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Abstract

We investigated the relationship between renal function and brachial-ankle pulse wave velocity
(baPWV) in patients with type 2 diabetes mellitus. Fifty-six patients with type 2 diabetes mellitus
were included in the present study. They were divided into three groups by urinary albumin excre-
tion: normoalbuminuria (group N, <30 mglg creatinine, n=32); microalbuminuria (group Mi, 30 - 300
mglg creatinine, n=18); and ‘macroalbuminuria (group MA, >300 mglg creatinine, n=B). The baPWV
was determined by oscillometrical measurement of the pulse volume recorded at the upper arm and
ankles. ’

The baPWV was correlated with age, systolic blood pressure, diastolic blood pressure, pulse pressure,
blood urea nitrogen, serum creatinine, and urinary albumin excretion. - Multiple regression analysis
revealed that age and pulse pressure were independently correlated with baPWV. The baPWV was
increased in patients with diabetic nephropathy, and greater in those with groups Ml and MA than in
group N. There was no difference in age, duration of diabetes mellitus and blood pressure between
groups N and M.

These findings suggest that baPWV is increased in patients with early stage of diabetic nephropathy

in which arteriosclerosis might progress.

Introduction

Diabetes mellitus is one of the most important risk factors of car-
diovascular disease [1). The risk is 2 to 4 fold higher than the
subjects without diabetes meliitus at any level of standard risk
factors [1]. Renal dysfunction is well related to arterial stiffness
[2,3], in which diabetic nephropathy might be more involved than
other renal diseases. It has been well evaluated the relationship
between arterial stiffness and plasma glucose levels and/or insulin
resistance in digbetic patients {4,5].

Pulse wave velocity (PWV) is useful for evaluating arterial stiff-
ness, which is an important risk factor for cardiovascular disease.
PWV could be measured with simple and non-invasive method
[6-12]. There have been a number of reports on the usefulness
of PWV measurement [8,9,13,14]. PWV is consisied of bra-
chial-ankle PWV (baPWV) and carotid femoral PWV (cfPWV).
The baPWV is well correlated with cfPWV [14]

In this study, we investigated the relationship between diabetic
nephropathy and baPWV in patients with type 2 diabetes mellitus.

Materials and Methods
Subjects

Fifty-six patients with type 2 diabetes mellitus (31 males and 25
females, aged from 45 to 86 yrs) were studied. The clinical
characteristics of these patients are shown in Table 1. Hyper-
tension, hyperiipidemia and smoking habits were found in 59%,
43% and 34%, respectively, in these patients. They were divided
into three groups: 1) normoalbuminuria (group N, n=32, less than
30 mg/g creatinine); 2) microalbuminuria (group MI, n=16, 30 to
300 mglg creatinine); and 3) macroalbuminuria (group MA, n=8,
more than 300 mg/g creatining). Urinary albumin was measured
by radioimmunoassay in the urine samples obtained in the mom-
ing and corrected by urinary creatinine excretion for statistical
analysis.

Blood samples were obtained after an overnight fasting. Blood
HbA1c levels, serum C-peptide immunoreactivity (S-CPR), total
cholesterol (TC), triglyceride (TG), HDL cholesterol (HDL-C), urea
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nitrogen (BUN) and creatinine (Cr) levels were measured by
standard laboratory methods. Serum LDL cholesterol (LDL-C)
levels were calculated by the Friedewald equation. Hyperlipi-
demia was defined by either increased serum TC (>220 mg/dl),
TG (>150 mg/dl), or LDL-C (>140 mg/dI).

information on the smoking habits and duration of diabetes meili-
tus was obtained by detailed history taking.

