural foramina
subjected to physiologic loading [see comments].
Am J Neuroradiol 1996; 17: 1605-1614.

Vernon-Roberts B, Pirie CJ. Degenerative changes in
the intervertebral discs of the lumbar spine and their
sequlae. Rheumatol rehabil 1977; 16: 13-21.

Ciric I. The lateral recess syndrome. J Neurosurg
1980; 53: 433-443,

Bullough PG, Boachie-Adjei O. Atlas of Spinal Dis-
eases. J.B. Lippincott Philadclphia 1988; 84-97.

Kirkaldy-Willis WH, Heithoff KB, Tchang S, Bowen
CVA, Cassidy JD, Shannon R. Lumbar spondylosis
and stenosis. Correlation of pathological anatomy
with high resolution computed tomographic scanning,
In: Post MID, ed. Computed Tomographic of the
Spine. Baltimore: Williams and Wilkins 1984; 495-
505.

Giles LGF, Kaveri MJP. Some osseous and soft lis-
sue causes of human intervertebral canal (foramcn)
stenosis. J Rhcumatol 1990; 17: 1474-1481.

Amoono-Kuofi 11S. Morphometric changes in the
height and anteroposterior diameters of the lumbar in-
tervertebral discs with age. J Anatomy 1991; 175:
159- 168.

Sato K, Kikuchi S. An anatomic study of foraminal
nerve root lesions in the lumbar spine. Spine 1993;
18: 2246-2251.

Amoono-Kuofi HS. Age related variations in the
horizontal and vertical diameters of the pedicles of
the lumbar spine. J Anatomy 1995; 186:321-328.

Tanaka N, Fujimote Y, An HS et al. The anatomic
relation among the nerve roots, intervertebral foram-

|



178 Rufai

ina,. and intervertebral discs of the cervical spine.
Spine 2000; 25: 286-291.

39. Jenis LG. An HS. Spine update: Lumbar foraminal
stenosis. Spine 2000; 25: 389-394.

40. Grimes PF, Massie JB, Garfin SR. Anatomic and
biomechanical analysis of the lower lumbar foraminal
ligaments. Spine 2000, 25: 2009-2014.

41. Willen J, Danielson B. The diagnostic effect from
axial loading of the lumbar spine during computed
tomography and MRI in patients with degenerative
disorders. Spine 2001; 26: 2607-2614.

42. Panjabi MM, Kato Y, Hoffman H, Cholewicki J. Ca-
nal and intervertebral foramen enchroachments of a
burst fracture. Spine 2001; 26:1231-1237.

43. Amoono-Kuofi HS, El-Badawi MG, Fatani JA, Butt
MM. Extraspinal course of the fifth lumbar spinal

nerve: An update of its topographical relationships.
Clin Anat 1991; 4: 319-326.

44. Nagosa Y, Kikuchi S, Konno S. Epidemic study of
lumbar canal stenosis. Presented at the annual meet-
ing of the Japan Spine Research Society, Asahikawa,
Japan, June 21-22, 1991.

Correspondance:

Dr. Amin A. Rufai

King Khalid University Hospital & College of Medicine
King Saud University

P.0.Box-2925, Riyadh 11461

Kingdom of Saudi Arabia

Phone: +9661 4671301
Fax: +9661 4671300.
e-mail: aminu_rufai@hotmail.com



Biomedical Research 2003; 14 (2): 179-184

Ultrastructural aspects of chronic iron-sorbitol overload n rat

hver

Meltem Ozgiiner*, Ozlem Dabak*, Nursen Saym**

*Siileyman Demirel University, Medical School, Department of Histology- Embryology, Isparta, Turkey.

**Ankara Umiversity, Medical School, Department of Histology-

Embryology, Ankara, Turkey.

Key words: iron-sorbitol, chronic overload, ultrastructure, liver.

Accepted August 17 2002

Abstract

The liver is a major site of iron storage. Some patients took iron supplements for many years
especially in chronic tranfusion therapy of syndromes including pure red cell aplasia, aplastic
anemia and thalassemia. We aimed to investigate ultrastructural aspects of chronic iron-
sorbitol overload in rat model relatively in a short period of time.

Ten Wistar albino rats (200-250gr) were divided into 2 groups in this study. Group I was ad-
ministered saline (control group); Group II received iron-sorbitol (Jectofer, Eczacibasi Phar-
maceutical) 2 days a week for 8 weeks at a dose of 400 mg/kg/day. Liver tissues were sectioned
for electron microscopy, tissue blocks were embedded in Araldite, random sections were
stained in uranyl acetate and lead citrate and scanned in Jeol JEM 1200 electron microscope.

Electron microscopic evaluation revealed visible ferritin particles in cytoplasm of paranchymal
cells and iron-laden Kupffer cells. Also fibrillar agregattes which were thought to be collagen
fibrilles were closely associated with the surface of hepatocytes.

In conclusion, our experimental study support the concept that parenteral iron overload may
have a direct effect on stimulating collagen synthesis by hepatocytes, and we have observed
that the only parenteral form of iron obtained in our country, iren-sorbitol, could produce
some morphologic abnormalities alone in a relatively short period of time. This experimental
model could be useful for parenteral iron overload investigations.

Introduction

Iron is an element essential for almost all living cells {1].
Tissue iron overload causes cell damage and organ dys-
function [2]. Hereditary or primary haemochromatosis is
an inborn error of iron metabolism based on an increased
intestinal absorption of iron from a normal diet that results
in increased iron deposition in the heart, skin, liver and
pancreas [2,3]. Transfussion related or secondary tissue
iron overload occurs following the transfusion of approxi-
mately 100 units of blood without significant bleed-
ing.Chronic transfusion therapy of syndromes including
pure red cell aplasia, aplastic anemia and thalassemia result
in transfusion-related iron overload [2].

Experimental  primary haemochromatosis  has  been
achieved by various dietary manipulations [4-10]. Also in
experimental animal models, features of transfusional iron
overload have been produced by parenteral administration
of massive doses of iron chelates [4,11,12].

Using experimental animal model, we aimed to study ul-
trastructural aspects of chronic iron-sorbitol overload to
determine if the only parenteral form of iron obtained in
our country, iron-sorbitol, could produce some morphol-
ogic abnormalities alone.

Materials and Methods

Ten Wistar albino rats (200-250g) were used in this study.
They were fed a standart rat chow diet. The animals were
divided into 2 groups. Group 1 was administered saline
(control group); Group 1I received iron-sorbitol (Jectofer,
Eczacibasi Pharmaceutical) by intramuscular injections 2
days a week for 8 weeks at a dose of 400 mg/kg/day. After
completion of iron-sorbitol administration, rats were sacri-
ficed by high dose ether anesthesia for histologic examina-
tion.

For electron microscopic examination, segments of liver
from 5 ironloaded animals and 5 controls were fixed at
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room temperature in 2% paraformaldehyde- 2,5% glutaral-
dehyde dissolved in 0.2 M phosphate buffer (pH 7.2). After
a 1-2 h period of fixation, tissue blocks were washed in
several changes of buffer and immersed for 60-120 min in
1% OsO, Tissue blocks were then washed in buffer and
upon completion of dehydration in ethanol, tissue blocks
were embedded in Araldite. At least eight blocks were ob-
tained from each liver. Random sections from each block
were stained in uranyl acetate and lead citrate and scanned
in Jeol JEM 1200 electron microscope Areas of interest
were photographed at original magnifications of x1900-
4800.

Results

Electron microscopic evaluation revealed ferritin visible as
particles dispersed throughout the cytoplasm of parenchy-
mal cells. The concentration of dispersed ferritin was

greater in liver cells of animals from iron loaded group

(Fig.1) as compared to controls (Fig.2).

Mitochondrial matrix demonstrated concentrated and mi-
tochondrial volume was increased (Fig.3-4).

At x 3600 magnification, those lysosomal dense bodies in

liver cells of experimental animals were suggestéd as
siderosomes of iron-exposed cells. Unlike controls, iron-

loaded rats frequently exhibited iron-laden macrophages
dispersed throughout the space of Disse. The appearance
and properties-of these cells were identical to Kupffer cells

(Fig. 3).

At intermediate - magnifications, fibrillar aggregates were
visible in the perisinusoidal space in the livers of obtained
from iron-loaded rats- (Fig.4). These fibrillar aggregates

. were- absent from livers of control. The majority of colla-

gen fibril bundles in iron-loaded rats were closely associ-
ated with the surface of hepatocytes (Fig.4).

No fibroblasts or inflammatory cells were seen to be asso-
ciated the collagen fibril bundles in the intercellular space.

Lipocytes which were easily identified by accumulation of
lipid droplets, were not seen adjacent to the fibrils (Fig.5).
Electron dense ferritin molecules were not located in lipo-
cyte cytoplasm, however well-developed Golgi apparatus
was identified in cell cytoplasm. The ultrastructural fea-
tures of endothelial cells of sinusoidal capillaries were es-
sentialiy similar to those of controls and also siderosomes
were not visible in cell cytoplasms

Fig 1. Electron micrograph of the experimental group showing ferritin particles dispersed throughout the
cytoplasm of parencliymal cells. Uranyl acetate-Lead citrate x4800.
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Fig. 2. Electron micrograph of the control group. Kupffer cell and hepatocytes observed without ferritin particles

in cell cytoplasms. Uranyl acetate-Lead citrate x1 900.

Fig. 3. Electron micrograph of experimental group. Iron-ladden macrophages dispersed throughout the space of

Disse. Uranyl acetate-Lead citrate x3600.