baPWV measurement

The baPWV was measured in the supine position after bed rest
for 6 min using a volume-plethysmographic apparatus (form
PWV/ABI, Colin Co. Ltd, Komaki, Japan). This apparatus could
record PWV, blood pressure, electrocardiogram and heart sounds
atthe same time. Electrodes for ECG were placed on both wrists.
A microphone for detecting heart sounds was placed on the left
edge of the stemum, and cuffs were mounted on both brachia and
ankles. The cuffs were connected to a plethysmographic sensor
for detecting volume pulse form and an oscillometric pressure
sensor for measuring blood pressure. The pulse volume wave-
forms were recorded using a semiconductor pressure sensor.
The baPWV was automatically calculated according to the fol-
lowing equation: baPWV = (D1 -D2)/T1. D1 is the distance from
the heart to the ankle, and D2 is the distance from the heart to the
right upper am.  These distances were calculated automatically
on the basis of the subject's height. T is the time from the onset
of the rise in the pulse volume recorded the right upper arm to the
onset of the rise in the pulse volume record of the ankle. The
inter- and intra-observer variation coefficients were 8.4 and 10.0%,
respectively. The mean (+SD) values of baPWV in healthy sub-
jects were assessed based on the data reported in Japanese
subjects by Yokoyama et al. (aged 45-75 years, 1376+373 cm/s in
males and 1352+222 cm/s in females) [15].

Blood pressure and ankle/brachial blood pressure index (ABI)
were measured with the use of form PWV/ABI at the same time
when baPWV was measured. Hypertension was defined as sys
tolic blood pressure (SBP) greater than 140 mmHg, or diastolic

blood pressure (DBP) greater than 90 mmHg. There was no
patient with ABI of less than 0.9, which suggests arteriosclerosis
obliterans.

Informed consents were obtained from all the subjects examined.
Statistical analysis

Data were expressed as the means+SD. The influences of vari-
ables on baPWV were evaluated by simple linear and multiple
linear stepwise regression analyses. The distribution of albuminu-
fia was normalized by logarithmic transformation. The difference
between two groups was analyzed by Student's ttest for para-
metric comparison and Mann-Whitney's U test for nonparametric
comparison, respectively. The differences among groups N, Mi,
and MA were analyzed by ANOVA with Scheffe's F test. Data
were analyzed with StatView, 5.0 software. P values less. than
0.05 were considered significant.

Results

As shown in Table 1, the mean (£SD) baPWV was 1729.7+383.5
cm/s in all the subjects. The baPWV was increased in Ml and
MA groups compared with N group (1873.0+4125 and
2004.6+276.1 vs 1589.4+333.2 cm/s, P<0.05). Duration of dia-
betes meliitus was longer in group MA than in groups N and MI
(22.1£9.5 vs 12.7+10.0 and 14.2+54 years, P<0.05). SBP and
PP were also increased in group MA. in contrast, there was no
difference in age, diabetic duration and blood pressure between
groups N and M.

Table 2 shows the correlation coefficients between baPWV and
clinical data. There were significant correlation of baPWV with age,
SBP, DBP, pulse pressure (PP), BUN, Cr, and urinary albumin.
As shown in Table 3, the baPWV was increased in patients with
hypertension (1832.7+381.2 vs 1582.0+342.9 cm/s, P<0.05).
There was no difference in baPWV among gender, smoking habits
and hyperlipidzmia in these patients.

Table 1. Clinical Characteristics of Patients with Type 2 Diabetes Mellitus

Group N (n=32) M (n=16) MA (n=8) Total (n=56)
Age (years) 62.6+9.7 65.6£12.4 64.618.7 63.7+10.3
Gender (maleffemale) 17115 977 513 31/25
BMI (kg/m?) 235+4.0 23.3%£3.7 24314.0 23.6+3.8
Duration (years) 12.7£10.0 14.2+5.4 22.1+9.5* 14.5+9.3
HbA1c (%) 8.2+22 8.0+18 75418 8.1+£2.0
Hypertension (—/+) 15117 6/10 2/6 23/33
Hyperlipidemia (—/+) 20112 10/6 2/6 32/24
Smoking (—/+) 211 10/6 6/2 3719
SBP (mmHg) 124.8+17.6 137.0+20.9 154.3+26.8" 132.5+22.2
DBP (mmHg) 732487 81.6+14.3 - 748+177 76.5+11.7
PP (mmHg) 51.7+11.3 55.4+14.2 74.8+17.7 ab 56.0+15.1

baPWV (crm/s) 1589.4+333.2 1873.0+412.5* 2004.6+276.1* 1729.7+383.5

BMI, body mass index; SBP, systolic blood pressure; DBP. diastolic blood pressure; PP, pulse pressure; baPWV,
brachial-ankle pulse wave velocity. Date are means+SD.* P<0.05 vs N group. ** P<0.01 vs N group. @ P<0.01 vs Mi group.