Fig. 4. Electron micrograph of the experimental group showing collagen fibril bundles closely associated with
the surface of hepatocytes. Uranyl acetate-Lead citrate x3600.

Fig. 5. Electron micrograph of the experimental group. Lipocytes could easily be identified with lipid droplets in
cell cytoplasms. Kupffer cell was also observed with siderosomes. uranyl acetate-Lead citrate x2900.
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Discussion

Some patients took iron supplements for many years on the
advice of a physician, and others took excessive amounts
of iron of their own volition without an identifiable need.
Several authors have reported hepatic iron was mainly lo-
calized into parenchymal cells in the enterally treated rats
[3,4,9,10] and in reticuloendothelial cells in the parenter-
ally treated rats [15,16]..

It is generally agreed that the presence of more than a few
ferritin particles in the cytosol of cells, other than erytroid
line precursors and macrophages, indicates iron over-
load.The presence of iron-containing lysosomes termed
siderosomes and smaller and/or coalesced particles proba-
bly represent degraded ferritin forming hemosiderin. Re-
peated transfusions, hemodialysis, and iron injections into
experimental animals have all been shown to increasc stor-
age iron (1). Transfusional iron overload is accepted
mostly benign and well tolerated for many years[1].

Although all the molecular details have not becn estab-
lished, a growing body of evidence indicates that iron ex
erts toxic effects by of its abbility: 1- to form highly reac-
tive free radicals, especially from oxygen, and 2- to in-
crease lysosomal instability [14]. Iron-catalyzed injury
results in damage to cell constituents, including mitochon-
dria, lysosomes, and the sarcolemmal membrane.It was
reported that these mechanisms of iron-mediated damage
are involved in the pathogenesis of organ dysfunction in
primary hemochromatosis, transfusion-related iron over-
load, ischemia-reperfusion injury, and cardiac anthracy-
cline toxicity [2].

In previous studies, features of transfusional iron overload
have been produced by parenteral administration of mas-
sive doses of iron chelates and in these models hepatic
fibrosis have been demonstrated after prolonged periods of
heavy iron loading [11]. In our experimental model,by low
dose 1ron-sorbitol administration up to 8 weeks could eas-
ily produce transfusional iron loaded animals but severe
organ damage could not been observed after 8 weeks of
parenteral iron sorbitol administration.

Brissot et al suggested that subhuman primates brings new
evidence that iron per se has only a minor hepatic damag-
ing effect [11]. As a consequence of the low bioavailability
of carbonyl-iron, especially in already iron loaded animals,
the chronic feeding of carbonyl-iron-enriched diet up to 9
months produced only a moderate iron overload in the rats
[3]. However, the TMH-Ferrocene iron-loaded rats also did
not show severe organ damage as typically found in
hereditary hacmochromatosis [3].

When iron overload becomes heavier, an insoluble com-
pound of variable composition, called hemosiderin, occurs
in hepatocytes and in other cells [14]. The present study
has shown that most hemosiderin is found in secondary
lysosomes called siderosomes in hepatocytes, which con-

gregate around the biliary poles of hepatocytes.

Mitochondria are essential in the handling of iron within
the cell and, therefore, they represent a primary target of
‘oxidative liver injury during iron overload [13]. Bacon et al
demonstrated no changes in mitochondrial function when
iron as either ferritin or hemosiderin or as a combination
was added in vitro to normal liver homogenates [10]. Gal-
leanu et al suggested that lipid peroxidation occurs after
mild iron overload even though the liver remains func-
tional {12]. Mitochondrial changes in this experimental
model was also in favour of oxidative injury hypothesis.

Park et al first demonstrated the production of hepatic fi-
brosis by chronic dietary iron overload [4]). Each individ-
ual cell of the hepatic lobule (hepatocyte, Kupffer’s cell,
endothelial cell, and fat-storing cell) may be actively in-
volved in the fibrogenic process by either being dircctly

_ responsible for collagen biosynthesis or contributing to the

production of diffusible factors that are mediators of the
fibrogenic process.It was reported that the cells responsiblc
for enhanced collagen gene expression in the carbonyl iron
rat model are indeed fat-storing cells [15] and some au-
thors claimed fat storing cells in the mechanism of hepatic
fibrosis in the gerbil in response to parenteral iron-dextran
overload {19]. In our parenteral iron-sorbitol administra-
tion model, fat storing cells were not included in tissue
pathology and also the results of our study was infavour of
another study which indicate that hepatic reticuloendothe-
lial cell iron overload is pathogenetically linked to the fi-
brogenic process when iron accumulation in these cells is
secondary to hepatocellular necrosis (sideronecrosis) and is
mainly caused by the phagocytic activity of necrotic or
severely damaged iron-laden hepatocytes [15].

Jancu et al [18] note increased ferritin in ‘secondary ly-
sosomes whereas this finding did not secn in Weintraub et
al. experimental study [16]. On our electron microscopic
examination of this experimental model, lysosomal dense
bodies in liver cells of iron-sorbitol loaded animals were
seen.

Some investigators have speculated that accumulation of
excess iron in hepatocyte lysosomes leads 1o destruction of
these organelles and cell damage initiated by the released
enzymes. However, in our clectron microscopic studies
and those of Iancu andWeintraub there was no evidence of
cell or subcellular organelle membrane abnormalitics de-
spite the presence of fibrosis [16,18]

In an experimental model, animals werc iron loaded by
receiving intraperitoneal injections of iron-dextran and this
experimental model suggested in view of the absence of
any adjacent fibroblasts, reticuloendothelial cells or lipo-
cytes, the location of the collagen fibrils indicate that they
may have been synthesized by the hepatocytes [16]. Using
electron microscopy, we were able to visualize structures
which had the characteristics of collagen bundles immedi-
ately adjacent to the surface of hepatocytes of the
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ironloaded animals and collagen fibrils were seen between
paranchyma! cells or in the space of Disse.The hepatic
parenchymal cells from adult rats have becn reported to
produce type IV collagen (basement membrane collagen)
as well as types I and HI collagen (interstitial collagen)
[17]. Our experimental study also support the concept that
parenteral iron overload may have a direct effect on stimu-
lating collagen synthesis by hepatocytes.

In conclusion, according to our knowledge this experimen-
tal model was the second iron-sorbitol administered study
but the first study was the result of a 2-year study on ba-
boons.Our experimental model seems to be suitable for
transfusional iron overload in rats in a relatively short ex-
perimental period. We have mainly observed that the only
parenteral form of iron obtained in our country, iron-
sorbitol, could produce some morphologic abnormalities
alone.
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Abstract

Ethanolic extract of the roots of Parquetina nigrescens were prepared and used for in vitro stud-
ies on eight individual blood samples obtained from confirmed sickle cell patients in remission.
The results obtained revealed that the aqueous partitions of ethanolic extracts of Parquetina ni-
grescens not only improved the morphology of already sickled cells, but it also inhibited and re-
versed the sickling process. The extracts of the root of the plant exhibited their inhibitory effect
by delaying the time it takes for the cells to sickle in the presence of a powerful reducing agent,
sodium metabisulphite. The phytochemical analyses showed that the plant contained alkaloids,

tannins, saponins and cardiac glycosides.

Introduction

Management of sickle cell disease using local African
herbs as medicinal plants has long been in practice. This is
evident from the fact that local names had long been re-
ported for this disease. Such names include Chwech-
weechwe by Ga tribe of Ghana, Adep by Banyangi tribe of
Cameroun and Arunmolegun by the Yoruba tribe of Nige-
ria.

Howcver, in recent times, researchers have directed efforts
towards assessing medicinal plants for in vitro antisickling
activities. These research efforts aimed at investigation of
candidate plants for the management of sickle cell disease
have been well described. Extract of the bark and root of
Baobab have been reported to have beneficial effect in in-
" hibiting and reversing the sickling process [1]. Also inves-
tigation of the antisickling potential of Adansonia digitata
(Bombacaceae) showed that the plant significantly reverses
already sickled cells but had little effect on the sickling
process [2]. Elsewhere seeds of Cajanus cajan were re-

ported to inhibit as well as, reverse the sickling of HbSS -

erythrocytes. Bioassay guided extraction and column frac-
tionation of the seed extract yielded an active fraction,
which delayed gelation of HbSS and increased its affinity
for oxygen [3,4].

Earlier studies by Sofowora and others [5,6] had provided
the pioneering impetus for laboratory study of these tradi-
tional medicaments.

There have bcen undocumented reports that Parquetina
nigrescens (called ewe ogbo in Yoruba) is used in local
treatment of sickle cell anaemia in Western part of Nigeria.
We decided to investigate the efficacy and antisickling po-
tentials of this plant to justify its unpublished use in the
management of sickie cell disease.

Materials and Methods
Plant Materials

Roots of P. nigrescens were obtained from the herbal farm
of Dr. Olaleye, Consultant Haematologist, State Specialist
Hospital, Akure. The plants were later taken to the Crop
Soil and Pest Management Department of the Federal Uni-
versity of Technology, Akure for botanical identification.

Extracts from plants

Extraction of plant material was performed as described as
elsewhere {3].

Blood collection

Fresh venous blood (5-10ml) was obtained from eight con-
firmed volunteer sickle cell patients at the State Specialist

Hospital, Akure. The patients were not in crises at the time
of collection.
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Effect of Parquetina nigrescens on sickling

The inhibition and reversion of sickling by P. nigrescens
extract was investigated as described elsewhere [3].