b P<0.001 vs N group.
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Table 2. Correlation Coefficients between baPWV and

Clinical Data

Variables r P
Age 0.538 <0.001
BMI -0.161 NS
Duration 0.236 NS
SBP 0.575 <0.0001
DBP 0.266 <0.05
PP 0.639 <0.0001
HbA1c -0.056 NS
Serum CPR -0.026 NS
Total cholesterol -0.088 NS
_HDL-cholesterol -0.072 NS
LDL-cholesterol -0.103 NS
Triglyceride 0.004 NS
BUN 0.421 <0.01
Creatinine 0.348 <0.01
Urinary albumin 0.394 <0.01

SBP. systolic blood pressure; DBF, diastolic blood pres_sure:' PP,
pulse pressure; CPR, c-peptide reactivity; HDL, high density lipo-
protein; LDL, low densiy lipoprotein; BUN, blood urea nitrogen

Table 3. Group Comparison of baPWV

baPWV (cmis)

Gender Males 1741414245

Females 1715.3+£333.7

Hypertension ) 1582.0+£342.9
(+) 1832.7+381.2*

Hyperlipidemia ) 1748114243

: () 1705.3+328.6

Smoking () 1690.3+369.1

+) 1806.4+409.3

baPWV., brachial-ankle pulse wave velocity.

* P<(.05 compared fo (-).

The baPWV is useful for evaluating arterial stiffness, and has
been spread because it can be simply measured by oscillometry
on a routine basis. The good validity and reproducibility of baPWV
have been previously reported [8]. Data from necropsy studies
in human shows that the atherosclerotic involvement of vessels
well correlates with arterial stifiness assessed non-invasively
before death [16]. The baPWV was increased in aged subjects
and female in healthy subjects [9]. The PWV was increased with
aging and blood pressure in patients with type 2 diabetes mellitus
[13,15]. In the present study, baPWV was correlated with age,
SBP. DBP and PP. These findings support the previous reports.

The PWV is increased in varicus diseases associated with
atherosclerosis, including diabetes mellitus [4], hypertension [17]
and renal disease [2,3]. PWV is also known to be a prognostic
predictor for atherosclerotic vascular disease in patients with
diabetes meliitus [4], hypertension [18] and end-stage renal failure
[3]. The baPWV was increased in patients with hypertension and

diabetic nephropathy in the present study. Aortic PWV corre-
lated with the severity of independently assessed diabetic com-
plication [6]. The baPWV was related to the risk of diabetic mi-
crovascular disease [10].

However, it is not fully elucidated whether diabetic nephropathy in
the early stage influences progression of arferiosclerosis as-
sessed by baPWV. In the present study, the baPWV was in-
creased in diabetic patients with microalbuminuria. ~Although
baPWV was influenced by age, duration of diabetes mellitus or
blood pressure; there was no difference in these factors between
groups N and Mi. These findings support the hypothesis that
microalbuminuria reflects general vascular damage in the body
[19, 20]. The extracellular matrix composition in skeletal muscle
capillary basement membranes was changed according to the
level of albuminuria [21]. Therefore, the albuminuria and increa-
sed PWV might be attributed to the altered composition within
vessel walls [15] and associated with increased cardiovascular
morbidity and mortality independent of conventional risk factors
[191

Several studies have demonstrated the beneficial effect of an-
giotensin Il receptor antagonist (ARB) on arterial stiffness [22,23]
and urinary albumin excretion [24]. Further studies are required
to evaluate whether the administration of ARB might improve
arterial stiffness evaluated by baPWV in the patients with early
stage diabetic nephropathy.

In the present study, such factors as hypertension, renal function
and others should be evaluated by muitivariate analysis. How-
ever, it is difficult to analyze in the small number of patients stud-
ied. Therefore, further studies on a large scale are required.