Phytochemical screeining

The phytochemical screening tests were carried out as de-
scribed by Sofowora [7].

Results and Discussion

Figure 1 shows the mean inhibitory effect of extracts of P.
nigrescens on sickling in the presence of a reducing agent
(sodium metabisulphite). The data reveal that the number
of cells sickled in the presence of P. nigrescens extract
were significantly reduced when compared with control
(cells treated with sodium metabisulphite only). The per-
centage inhibition (Figure 2) is the ratio (in percentage) of
the positive difference between the number of cell sickled
in the presence of sodium metabisulphite only and P. ni-
grescens extract to that of control.

There is apparently no documental evidence of the antisi-
ckling potential of P. nigrescens. This study is therefore
the first to report on this subject. Unpublished information
about P. nigrescens reveals that the aqueous extract of the
leaves can be used locally to treat anaemic patients and
was also found to be a potent blood builder.

Figure 2 shows the mean number of cells reverted in the
presence of P. nigrescens extract. The baseline presickled
cell is 100% and serves as the basis for calculation of
percentage reversion which is the difference between the
baseline and number of cell sickled in a given time (Figure
4).
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Fig. I1: Inhibition of sickling by P. nigrescens
C- Sickling in sodium metabisulphite
P-  Sickling in sodium metabisulphite and P. nigrescens

Both the results obtained from the experiments for sickling
reversion and inhibition indicate that in vitro action of the
‘crude extracts of P. nigrescens are rapid. At least 50% of
already sickled erythrocytes can be reversed within 10
minutes. The results show that P. nigrescens has great an-
tisickling properties (Figures 1 and 3). The efficacy of the
inhibitory effect of the extract was taken as the time ratio

that the sodium metabisulphite was able to cause a 50% ‘

sickling of the HbSS erythrocyte in the presence and ab-
sence of extract. It takes about 60 minutes for almost 96%
of the erythrocyte cells to sickle with sodium metabisul-
phite. On addition of P. nigrescens extract, the time inter-
val was prolonged to about 180 minutes. In Figure 2, from
the curve of percentage inhibition, it was observed that as
the number of sickle cells reduce in the presence of P. ni-
grescens, the percentage inhibition increases due to inhibi-
tory effect of the plant extract. With time the number of
sickle cells increased and the percentage inhibition
dropped. Peak activity was obtained at 45 minutes when
there was maximum inhibition of sickling in the presence
of P. nigrescens extract.

In the reversion of the already sickled erythrocytes (ISC’s),
P. nigrescens greatly reversed the already sickled erythro-
cytes to normal round shapes. The sickling reversal ex-
periments were performed with erythrocytes with high
percentage of already sickled cells (not less than 70%).

Figure 3 shows the curve for a typical set of result obtained
using HbSS erythrocytes presickled in bulk as already de-
scribed. The plant reverses almost 50% of the sickled cells
to normal round shapes in about 10 minutes and micro-
scopic observation revealed that there was a great im-
provement in the morphology of the sickled erythrocytes in
contact with the plant extract.

The use of sodium metabisulphite in sickling induction is
probably a more drastic approach than what actually hap-
pens in the vascular system. In that case, P. nigrescens
extract may perform its antisickling action more efficiently
under in vivo redox conditions than has hitherto been dem-
onstrated.
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_Fig. 2: Percentage inhibition of sickling in the
presence of P. nigerescens
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tives as the active principle [1]. It has also been reported

100 4 that the aqueous extract of Cajanus cajan contains: a high

level of an essential amino acid, phenylalanine [8]. Other

90 - studies show that aromatic amino acids such as phenyla-

w 80 lanine, tryptophan and tyrosine are potent inhibitors of

§ 70 - HbSS gelation [9,10). In a related study, it was found that

° the antisickling properties of thyroid hormone analogues

2 60 - like L-tyrosine were similar to those of the physiologically

2 active thyroid hormones (T; and T,), suggesting that the

‘Z’, 50 1 antisickling properties were not related to the hormonal

8 40 - function [11]. Further investigation of the secondary me-
§ 30 | tabolites is essential in order to determine the active an- B

& tisickling principle of this plant. The efficacy of an an-

8- 20 - tisickling agent, whether in vivo or in vitro, must be associ-

10 1 - ated by a set of reproductive criteria. It must act effectively

and rapidly, especially in cases of severe crisis as well as

0 T T " possess minimal side effects. Since P. nigrescens is already

0 50 100 150 being used as a local remedy in the management of sickle

Time in minutes cell disease, it is hoped that pharmacological studies might

prove that it possesses minimal toxic effects.

Fig. 3: Reversion of sickling in the presence of P. nigeres-
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Abstract

Sudden cardiac-death is a common consequence in the patients on hemodialysis
and may also occur during immediate post dialysis period; higher incidence of
ventricular arrhythmia has been described for such occurrence. QTc dispersion
reflects the underlying regional heterogeneity of ventricular depolarization. The
present pilot study had been conducted to evaluate the QTc dispersion before
and after uncomplicated hemodialysis session.

50 patients of chronic renal failure, without CHF, diabetes mellitus (DM) and
Ischemic heart disease (IHD) were selected. The QTc dispersion was determined
by the difference between the largest and shortest QTc intervals measured on a
12 lead surface electrocardiogram. Following hemodialysis sessios in this pilot
study, maximum QTc was increased from 500.16+52.81 to 539.16+62.18 ms
(p<0.05) and QTc dispersion increased from 65.45+22.24ms to 99.56£25.23 ms
(p<0.001).

In summary, hemodialysis perse does induce in increase of QTc dispersion,
might be due to rapid changes in plasma electrolyte concentration which are all
well known influencing factors to cause arrhythmogenic effects. Measurement of
QTc dispersion therefore can provide a cheap and simple bedside method that
could assess the increased myocardial inhomogeneity in the hemodialysis pa-

tients and to take necessary action accordingly.

Introduction

Evidence exists that patients of chronic renal
failure on maintenance hemodialysis show high
incidence of ventricular arrhythmias. Sudden car-
diac death (SCD) is quite common in these pati-
etns and may occur during and immediately after
the dialysis session [1,2]. This arrhythmogenic
cffect of standard hemodialysis procedure is
mainly attributed to the rapid change of intra-and
extra cellular concentration of electrolytes [3,4].
It is well known that regional inhomogeneity of
repolarisation time in adjusted areas of myocar-
dium has been associated with higher risk of ven-
tricular tachy-arrhythmias. Inter-lead variability
of QT internal in surface electrocardiogram i.e.
QTc dispersion reflects the régional differcnces

in the ventricular recovery time [5,6] which in-
turn can elicit the re-entrant type of arrhythmias.
The inter-lead QTc dispersion, thereforc has been
proposed as a simple and cheap indicator of ar-
rhythmogenic risk and is able to predict morc
proneness to severe ventricular arrhythmia or
sudden cardiac death in patients with hypertro-
phic obstructive cardiomyopathy myocardial in-
farction and congestive heart failure (CHF) [7].

The prescnt pilot study had been conducted with
the purpose of evaluating the effects of hemodia-
lysis session on, QT dispersion in paticnts with
chromic renal failure (CRF) but without any clini-
cal evedence of heart disease. The measurcment
of QT dispersion in chronic uremia paticnts on
maintenance hemodialysis is an intriguing matter



190

Khan et al

of investigation and therefore recommended as a
routine investigation before, during and after
hemodialysis.

Material and Methods

The present study included 50 patients of CRF
(32 males, 18 females) with mean age of 51.46+
9.08 years on twice weekly maintenance hemodi-
alysis. The patient had undergone hemodialysis
32+9.21 times.

The composition of dialysate used for hemodialy-
sis was: Potassium 2mgq/L, Calcium 3mgq/L, So-
dium 135 mq/L and Magnesium 0.75 mq/L, Chlo-
ride 106mq/L. The patients suffering from DM,
CHF, IHD, AF or other conduction disturbances
were excluded. No patient was under any pharma-
cological agent, which is known to affect the QT
interval.

12 lead surface electrocardiogram were taken be-
fore and 15 minutes after the end of uncompli-
cated hemodialysis session.For each ECG re-
cording, 3 consecutive QT intervals were measu-
red from each lead and the arithmatic mean was
calculated. QT values, these after were corrected
for heart rate by using Bazett’s formula to obtain
corrected QT interval (QTc). The QTc dispersion
dispersion was determined as the difference be-
tween the maximum and minimum value of QTc
interval in different leads (at least 10 leads) of
the same recording. The arithmetic mean of QTc
from 12 leads was assumed to be QTc interval
length.

Blood pressure and heart rate were noted during '

the same time of ECG recordings. Plasma level of
electrolytes, blood urea, serum creatinine and
hematocrit values were determined at the onset as
well as at the end of hemodialysis session. Only
the data of those sessions of hemodialysis were
considered when no clinically significant hypo-
tensive episode occurred.

All the results were expressed as mean = SD. The
statistical analysis was done by using studies ‘t’
test for paired data and Pearson’s correlation test.
Differences were considered statistically signifi-
cant when ‘p’ value was <0.05.

Results

An increase in QTc dispersion was noted follow-
ing hemodialysis session from pre-dialysis value
of 65.45+22.24 ms to 99.56+25.23 ms which was
found to be statistically significant (Table 1).
Similarly, QTc interval also increased from
500.16%52.81 m sec to post dialysis value of
539.16+62.18 ms Following hemodialysis session,
the plasma concentration of potassium was noted
to be decreased (6.14+1.36 vs 3.95+0.52 meq/L),
while calcium levels increased (9.25+0.65 Vs
10.42+0.82 mg/dl) (Table 2). However, no sig-
nificant relations were observed between increase
in QTc dispersion and blood pressure, hematocrit
value at the onset of hemodialysis session as well
as with age, sex or duration of hemodialysis.