These findings suggest that baPWV is increased in patients with
early stage of diabetic nephropathy in which arteriosclerosis might
progress.
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Abstract

We report a rare case of primary hypothyroidism due to chronic thyroiditis associated with elliptocyto-
sis and anemia. A 75-yr-old woman was referred to our clinic for hypothyroidism and anemia. In-
creased serum indirect bilirubin and LDH levels were normalized after the thyroid hormone replace-
ment, and Hb levels were corrected promptly whereas increased mean cell volume of erythrocytes was
gradually decreased to the normal range. Elliptocytosis of oval form (OH) and of rod form (RF) was
persisted and the ratio of OH to RF was not changed by the treatment with levothyroxine. Although el-
liptocytes with the central pale indicating the central hollow were not recognized before the treatment,
the percentage of the elliptocytes with the central pale was increased to 37.412.6% (mean1SD) after
the treatment with levothyroxine sodium. The percent of elliptocytes with central pale was remarkably
increased in blood samples of the patient after the incubation in vitro with thyroxine at the final con-
centration of 170 nmol/L. and 1,322 nmol/L (32.6+3.8% and 60.116.7% vs 11.0£3.1%, P<0.0001 and
P<0.0001). These findings suggest that thyroid hormone deficiency could be involved in developing

anemia and elliptocytosis without central pale in the present case with chronic thyroiditis.

Introduction

Hypothyroidism is often accompanied by normochromic normo-
cytic anemia, which is improved by replacement with thyroid
hormones [1,2]. Chronic thyroiditis is also occasionally accom-
panied by either such macrocytic hyperchromic anemia as perni-
cious anemia or such microcytic hypochromic anemia as iron
deficiency. There were also some case reports on chronic thy-
roiditis associated with either autoimmune hemolytic anemia [3-7]
or spherocytosis [8,9]. Hypothyroid state itself may cause the
membrane abnormality in erythrocytes, resulting in shortening
the survival of erythrocytes {10].

Elliptocytosis is one of the rare erythrocyte shape abnormalities.

Therefore, there has been no report for the relationship. between-
elliptocyte shape and thyroid hormone in patients with hypothy-
roidism accompanied by elliptocytosis. We report the effect of

thyroid hormone on ovalocyte shape in a rare case of primary
hypothyroidism due to chronic thyroiditis associated with ellipto-
cytosis and anemia, in which serum thyroid hormaone levels could
affect not only anemia but also the shape abnormality of ellipto-
cytes.

Case Report

A 75-year-old woman was referred to our cliric for general fa-
tigue and edema in 1998. She was pointed out elliptocytosis at
the age of 62 year, when Hb and serum biochemistry data were
norrial. She was diagnosed as primary hypothyroidism at the
age of 68 yr, when she was treated with levothyroxine sodium

(25 pg/day, Thyradin S® Teikoku Zouki, Tokyo). However, the
treatment was discontinued after 6 weeks since serum transami-
nase levels were increased. Nobody in her family had jaundice
or anemia.

Physical examination revealed that she was 141.4 cm tall and
weighed 49.0 kg. Blood pressure was 138/70 mmHg. Her skin
was dry and palpebral conjunctiva was anemic. Goiter was not
palpable. There was no considerable abnormality in the chest
and the abdomen.

Laboratory data are shown in Table 1. Decreased serum thyroid
hormone levels associated with increased serum TSH and posi-
tive anti-microsome antibody indicated primary hypothyroidism
due to chronic thyroiditis. Macrocytic hyperchromic anemia and
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increased reticulocyte count were recognized. Serum indirect
bilirubin and lactate dehydrogenase (LDH) levels were increased
and serum haptoglobin was not detected. Although these find-
. ings suggest hemolytic anemia, both serum direct and indirect
Coombs tests were negative. Ham test, sugar water test and
self-hemolysis tests were negative. Glucose-6-phosphate dehy-
drogenase (G-6-PD) activity of erythrocytes was decreased.
Serum vitamin B12 and folic acid levels were within the normal
range. Anti-intrinsic factor antibody and anti-parietal cell antibody
were negative. Bone marrow aspiration revealed erythroid hy-
perplasia but not bone marrow dysplasia in the present case.
Chromosome analysis showed normal female karyotype. Occult
blood in stool was negative.