Table 1: Distribution of various particulars in the study subjects

S.No. Particular Males Female Total

1. Number 32 ’ 18 50

2. Age (Years) 52.344+9.21 50.27+8.33  51.31+8.92
3. Duration of CRF (Years) 7.45+£6.12 7.14+5.46 7.22+25.73
4. TSP (gm/dl) .82+10.83 7.42+0.87 7.61+0.83
5. S. Albumin (gm/dl) 4.18+0.65 3.92+40.75 408+0.71
6. S. Globulin (gm/dl) 3.71+1.18 3.54+1.12 3.62+1.14

CRF: Chronic renal failur; TSP* : Total serum proteins

Table 2: Changes induced by hemodialysis (HD) on QTc dispersion, QTc length,
heart rate and blood pressure in study group

S.No. Variable Before HD After HD P value
1. QTc Length (ms) 65.45+22.24 99.56+25.23 <0.001
2. QTc Dispersion (ms) 500.16+52.81 539.16+£62.18 <0.05
3. Heart rate (bpm) 74.34+18.17 80.17+20.16 MS

4. Systolic B.P. (mmHg) 160.18+28.46 146.74+20.18 <0.001
5. Diastolic B.P. (mmHg) 92.48+12.68 85.56x10.26 <0.001

|
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Discussion

Cardiac arrhythmias are very common in patients
on maintenance hemodialysis and among them the
ventricular arrhythmias are the most severe ones.
They occur very frequently.during and after the
hemodialysis session [1,2,10]. They can be the
cause of serious life threatening conditions al-
though do not seem to predict the overall mortal-
ity in hemodialysis patients [8]

Rapid changes occur in both extra as well as in-
tracellular fluid composition, which can account
for the increased incidence of ventricular ar-
rhythmias during and after the hemodialysis ses-
sions. The rapid reduction of potassium and ele-
vation of ionized calcium levels in plasma can
cause cardiac arrhythmias [3]. Arrhythmogenic
effects of hemodialysis also depends upon the
plasma-dialysate potassium gradient. It has been
demonstrated that the arrhythmogenic effect of
hemodialysis was reduced when a constant plasma
dialysate potassium gradient was used instead of
the constant low potassium dialysate concentra-
tion [4].

It has been reported that regional inhomogeneity
of duration of ventricular recovery and severe
ventricular arrhythmias are linked to each other
[5]. Since increased values of QTc dispersion re-
flect regional differences of myocardial repolari-
zation, they are considered as a predictor of ar-
rhythmigenic risk [5,9]

In the present investigation it has been noted that
hemodialysis induces a significant increase of
QTc dispersion. These findings aer closely simi-
lar to other studies [10-12].

Potassium is the most important factor along with
Magnesium for maintaining the electrical stability
of myocardium. They are also inv-olved in creati-
ng normal excitability, impulse propagation and
regular ventricular recovery. Thus it is likely that
the dialysis induced disequilibrium i.e. rapid re-
duction of extra-cellular potassium concentration
might be an important reason for increased QTc
dispersion.

The exact pathogenesis of increase in QTc¢ disper-
sion following hemodialysis is not so clear be-
cause there are no well-defined study protocols in
addition many dialytic composition and individ-
ual factors potentially affect this parameter. In
present investigations, patients suffering from
diabetes mellitus, congestive heart failure, ische-
mic heart disease, atrial fibrillation or other con-
duction disturbances were not included. Further
studies are necded to be conducted in such patie-
nts of chromic renal failure to investigate if in-

creased QTc dispersion is really associated with
severe ventricular arrhythmias in them

Conclusion

It can be concluded from this pilot study that the
dispersion of QTc interval does increase after
hemodialysis treatment indicating increased in-
homogeneity of ventricular repolarization. Meas-
urement of QTc and QTc dispersion is a cheap
and simple bedside method to assess the increased
myocardial inhomogeneity in dialysis patients.
The role of dialysis induced increase in QTc dis-
persion as prediction of severe cardiac arrhyth-
mias or sudden death remains to be assessed by
further investigation involving more number of
patients.
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Abstract

To describe the referral patterns in primary health care population using the Interna-
tional Classification of Primary Care Coding System (ICPC) and to compare with dif-
ferent estimator referrability rate Vs referral rate of the referral status.

A cross- sectional study in primary care setting was carried out. Modified encounter
form was used for data collection from medical records using the ICPC coding system.
The study was conducted on 2290 out of 200,000 encounters per year, which were ran-
domly selected by utilizing a computerized random number generator. The concept of
referrability rate as ‘proposed by Smit et al (1997) to compare the pattern of referral
was used.

At 2.53% of encounters (95% CI: 1.9% to 3.18%) at least one referral was recorded.
The specialties mainly included were emergency room, obstetrician/gynecologist, sur-
gery, dermatology and ophthalmology. The highest referral rates were observed for
respiratory system (22%), skin (16.49%), reproductive system (13.55%) and eye
(13.55%) giving referrability rates of 0.98%, 5.6%, 17.7% and 8.33%, respectively.

The referrability rate, when considered together with the referral rate, provided the
general practitioners‘and specialists with a frame of reference for their own work which
was also helpful for designing training and continuous medical education programs.

Introduction

Auditing the referral system from primary care (0 sccond-
ary care contributes to the improvement of the quality of
care and lessening costs of medical services [1]. Wide
* variations in referral ratcs between doctors are observed
and further investigation on this subject has been encour-
aged recently [2,3]. Many factors may contribute to this
variation such as health carc structure different nationali
‘ies of physicians and local morbidity patterns of general
practice [3].

This international classification of health problems in pri-
mary care is bascd on problems as defined by the doctor
[4], which ailows collection of encountered data more rc-
liably and constantly [5,6].

International referral studies using International Classifica-
tion of Primary Care (ICPC) have found that 38.7% of re-
ferrals were described in symptomatic terms in Spain com-
pared to 17.7% in Portugal while the rest of referrals were
described in diagnostic terms. These two countries repre-
sent the extremes of the range of six European countries
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[7,8]. In Australia, the percentage of new referrals to medi-
cal specialists is 6.5 per 100 encounters.

Since the implementation of referral sysiem in Saudi Ara-
bia in 1989, available studies have been examined for the
effectiveness of the referral system, quality of referral lct-
ter and referral process indicating wide variation in referial
rates from 2.6-6.6 per 100 encounters [9-12]. However, to
the best of our knowledge no national study described re-
ferral pattern per encounter as an effective part of consulta-:
tion process using the International Classificationof of Pri-
mary Care, 2™ edition ( ICPC2).

This study, aims to describe referral patterns of primary
care setting at National Guard Housing (Iskan) over one
year period, utilizing the ICPC2 in terms of referral rates
and referrability rates for different diagnostic categories.

Methods

This cross-sectional study was conducted at primary hcalth
care scrvices at suburb of National Guard Housing (Iskan)
Riyadh .All the ten-satellite clinics of Iskan, which were
covered by non-board certified physicians supervised by a
family mcdicine consultant for each clinic, were included
in the study. These clinics serve as a catchment arca of a
total population of approximately 40,000 patients with
estimated 200,000 encounters per year.

Data was collected from the data base of the Departmicnt of
Family and community Medicine at King Fahad National
Guard Hospital (KFNGH), was developed from January
1* to December 31st 1998 using the International Classifi-
cation of Diseases, 10" edition (ICD-10)."* Thesc encoun-
ters werce considered to be the sample frame of our study.
The sample frame of the encounters was subjected to ran-
dom sclection process using computer-generated random
numbers to select 2290 encounters and these represented
the study sample size. The sample was determined based
on an cxpecled prevalence of approximately 50% with a
2% margin of error to provide 95% confidence limits for
the estimates of population proportions ignoring finite
population corrcction because of the large population size.

Collected data provided with a list of encounters including
medical record numbers and date of encounters, which was
drawn from the department’s morbidity database, based on
the previous randomization using modified encounter
forms [8-14]. ICPC2 classification was used for diagnostic
calegorization and therapeutic procedures. Confidentiality
was ensured by separating paticnt’s identification and as-
sociated morbidity data. The modified structured encounter
forms included sections for age and gender of patients;
rcasons for encounters (up to five); problems managed (up
to four); status of the problem (old/new); treatments pro-
vided (up to five); tests and investigations (up to five);
referrals and planned follow up (within 3 months). Re-
searchers included only new referrals arising from re-

corded encounters. The new measure of referrability rates,
introduced by Smit et al.[15] has been utilized to gain in-
sight into the likelihood of a condition being referred. The
referrability rate is defined as the frequency of referrals for
particular problem per 100 encounters for that problem
[8,15].

Data was collected, manually checked for completeness

and verified for electronic coding by randomly selection of.
onc to every ten encounter forms through an experienced;
ICPC2 coder who checked the coding against the forms.'
Statistical package (EPI info 6.04 version C) was used for
data entry and analysis [16]. Analysis included descriptive
statistics, proportions were prescnted as percentages. Chi
square test was used to compare proportions among the
groups. All morbidity data, both written and electronic,
were maintained in a secure fashion in the department of
Family Medicine, KFNGH, Riyadh.

Results

This Survey included a total of 2290 encounters, 2592
problems and 3898 reasons for encounters. In this study, a
total of 60 referrals resulted from the 58-referral encoun-
ters for a total of 59 problems. Two-thirds of referral en-
counters were of less than 12 years old and one third were
of more than 12 years old. Males and females constituted
53% and 47% of the referral encounters, respectively. Sev-
cnty percent of all problems managed at all referral en-
counters were new while 30% of them were old. The
highest rates of the referrals were recorded for 25-29 years
old group (20%) whereas the lowest one was recorded for
0-3 years old (1.8%).

Table 1 displays that at 2.53% of encounters (95% CI:
1.9% to 2.18%) at least onc referral was recorded whereas
refcrral rate per 100 encounters was 2.62% (95% CI: 1.96
to 3.2%) .At 2.27% of total encounters at least one referral
to a specialist was recorded.At least quarter of speccialist
referrals were to emergency room. Problems that were re-
ferrcd to emergency room included bronchiolitis (26.6%),
pneumonia (13.3%) and laceration/cut (13.3%). Eighty
percent of all problems referred and managed at emergency
room were new whereas 20% of them were old.

Table 2 shows that acutc bronchiolitis was the most fre-
quently managed problem at referral encounters (8.62%).
However, the referrability rate was low (7.35%). In con-
trast, strabismus was one of the least frequent problems
managed at referral encounters (3:44%); however, its refer-
rability rate was high (100%). A similar pattern was seen
for refractive errors, pncumonia, alopecia and circumci-
sion.

Table 3 shows that the most frequently managed problems
at relerral encounters were those of the respiratory tract
(22%), skin (16.9%), reproductive (13.55%) and eye the
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Table 1. The distribution of the new referrals, National Guard Housing Primary Care Clinics, Riyadh
Number Referrals per Percentage of Number of Percentage To-
D.lagnostlc Catego- of Referrals 100 Encoun- Total Referrals Referral En- :::s Sf(NE;‘;‘;‘(',')‘T
ries (N=60) ters (N=2290)  (N=60) counter (N=58)
Emergency 15 0.655 25.00 (14) 0.61%
OB/GYN (10) 0.437 16.67 (10) 0.43%
Surgery ($2] 0393 15.00 9) 0.39%
Dermatology 6) 0.262 10.00 5) 0.21%
Ophthalmology &) 0218 8.33 ) 0.21%
Pediatrics 4) 0.218 8.33 (5) 021%
ENT 3) 0.131 5.00 3) 0.131%
Family practice (1) 0.044 1.67 )} 0.044%
Total referrals to
the specialists (54) 2358 90.00 (52) 227%
Optometrist @) 0.175 6.67 @) 0.175%
Dental ) 0.087 333 2) 0.087%
Al referrals (60) 2,620 100.00 (58) 2.53
*Percentage of encounters at which at least one referral from the corresponding category was given.
Table 2:The most frequently managed problems according the ICPC coding system at
referral encounters, National Guard Housing Primary care Clinics, Riyadh
Rate per 100 Re- Rate per 100 _
ICPC Rubric Number of Prob- ferral encounters Number of Total Total *Re'l:err :
lems at Referral . for Each Problem albility
(problems) Encounters (N=59) (N=58 Encou- at All Encounters Encounters rate
nters) (N=2290)
(1) (R78) Bronchiolitis ) 8.62 (68) 2.9% 7.35%
(2) (W78) Pregnancy “) 6.89 (26) 1.13% 15.38%
(3) (F95) Strabismus 2) 3.44 @) 0.087% 100%
(4) (F91) Refractive errors 2) 3.44 3) 0.131% 66.6%
(5) (R81) Pncumonia ) 3.44 3) 0.131% 66.6%
(6) (R90) Hypertrophied/
chronic infection tonsilitis (2) 3.44 3) 0.131% 66.6%
and adenoid" ‘
() (S11) Infected Post- 3.44 ™ 0.3% 28.57%
traumatic wound
S?m (s18) Laceration/cut ., 3.44 an 0.74% 11.76%
(9) (S23) Alopecia ) 3.44 ) 0.087% 100%
(10) (Y80) Circumcision ) 3.44 ) 0.087% 100%
(11) Others’ (34 58.6% (445) 19.4% 7.6%
*Health professional (6) 0.262 10.00 (6) 0.262%
Al referrals (60) 2.620 100.00 (58) 2.53

*Referrability rate is the frequency of referring a patient with this problem per 100 encounters of this condition encountered

in General Practice

I
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Table 3: The distribution of the problems managed according to the ICPC morbidity category at
referral encounters, National Guard Housing Primary Care Clinics

Percentage of

ICPCChapier lems st Reforrl  Prabioms eRle- loms st A Ewe PTOVOMS RSl “Raforabiity
Encount_ers (N=59) rral enfounters counters (N=2592)
(N=59)
(R) Respiratory (13) 22% (1322) C51% 0.982%
(S)Skin (10) 16.94% (178) 6.88% 5.61%
(W )Reproductive 8) 13.55% (45) 1.73% 17.7%
(F) Eye ®) 13.55% (96) 3.7% . 833%
(D) Digestive (6) 10.16% (257) 9.91% 2.18%
(A) General 3) 5.08% (355) 13.69% - 0.84%
(L)Musculoskeletal 3) 5.08% 42) 1.62% 7.14%
(X) Female genital 3) 5.08% (16) 0.61% 18.75%
(Y) Male genital 2) 3.38% 6) 0.23% 33.3%
Others 3) 5.08% (150) 5.78% 0.02%

*Referrability rate is the frequency of referring a patient with this problem per 100 encounters of this cordition encoun-
tered in general practice.

Table 4: The distribution of most important reasons for encounters by ICPC chapter at
referral encounters, National Guard Housing, Riyadh

Percentage of

R Chapter e Mereel Fosunttrs (uste) A erof RFES RFES st AllEn.
(R). Respiratory (20) _ 26.3% (1837) 47.12%
(S) Skin (1 14.47% (190) 4.8%
(A) General (8) 10.52% (947) 24.29%
(F) Eye ) 9.2% (120) 3.07%
(W )Reproductive (6) 7.89% (42) 1%
(X) Female genital 6) 7.89% 24) 0.6%
(D) Digestive 5) 6.57% (363) 9.3%
(H) Ear 3) 3.94% (84) 2.15%
(L )Musculoskeletal 3) 3.94% 49 1.25%
(Y )Male genital 3) 3.94% (8) 02%
(B) Blood ) 2.63% an 1.97%
Others o)) 2.63% 93) 2.38%

REFS: Reasons for Encounters
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least frequent problems managed at referral encounters.
(3.38%); however, it is referrability rate was high (33.3%).

Table 4 explores that the reasons related to respiratory tract
system were the most frequent reasons for encounter
(13.55%). Problems relating to male genitals were one of
the least frequent problems managed at referral encounters.
(3.38%); however, it is referrability rate was high (33.3%)
Table 4 explores that the reasons related to respiratory tract
system were the most frequent reasons for encounter
(26.3%), which matches with the frequency of respiratory
reasons for encounters in the total data (47.1%). In contrast
, skin reasons for encounters were three times more fre-
quent than over all data. A similar pattern was seen for eye,
reproductive, female and male genitals and musculoskele-
tal systems. Furthermore, respiratory system reasons for
encounters were most commonly expressed in term of
symptoms such as “cough” (45%) and “Shortness of
Breath” (15%). Skin complaints were also common par-
ticularly “laceration/cut (18%), hair loss (18%), and pruri-
tus (18%). General symptoms were common, e.g. fever
(62%) being the most frequent.

Discussion

In the present study, a referral encounters rate of 2.53 per
100 encounters and referral rate of 2.62 per 100 encounters
was observed. Referral rate was low when compared to
other studies [8,14,17,18]. However, previous national
studies showed comparable referral rate [9-12]. This low
referral rate in the present study could be explained by the
fact that majority of our study population at referral en-
counters belonged to pediatric age group (66.6%). More-
over, main problems managed at total encounters were
related to respiratory tract (58%) while it was uncommon
for a patient to be referred for respiratory tract conditions,
and referral occurred when general practitioner had an im-
portant reason [15]. It was found in this study that referrals
for specialist were mainly to emergency room and obstet-
rics/Gynecology Were higher in comparison with Interna-
tional studies which reported more referrals to general
medicine and surgery [7,8].

On the other hand, the overall distribution of primary care
referrals to various specialties observed in this study were
in conformity with the findings of previous national stud-
ies[1,11,12]. However, there was no referral to general
medicine and physiotherapists. This could be explained by
the fact that our sample constituted young population. It
was found that acute bronchiolitis was the most frequent
problem managed at referral encounters as compared to
other international studies, which had found that hyperten-
sion, was the most common problem managed at referral
encounters [8]. Again this could be attributed to the study
‘population which was belonged to pediatric group and car-
diovascular problems in children were uncommon [15].
The high referrability rate for refractive errors and strabis-
mus were consistent with studies conducted in Australia
_and Netherlands [8,15]. On the other hand, pneumonia and

laceration/cut had high referrability rates of 66.6% and
11.7%, as compared to a study in Netherlands were it was
reported as 6% and 4%, respectively [15]. Thus, the high
referrability rates for problems such as: strabismus, alope-
cia, circumcision, refractive errors, chronic infection of
tonsil and adenoid, pneumonia and laceration/cut might
indicate that General practitioners lack training or equip-

‘ment to deal with these conditions.