Clinical course was shown in Fig. 1. In 7995, serum T3 levels
were within the normal range, but serum TSH levels were in-

creased, indicating latent primary hypothyroidism. In 1998, se-’

rum T3 and T4 levels were remarkably decreased with increased
serum TSH levels, indicating apparent primary hypothyroidism.
Hb concentrations were decreased when serum T3 and T4 levels
were lowered. The replacement therapy with fiothyronin sodium

(10 - 20 pg/day, Thyronamin®, Takeda, Osaka) was started after
her admission in 1998, followed by treatment with levothyroxine
sodium (25 - 75 pg/day). Then, euthyroid state was maintained
by levothyroxine at the dose of 75 pg/day.

Serum indirect bilirubin and LDH levels were normalized after the
thyroid hormone replacement. Hb levels were corrected promptly
whereas mean cell volume of erythrocytes (MCV) was gradually
decreased to the normal range. Elliptocytosis of oval form (OH)
and of rod form (RF) was persisted and the ratio of OH to RF was
not changed by the treatment with levothyroxine. Although ellip-
tocytes with the central pale indicating the central hollow were
not recognized before the treatment, the percentage of the ellip-
tocytes with the central pale was increased to 37.4+2.6%
(meantSD). These findings suggest that serum thyroid hormone
levels may contribute to the morphological abnormality of the
erythrocyte in the present case.

Materials and Methods

Blood samples were obtained into the anti-coagulant-treated
tubes from the patient two weeks after stopping the freatment
with levothyroxine. Control .blood samples were also obtained
from an age-matched normal female subject. Their serum
thyroxine levels were 42 nmol/lL and 132 nmol/L, respectively.
Levothyroxine sodium was dissolved in 0.01M NaOH followed by
neutralizing with 0.01M HCI. The levothyroxine sodium solution
was diluted with the same solution to become their final volume
of 10 pl. The solution of NaOH and HCI was used as control
solution. Blood samples (2 ml) were added with levothyroxine
sodium solution or a vehicle, and then incubated at 37°C for 3 hr.
Their final concentrations of thyroxine were 42 nmollL, 170
nmol/L ‘and 1,322 nmol/L, respectively. Blood samples (2 ml) of
a normal subject were also incubated in the presence of 132
nmol/L, 260 nmol/L and 1,412 nmol/L, respectively.

After the incubation, all the blood samples were immediately
smeared on a slide glass, and stained with May-Giemsa staining.
The morphological changes and the number of elliptocytes were
examined at random by 5 different hematologists. The morpho-
legical changes were scored and analyzed by ANOVA. P<0.05
was considered significant.

Resuits

Blood erythrocytes consisted of elliptocytes with oval form (OF)
and those with rod form (RF) in the patient as shown in Fig 2A.
The ratio of OF to RF was averaged 7.22+0.28. The central pale
indicating central hollow was hardly found in the erythrocytes of
the patient. In contrast, all the blood erythrocytes consisted of
round form with central pale in a normal subject (Fig. 2B). After
the incubation with levothyroxine at the concentration of 42
nmol/L (Fig. A-1), 170 nmol/L (Fig. A-2) and 1,322 nmol/L (Fig. A-
3), the ratio of OF to RF was not considerably changed. it was
noted that the percent of elliptocytes with central pale was re-
markably increased in blood samples of the patient after the in-
cubation with levothyroxine at the concentration of 170 nmol/L
and 1,322 nmol/L (32.6+3.8% and 60.116.7% vs 11.0+3.1%,
P<0.0001 and P<0.0001) (Fig. 3). The percentage of the ellipto-
cyte with central pale (Y) was close related with logarithmic val-
ues of blood thyroxine levels (X) (Y=32.6X-41.1, r=0.999,
P=0.0246). in contrast, any morphological change was not found
in the normal erythrocyte after the incubation with different doses
of levothyroxine.