Conclusion and Recommendations

This study explores that the referrability rate, especially
when considered together with the referral rate, provides
general practitioners and specialists with a frame of refer-
ence for their own workload. The knowledge of variation
in the referability rates will enable the decision-makers to
improve the training and CME programs. The participation
of senior family physicians in clinical sessions in the satel-
lite clinics of high referrability rate is recommended to
improve the process and then the quality of care.
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Abstract

Excitatory amino acids (EAAs) and noradernaline are known as neurotransmiters which
stimulate gonadotropin secretion in female and male animals. This study was designed to
evaluate the involvement of central noradrenergic system on FSH secretion induced by EAA
in adult male rats.

Rats were implanted with monolateral cannula through the locus coeruleus — sub coeruleus
(LC-SC) by stereotaxy. Saline or glutamate was injected into the cannula. Blood samples
were obtained just 10min later for radioimmunoassay. For investigating the involvement of
LC-SC in noradrenergic system, DSP-4 was injected bilaterally one week before glutamate
injection.

Microinjection of glutamate significantly increased the plasma levels of FSH in compared to
that of the control group. Pretreatment with DSP-4 significantly decreased the plasma level
of FSH in glutamate treated group.

The results indicate that the LC-SC in adult rats is one of the major sites affected by gluta-
mate on FSH secretion by noradrenergic neurons.

Introduction

Excitatory amino acids (EAAs) neurotransmission is an
essential component of the neuroendocrine transmission
line that regulates gonadotropic hormone (FSH, LH) secre-
tion [1.2]. The site of action of EAAs in the regulation of
gonadotropin secretion pointed to the hypothalamus is
based on the findings that:

A) Glutamate has no effect on gonadotropin release
when injected in to the anterior pituitary [3].

B) Microinjection of glutamate in the third ventricle
stimulates gonadotropin release [4].

() EAAs such as glutamate and aspartate, are found in
large concentrations in presynaptic buttons of a variety of
important hypothalamic nuclei that regulates luteinizing
hormone (LH) and follicle stimulating hormone (FSH) [5].

EAAs are able to excite virtually all neurons tested in the
hypothalamus including the arcuate nucleus, the median
eminance (two major sites of GnRH neurons) and other
medial hypothalamic locations [6,7.8]. Administration of
GnRH antagonist blocks EAA-induced gonadotropin re-
lease in a variety of specics [5,9]. Therefore, EAAs possi-
bly stimulate GnRH release through a direct effect.

But it is unclear whether EAAs stimulate GnRH release
indirectly through regulation of other neunrotransmitter
neurons means an extrahypothalamic site to influence by
synaps on GnRH neurons. Catecholamins may mediate the
effects of EAA on GnRH and gonadotropin release, but the
exact neuronal pathway and the site ol action are not yet
clear [7.15]. ‘

In this present study, we evaluated the involvément of
central noradrenergic on FSH secretion by EAA microin-
jection in locus coeruleus nucleus.

|
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Material and Methods

Animals

Adult male Wistar rats, weighing 150-250 gm were used.
Animals were kept in a controlled lighting schedule of 12h
light and 12h darkness and at a constant temperature (20°-
22°). Rat feed and tap water were available ad libitum.

Drugs

Nembutal. glutamate disodium, DSP-4 saline, were ob-
tained from Sigma Chemical Co. Serum concentration of
FSH was measured by FSH-IRMA 1125 kit (0.1 Iu/L sensi-
tivity).

Experimental protocol

Monolateral cannula was implanted into Locus coeruleus
(LC) 4 days prior to the experiments, as described (DV=
6ml, L=1.5ml and AP=-10.04ml) [10].

Microinjections of drugs were applied (2ul/sec) by hamil-
ton syringe in to locus coeruleus nucleus via the cannula.
Blood and serum samples were gbtained 10 minutes after
the drug microinjection into LC-SC nucleus, from orbital
sinus of rat [11]. DSP-4 was utilized to induce a bilateraly
lesion in locus coeruleus. Seven days before glutamate
administration, DSP-4 was microinjected in stereotaxic
surgury duration. '

The appropriateness of the cannula sites was confirmed by
2l of neutral red injection in to cannula and then the brain
was removed and fixed by 10% formaldehyde. Sections
were cut by vibrioslice. Animals containing injections rest-
ricted to the locus coeruleus were used in the analysis. FSH
levels in plasma were measured using FSH- IRMA 1125 kit
with 0.1 1w/l sensitivity.

Experimental groups
Four groups of animals were recruited:

. Un-manipulated group: Animals without surgery or
drug treatment. Blood samples were collected and assayed
by IRMA.
2. Control group: Cannulated animals were used
after surgical recovery. 10p! of saline weremicroinjected
into LC nucleus 10 minutes before blood sampling.
3. Glutamate group: Cannulated animals were used after
recovery period. 20ug/ 10pul of glutamate (dilluted in-
saline) were microinjected in to LC-SC nucleus 10 minutes
before blood sampling.
4. Glutamat & DSP-4 group: Cannulated animals with
chemical lesioning of LC-SC by DSP-4 (50ug/1pl, 7 days
before glutamate injection) were used. Then 20pg/10ul of
glutamate were microinjected into LC-SC nucleus 10 min-
utes before blood sampling.

Statistical analysis was performed utilising one- way
ANOVA followed by Newman-Keuls post test. The differ-

ence between the data was considered statistical significant
at p<0.05.

Results

Serum concentration of FSH (follicle-stimulating hor-
mone) in adult male rat were 0.26-0.4 1U/1.

Figurel. displays the effect of glutamate microinjection
into LC on serum concentration of FSH in male rats in
comparision with control and normal groups (p<0.02). As
illustrated in Fig-2, chemical lesioning of LC-SC by DSP-
4, 7 days before glutamate microjectionm, could com-
pletely reverse the glutamate effect on FSH release.

Table I1: Effect of glutamate administration in LC-SC
on serum concentration of FSH in rats

Groups Number of rats FSH concentration
(IU/L) (mean+S.D)
Normal 14 0.3279+0.011
Control 10 0.3380+0.016
Glutamate 11 0.8628+0.27
Glutamate 9 0.3311+0.008
and DSP-4

M Normal(n=14)
W Control(n=10)
W Glu(n=11)

1
0.5
S N B

Study Groups
Fig 1. Effect of glutamate administration in
LC-SC on serum concentration of FSH in
rats

-
[3,]

FSH Concentration (1U/L)

B Control(n=10)
RGlu(n=11)
W Glu+DSP-4(n=9)

Study Groups

—_
]

FSH Conc. (JUL)
=]
=3

o

Fig 2. Chemical lesioning of LC-SC and
glutamate on FSH secretion
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B Normal(n=14)

M Control(n=10)

M Glu(n=11)

2 O Glu+DSP-4(n=9)

1
0 l_liJZI

Study Groups

FSH Concentration
(1uiL)

Fig 3. Role of nordrenergic system of LC-SC
nucleus in mediation of glutamate effects on
serum concentration of FSH

Discussion

Several studies have reported that EAA can stimulate go-
nadotropin release [12] via inducing GnRH release in the
medial hypothalamic region, preoptic area and arcuate nu-
cleus. Other studies have reported that EAA can stimulate
the nerve responsible for gonadotropin — releasing hor-
mone (GnRH) [13,14].

The major site of NMDA (a kind of EAA) action apears
to in preoptic area, where GnRH cell bodies reside. AMPA
and kainate (another kinds of EAA) appear to act primarily
at the arcuate nucieus/ median eminence, the site of GnRH
nerve terminal. Hence the induction of the GnRH and go-
nadotropin release by involve enhanced EAA neurotrans-
mission | 15].

EAA stimulate GnRH release through a direct effect on
GnRH ncurons. Likewise EAAs could act at an extrahypo-
thalamic site to influence GnRH release. For instance,
NMDA has been shown to induced c- fos activation in
noradrencergic cells in the LC , a major noradrencergic
nucleus in the pons which sends projetions to the hypo-
thalamus [15]. Since catecholamines are major regulators
of GnRH and gonadotropin release. In addition, anatomical
projections between locus coeruleus nucleus and median
eminence and the other hypothalamic region was reported
(1.15]. These evidences supporting the role of EAAs de-
rived from CNS on gonadotropin and FSH (follicle stimu-
lating hormone) release.

EAA also stimulate catecholamine release in the hypo-
thalamus. Hence EAA effect on GnRH release could be
mediated by activation of catecholamine neurons in LC
nucleus.

In the present study we evaluated the involvement of cen-
tral noradrenergic system on EAA stimulated FSH secre-
tion by EAA microinjected in LC-SC nucleus in rats.
Microinjection of glutamate significantly increased the
serum level of FSH in comparsion to control and normal
groups (p<0.02). Since glutamate is the most abundant
amino acid in brain [16] and is major excitatory neuro-
transmitters in the neuroendocrin system (5), these results

have demonstrated glutamate effect on FSH secretion via
the activation in LC, a major noradrenergic system nucleus
, in. the pons which sends projections to the hypothalamus.
Hence either hypothalmic regions or extrahypothalmic
regions play a role in control of FSH release.

Therefore, glutamate could act to increase FSH via activa-
tion of LC neurons to colocalization secretion on GnRH
neurons. Also, chemical lesioning of LC before glutamate
microinjection by DSP-4 and decrease serum concentra-
tion of FSH clearly demonstrate that LC nucleus is an im-
portant component in the neurotransmission line responsi-
ble of regulating function in the hypothalamus. It is con-
cluded that: ’

1. Locus coeruleus is an important extrahypotha-
- lamic regulatory center of GnRH and FSH secre-
tion.

2. Excitatory amino acid affects the release of FSH
by activation of central noradrenergic system in
LC.
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Abstract

Recently, we clearly demonstrated that ckondrocytes in the femur produce vascular endothe-
lial growth factor (VEGF) before the beginning of ossification, and suggested that VEGF plays
an important role in the penetration of blood vessels into the femoral head. In this study, we
further examined the expression of parathyroid hormone (PTI)/PTH-related peptide (PTHrP)
receptor in the growing femur using an immunocytochemical technique. In the fetus, VEGF
immunoreactivity was demonstrated in the mesenchymal cells, periosteum, perichondrium and
chondrocytes in the peripheral region of the femoral head. In the same stage, PTH/PTHrP re-
ceptors were distributed in almost the same regions as the VEGF-positive cells. For several
postnatal days, VEGF immunoreactivity was observed in the osteoblasts, osteoclasts, perio-
steum, perichondrium and cartilage matrix of the femur. On the other hand, PTH/PTHrP re-
ceptors were not present in the cartilage matrix, but showed a similar distribution pattern to
VEGTF in the other regions. At a more advanced young stage, VEGF-immunoreactive chon-
drocytes appeared in the apex area of the femoral head and gradually increased in number.
‘Thereafter, penctration of capillaries into the VEGF-immunopositive region was observed. In
this stage, PTH/PTHrP receptors were distributed throughout the entire articular cartilage in
the femoral head. In the adult, VEGF immunoreactivity disappeared in the articular cartilage,
but immunoreactivity for PTH/PTHrP receptors was clearly observed. These results indicate
that although the expression of VEGF and existence of PTH/PTHTrP receptors were not equal,
these factors have a close relationship for osteogenesis. VEGF plays an important role in the
regulation of angiogenesis, and VEGF expression may be controlled by PTH/PTHrP via PTH/
PTHTrP receptors in the growing femur.

Introduction

VEGF is known to stimulate endothelial cell growth and
angiogenesis [1,2,3], and to act as a vascular permeability
factor (VPF) to induce microvascular hyperpermeability
[4,5]. Furthermore, Ilorner et al [6] reported the immu-
nolocalization of VEGF in human neonatal growth plate
cartilage. They demonstrated that hypertrophic chondro-
cytes produced VEGF and suggested that VEGF may play
a key role in thc regulation of vascular invasion of the
growth plate. Recently, Gerber ct al [7] reported the role
of VEGF in endochondral bone formation of the mouse.
They indicated that VECF is an‘esscntial coordinator of
chondrocyte death, chondroclast function, extracellular

matrix remodcling, angiogenesis and bone formation in
the growth plate. Furthermore, chondrocytes originate
from pluripotent mesenchymal progenitors which also
give rise to osteoblasts, adipocytes and other ccll typcs
[8]. The expression of VEGF is upregulated with increas-
ing differentiation of ‘osteoblasts, adipocytes and myobla-
sts, suggesting that the production of VEGF is a common
event linked to the differentiation of mesenchyme-derived
cells [9,0]. It is also well known that VEGF is produced
in various normal tissues [11], embryos and tumors [12].
However, litlle information is available about the-occur-
rence of VEGF during bone formation in the femoral head
of the growing rat. Therefore, we examined the appear-
ance of VEGF in the rat fomoral head during bone forma-
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tion and discussed the relationship with vascularization
[13]. The results indicated that some chondrocytes in the
femoral head produced VEGF before the beginning of
ossification, and that VEGF may play an important role in
the penetration of blood vessels into the femoral head
from the ligament of the femoral head.

Furthermore, in this study, the expression of PTH/PTHrP
receptors was analyzed immunocytochemically as a factor
concerned with osteogenesis. It is known that PTHrP and
PTH/PTHrP receptors are expressed in many kinds of
tissues [14] and act as modulators of cell differentiation
and growth [15-23]. It has been reported that PTHrP ap-
pears in cartilage and bone in embryogenesis [24]. More-
over, Karaplis et al [25] reported that PTHrP gene knock-
out mice had osteochondrodysplasia that only existed for
several postnatal hours. They suggested that PTHrP has a
very important role in chondrogenesis. Recently, Ami-
zuka et al [26] reviewed the biological action of PTHrP
and PTH/PTHIrP receptors in cartilage and bone.

However, the relationship between VEGF and PTH/
PTHrP receptors in embryogenesis is not clear. In this
study, we examined the appearance of VEGF and PTH/
PTHrP receptors in the femoral head of the growing rat,
and discuss the relationship between the expressions of
VEGF and PTH/PTHIP receptors.

Materials and Methods

This study was carried out after permission had been
granted by the Committee for Animal Experimentation,
Kurume University. Wistar rats (19-day fetuses and 1 - 60
day-old rats) were used in this study.

At least five animals at each stage were sacrificed by de-
capitation under deep anaesthesia at 10 a.m. and the fe-
murs were extracted. The femurs were fixed in Bouin
solution for 24 h - 2 weeks. The samples were then decal-
cified and dehydrated through a series of solutions con-
taining increasing concentrations of ethanol. Samples
were embedded in paraffin, and serial sagittal sections at 4
Hm were mounted on glass slides. Seciions were stained
with Haematoxylin-Eosin and toluidine blue to permit
observation of the general structure of the femur at each
developmental stage.

Immunocytochemistry

A primary antibody generated against human recombinant
VEGF165 was used as an immunocytochemical probe
(NeoMarkers, USA; diluted 1:500). This polyclonal anti-
body recognizes multiple isoforms of VEGF containing
206-, 188-, 165- and 121-amino acid residues in humans,
mice and rats. The other primary antibody used was gen-
erated against PTH/PTHrP receptors (Santa Cruz Biotech-
nology Inc., USA; diluted 1:500).

Immunocytochemical staining was performed with a
Histofine kit (Nichirei, Japan). Briefly, sections were de-
paraffinized in xylene, hydrated in a graded ethanol series,
and washed in phosphate-buffered saline (10 mM sodium
phosphate, 0.15 M sodium chloride, pH 7.5; PBS). All
procedures were performed at room temperature, and in-
cubations were performed in closed humid chambers.
First, the tissue sections were incubated for 30 min in
methanol containing 0.3% hydrogen peroxide to block
endogenous peroxidase activity, and then washed in PBS.
To reduce nonspecific staining of the biotinylated anti-
rabbit IgG, sections were treated with normal goat serum
for 30 min, and then washed in PBS. The primary antise-
rum was applied to the sections for 2 to 24 h, and then the
biotinylated anti-rabbit IgG and peroxidase-conjugated
streptavidin were applied for 1 h each. The final immuno-

reactive products were visualized with 3,3"-diaminobenzi-
dine tetrahydrochloride in 50 mM Tris-HCI buffer (pH 7.6)
containing 0.003% hydrogen peroxide. Sections were then
counter-stained with haematoxylin, washed in running
water, dehydrated through an increasing ethanol concentra-
tion series, and mounted in Diatex (Ab Wilh Becker, Swe-
den). To confirm the specificity of the immunocytochemi-
cal staining, the primary antiserum was replaced by PBS
for the control sections.

Results

In the 19-day-old fetus, almost all of the femoral head was
composed of cartilage cells, and both VEGF and
PTH/PTHrP receptor .immunoreactivities were demon-
strated. VEGF immunoreactivity was observed in the
immature chondrocytes at the peripheral region of the
femoral head. Moreover, mesenchymal cells around the
femoral head were immunoreactive for the VEGF165 an-
tibody (Fig. 1a). At the same stage, PTH/PTHrP receptor
immunoreactivities were widely demonstrated on almost
all of the immature chondrocytes in the femoral head and
mesenchymal cells in the peripheral region (Fig. 1¢). In
the diaphysis, both VEGF and PTH/PTHrP receptor im-
munoreactivities were intensely demonstrated in the pe-
riosteum, perichondrium, osteoblasts and osteoclasts, and
in the small number of chondrocytes in the distal end of
the hypertrophic zone (Figs. 1b and d).

To confirm the specificity of these immunoreactivities, the
primary antisera were replaced by PBS for the control
sections, and no immunopositive reactions were found.

At one day after birth, immunoreactivities against VEGF
and PTH/PTHrP receptor antibodies were demonstrated in
the periosteum, perichondrium, osteoblasts and osteoclasts,
and in chondrocytes in the distal end of the hypertrophic
zone of the femur (Figs. 2a and b). In this stage, the
femoral head consisted of mature chondrocytes that exhib
ited no immunoreactivities with the VEGF and PTH/
PTHrP receptor antibodies.
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Fig. 1: Femoral head of the 19-day-old fetus immunostained with VEGF antibody (a and c) and PTH/PTHrP receptor
antibody (b and d). (a) VEGF immunopositive immature chondrocytes at the peripheral region of the femoral head and
mesenchymal cells around the femoral head are shown. x75. (b) VEGF immunopositive periosteum, perichondrium, osteo-
blasts, osteoclasts and chondrocytes in the distal end of the hypertrophic zone. x90. (¢) PTH/PTHrP receptors were widely
demonstrated on almost all of the immature chondrocytes in the femoral head and mesenchymal cells. x75. (d)
PTH/PTHTrP receplors in the same region of (b). x90.
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Fig. 2: Boundary area of the femoral head and metaphysis. (a and b) One-day-old rat. Immunostained with VEGF anti-
body (a) and PTH/PTHrP receptor antibody (b). x70. (c and d) Four-day-old rat. Immunostained with VEGF antibody
(c) and PTH/PTHrP receptor antibody (d). x60.
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At four days after birth, weak but apparent VEGF immu-
noreactivity appeared in the chondrocytes in the peripheral
region of the proliferating zone and distal end of the hyp-
ertrophic zones (Fig. 2c). On the other hand, no PTH/
PTHrP receptor immunoreactivity was observed in the
chondrocytes in the peripheral region of the proliferating
zone (Fig. 2d). Immunopositive periosteum, perichon-
drium, osteoblasts and osteoclasts were observed, similar
to one day after birth (Figs 2¢ and d).