Discussion

We reported a rare case of primary hypothyroidism associated
with elliptocytosis. In the present case, macrocytic anemia
evaluated by increased MCV was recognized. In general, hypo-
thyroidism induced normocytic normochromic [1,2]. Therefore,
we could consider that microcytic hypochromic anemia associ-
ated with iron deficiency and macrocytic hyperchromic anemia
associated with vitamin B12 or folate deficiency have been occa-
sionally found in patients with hypothyroidism. Furthermore,
there are some reports on autoimmune -hemolytic anemia ac-
companied by chronic thyroiditis (3-7). However, as iron defi-
ciency, vitamin B12 deficiency, folate deficiency and autoimmune
hemolytic anemia could be ruled out by laboratory data, we con-
sidered that elliptocytosis was hereditary and could partiy af-
fected by thyroid hormone deficient state in the present case.

We found the elliptocyte shape judging from changes of MCV
and central pale was changed by L-T4 replacement therapy in
vivo and in vitro. It was reported that hypothyroid state resulted
in abnormal surface in red blood cells [8-10]. Glucose-6-
phosphate dehydrogenase activity was decreased [11], and Na,
K-pump activity was increased [12] in hypothyroidism. Glucose-
6-phospate dehydrogenase activity of RBC was decreased in the
present case. Therefore, elliptocyte cell surface abnormality due
to hypothyroidism could partly contribute to change of elliptocyte
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Table 1: Laboratory Data

CBC
WBC 3.2x10%L
Seg 49%
Eos 1%
Lymph 45%
Mono 5%
RBC 2.64 x 10"7/L
MCV 1034 1L
MCH 36.0pg
MCHC 348g/L
Poikilocyte (+)
Elliptocyte (+)
Reticulocyte 2.2%
Hb 85¢/L
Ht 273 %
Pit 169 x 109/L
Urinalysis
pH 7.0
Pro )
Glu )
Blood ¢)
Bil ¢)
Uro (1)
Sediment normal
Biochemistry
TP 74 gL
Alb 46 gt
T.8il 25.6 pmol/L
D.Bil 34 umol/L
1.Bil 222 pmol/L
GOT 0.85 pkat/L
GPT 0.67 pkat/L
CPK 2.90 pkat/L
ALP 3.27 pkat/L
LAP 0.63 pkat/L
LDH 452 pkatl
r-GTP 0.52 pkat/L
ChE 4.85 pkat/L
T.Cho 3.72 mmol/L
TG 0.99 mmol/L

BUN 5.36 mmol/L
Crea 53.0 pmol/L
Na 143 mmoliL
K 3.9 mmol/L
Cl 109 mmoliL
Ca 2.25 mmol/L
Fe 15.0 ymol/L.
TIBC 46.7 pmol/L
Glucose 6.11 mmol/L
HbA1c 50%
Vit B12 268 pmol/l.
Folate 22.0 nmol/L
G-6-PD 179 1U/10"2RBC
Thyroid function
T3 1.1 nmol/L
Free T4 50 nmol/lL
TSH 97.3 mULL
Anti-microsome  Ab x400

Anti-thyroglobulin  Ab <x100

Immunology
Direct Coombs )
indirect Coombs )
Anti-nuclear antibody Diffuse x160
Anti-intrinsic factor Ab (-)
Anti-pariefal cell Ab (-

Hemolysis test
Ham test (-)
Sugar water test (-)
Self hemolysis test (-)

Bone marrow
NCC 281 x108 /L
MJE ratio 0.97
Erythroid hyperplasia  (+)
Dysplasia ()

Chromosome
46XX, normal karyotype

shape. Several observations suggested primary defect of the
membrane skeleton in elliptocyte is the protein scaffolding in the
cell membrane. Spectrin is the major component of the mem-

brane skeleton in erythrocyte, and may partly contribute to forma- -

tion of central pale. Spectrin extracted from elliptocyte is quanti-
tatively normal but is structurally abnormal [13]. Major portion of
the spectrin extracted from elliptocyte is presented as dimer [14].

However, it is unknown that thyroid hormone affects to spectrin
structure in elliptocyte, and we could not evaluate spectrin struc-
ture in the present case.