At seven days after birth, chondrocytes in the proliferating
and hypertrophic zones, in particular, exhibited more inte-
nse immunoreactivity for the VEGF antibody. Moreover,
the cartilage matrix around the chondrocytes demonstrated
VEGF im/munoreactivity, but no PTH/PTHrP receptor
immunoreactivity (Fig 3a).

N IR
MG
R "‘\\ . é:._'“\‘

\/% t
o (I
- ;“f’%o?is‘
Y ‘\\‘\w «ly .'I;'E» )

. \’

o . P o
S s LIV JRE Y

o -

: . T S e
By o v 7 T Ay VEGF

' LY B
o WY ‘\\‘.\\\\\ N

Taa Ml W T ~? oY
. S A NN WS \~» By t‘\%i"‘n!
. SR f

SENES TSN
PR S LN

At 10 days after birth, more intense VEGF immunoreac

tivity was detected in the cartilage matrix at the peripheral
region of the femoral head (Fig. 3c). Moreover, at the
apex area of the femoral head, VEGF immunoreactivities

-appeared in the chondrocytes and cartilage matrix (Fig

3b). In this stage, PTH/PTHrP receptor immunoreactivity
appeared in the chondrocytes at the peripheral region of
the femoral head (Fig. 3d), whereas the cartilage matrix
showed no immunoreactivity. )

At 15 days after birth, apparent VEGF immunoreactivity
was demonstrated in the chondrocytes at the apex area of
the femoral head. Moreover, the perichondrial cells at the
apex of the femoral head exhibited VEGF immunoreactiv-

ity (Fig. 4a).
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Fig. 3: (a) Boundary area of the femoral head and metaphysis in the 7-day-old rat is shown. The cartilage matrix around
the chondrocytes demonstrated VEGF immunoreactivity. x70. (b) The apex area of the femoral head immunostained with
VEGF antibody in the 10-day-old rat. x100. Boundary area of the femoral head and metaphysis immunostained with
VEGF antibody (c) and PTH/PTHrP receptor antibody (d) in the 10-day-old rat. x70.
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Fig. 4: (a) Apex area of the femoral head immunostained with VEGF antibody in the 15-day-old rat. Immunopositive
perichondrial cells and chondrocytes are shown. x45. (b) Apex area of the femoral head immunostained with VEGF anti-
body in the 30-day-old rat. Immunopositive chondrocytes developed and increased in number. x200. (c) In the 3 0-day- -
old rat, some capillaries were observed at the surface of the ligament of the femoral head. x17. (d) Apex area of the
femoral head stained with H&E in the 60-day-old rat. A few capillaries (arrow heads) were observed in the ligament. x60
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Fig. 5: Femoral head of the adult rat immunostained with VEGF antibody (a) and PTH/PTHrP receptor antibody (b).

x80.

In this stage, the femoral head still consisted of chondro-
cytes, and no apparent vascular formation was observed in
the femoral head.

At 20 days after birth, VEGF-immunoreactive chondro-
cytes in the apex area of the femoral head increased in

number, and VEGF immunoreactivity was observed in the
cartilage matrix around the VEGF-immunoreactive chond-
rocytes as mentioned above. Moreover, these immuno-
positive chondrocytes developed and further increased in
number at 30 days after birth (Fig. 4b). At 15 to 30 days
after birth, PTH/PTHrP receptor immunoreactivities were
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demonstrated in all zones of the articular cartilage. In this
stage, some capillaries were observed at the surface of the
ligament of the femoral head (Fig 5a). ‘

At 60 days after birth, a few capillaries were observed in
the ligament of the femoral head. These capillaries pene-
trated into the apex aréa of the femoral head where
VEGF-im/munopositive chondrocytes and cartilage matrix
had previously been identified (Fig. 5b).

In the adult rat, no apparent immunoreactivity against the
VEGF antibody was demonstrated in the articular carti-
lage of the femoral head (Fig. 6a). On the other hand,
PTH/PTHrP receptors were demonstrated in all zones of
the articular cartilage of the femoral head (Fig. 6b).

Discussion

This is the first report demonstrating the appearance of
VEGF and PTH/PTHrP receptors in comparison with vas-
cularization in the femoral head in the growing rat. In our
previous report [13], the appearance of VEGF was clari-
fied in the femoral head, and the results suggested that
VEGF may have a very important role in the vasculariza-
tion of the femoral head in the growing rat. In addition,
we have now investigated the appearance of PTH/PTHrP
receptors and discuss the relationship with VEGF.

It has been reported that VEGF stimulates the differentia-
tion of mesenchyme-derived cells [9,10]. In this study,
many VEGF- and PTH/PTHrP receptor-immunopositive
mesenchymal cells were found around the femoral head in
the 19-day-old fetus. These mesenchymal cells demon-
strated no immunoreactivity with the PBS that was used as
a negative control in place of the.primary antisera. There-
fore, we consider that these VEGF and PTH/PTHrP im-
munoreactivities are specific. Moreover, the results indi-
cate that the VEGF produced by mesenchymal cells
around the femoral head might induce angiogenesis to-
ward the femur during early bone formation. PTH/PTHrP
receptors were expressed by mesenchymal cells and more
intensely produced by the perichondrial cells. Senior et al
[24] reported that the cartilage cells and other cells ex-
pressed PTHrP mRNA at this stage. The PTHrP probably
controls the differentiation of the PTH/PTHrP receptor-
expressing cells. There was no PTH/PTHrP receptor im-
munopositivity in the chondrocytes of the femoral head in
this stage, and this seems to be because the chondrocytes
are actively proliferating and not differentiating into the
prehypertrophic chondrocytes that are the target cells of
PTHrP.

After birth, VEGF and PTH/PTHIP receptors were dem-
onstrated in the osteoblasts, osteoclasts, periosteum and
perichondrium around the femoral head. VEGF, an endo-
thelial cell-specific mitogen, is an essential mediator of
angiogenesis [12]. Angiogenesis is essential for bone
growth and healing [27,28,29], and the recruitment of

osteoblasts coincides with vascular invasion [30,31].
Therefore, the VEGF produced in osteoblasts and osteo-
clasts might play a key role in the formation' of microves-
sels at the metaphysis of the newborn rat. Moreover, the
existence of VEGF in the periosteum and perichondrium
suggests that VEGF has an intimate relationship with the
angiogenesis in the periosteum and perichondrium.
Karaplis et al [25] suggested the importance of PTHrP
during chondrogenesis using PTHrP gene knockout mice.
Therefore, the fact that VEGF and PTH/PTHIP receptors
are expressed in the same cells suggests the possibility
that PTHrP has an effect on the cells expressing VEGF.

At a more advanced stage, VEGF appeared in the chon-
drocytes at the proliferative and hypertrophic zones and in
the cartilage matrix at the peripheral region of the femoral
head. On the other hand, PTH/PTHTP receptors were not
expressed in the chondrocytes and cartilage matrix in the
same region where VEGF was expressed. It seems that the
VEGF demonstrated in the proliferative and hypertrophic
zones may play a role in the regulation of vascular forma-
tion in the elongation of the femur. Since there were no
PTH/PTHIP receptors in the chondrocytes of the epiphy-
sis, it is considered that PTHrP does not affect the chon-
drocytes in this area and the chondrocytes actively prolif-
erate. The VEGF demonstrated in the cartilage matrix
may be considered to be secreted by chondrocytes,
whereas PTH/PTHIP is not secreted by the chondrocytes
since the PTH/PTHIP receptor is the membrane receptor
for PTHrP.

In the young rat, VEGF was demonstrated in the chondro-
cytes at the apex area of the femoral head. The apex area
of the femoral head is the presumptive secondary ossifica-
tion area. On the surface of this region, a few capillaries
penetrated within the ligament of the femoral head at 60
days after birth. Recently, Morini et al [32] reported that
capillary invasion into the femoral head first occurred in
9-week-old rats. These results indicate that the VEGF
appearing in the chondrocytes at the apex area of the
femoral head may play an important role in the microvas-
cular invasion of the ligament of the femoral head. In
fact, since the blood vessels from the ligament of the
femoral head are not abundant, the femoral head is mainly
supported by blood vessels originating from the metaphy-
sis. We consider that the vessels coming from the meta-
physis are induced by the VEGF secreted from the chon-
drocytes in the proliferative and hypertrophic zones.
PTH/PTHIP receptors were expressed in the articular car-
tilage from the young to the adult rat, and this fact sug-
gests that PTHrP suppresses the differentiation of articular
cartilage to hypertrophic chondrocytes and osteogenesis.
Naturally, VEGF was not expressed in the articular carti-
lage, since blood vessels are not formed there.

In conclusion, the early expression of VEGF and PTH/
PTHrP receptors have a close relationship for osteogene-
sis. VEGF, in particular, plays an important role in regu-
lating the angiogenesis at each site of endochondral bone
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formation. PTH/PTHrP may control the expression of
VEGF by regulating the differentiation of the osteoblasts,
osteoclasts and chondrocytes in early developmental
stages.
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