Serum LDH and indirect bilirubin levels were increased in the
Present case. These findings could be partly explained by exis-
tence of latent hemolysis. The morphological abnormality of red
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Fig. 1

Clinical course of a patient with chronic thyroiditis associated with elliptocyfosis and anemia. The upper

panel shows serum T3 levels (closed triangle) and T4 (closed square) and TSH levels (open ftriangle). The lower
panel shows Hb concentrations (closed circle) and MCV of erythrocytes (open circle) during the treatment with thyroid

hormones.

blood cells may cause hemolysis. Hereditary spherocytosis
causes a common hemolytic anemia due to morphological abnor-
mality of red blood celis. On the other hand, elliptocytosis is
much more rare than spherocytosis. Elliptocytosis has various
grade of ellip tocyte shape of oval form and rod form [15].
However, the relationship between elliptocyte shape and
clinical severity is unclear. After the start of replacement
of L.-T4, serum LDH and

bilirubin levels were normalized, suggesting that latenthemolysis
was improved. Therefore, occasionally increased serum LDH

levels and bilirubin before the replacement therapy might be
derived from hemolysis based on elliptocytosis.

In conclusion, we reported a rare case of chronic thyroiditis asso
ciated with and anemia. The'replacement with thyroid hormones
improved anemia and increased the percentage of blood ellipto-
cytes with central pale in vivo and in vitro. These findings sug-
gest that thyroid hormone levels could contribute to the morpho-
logical change of elliptocytes, closely related to anemia in the
present case with primary hypothyroidism.
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Fig. 2. Morphological changes of blood erythrocytes incubated with different concentrations of thyroxine. May-Giemsa
staining (x1,000) of blood smear is shown. Erythrocytes were obtained from the patient with primary hypothyroidism (A)
and a normal control subject (B) and incubated with different concentrations of thyroxine for 3 hr. Elliptocyte without cen-
tral pale of oval form and of rod form are exclusively found in the patient blood samples incubated without adding thyrox-
ine (thyroxine levels of 46 nmol/L)(A-1). The arrows in Fig. A-1 and -2 showed representative elliptocyte of oval form
without or with central pale, respectively. Percent of elliptocytes with central pale are increased in the patient blood
samples affer the incubation in higher thyroxine levels (A-2; 170 nmol/L, A-3; 1,372 nmol/L). Normal ervthrocytes are not
morphologically affected by thyroxine levels (B-1: 132 nmo”. B-2" 270 .imuJL, anu B-3; 1,412 nmol/L).
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Abstract

The prospective study investigates the differences of two levo-thyroxinefiodide combinations (thyrox-
ine:iodine 1:1 vs. 1:2) with regard to reduction of thyroid gland size, iodine secretion, thyroid hormone
parameters and side effects. Two groups of non-treated patients with euthyroid iodine-deficiency goi-
ter were randomized, one group received a fixed combination of 100 ug levothyroxine + 100 g iodine,
the other 75 pg levothyroxine + 150 pg iodine for a period of 6 months. Efficacy was assessed by the
change in ultrasonographic size of the thyroid gland. Secondary parameters included iodine secretion,
basal thyroid-stimulating hormone, bound thyroxine, free thyroxine, bound triiodothyronine and the
free trilodothyronine. Under the 1:2 combination reduction in size of thyroid gland was observed as
22% while it was 17% under the 1:1 combination which was not significant. Urinary iodine excretion
was found significantly raised in both the groups by 86.5% and 74.8% respectively. TSH suppression
was found less under the 1:2 combination (48.9% vs. 63.3% P= 0.011) which contained 25% less hor-

mone but the effect was comparable.

Introduction

lodine is one f the essential elements required for normal human
growth and development. Its daily per capita requirement is 150
micrograms. Deficiency of iodine in the diet may result in the
development of goitre and other iodine deficiency disorder (IDD)
including physical and mental retardation and endemic cretinism.
More than 13% of the world's population suffer from one or the
other form of iodine deficiency disorder while 1.572 billion popula-
tion is estimated to be at risk of developing iodine deficiency.
Approximately 655 million population living in 118 countries have
endemic goitre and about 12 million suffer from endemic cretin-
ism (WHO/UNICEFACCIDD 1993) [1,2].

The endemic goiter is a descriptive diagnosis, and is generally
considered to be due to insufficient iodine supply in nutrition.
lodine is an essential substrate in the synthesis of the thyroid
hormones T4 and L-triiodothyronine (T3). The normal human
thyroid gland releases about 65 ug of hormonal iodine to the
circulation per day, which is the minimum daily requirement of
iodine, whereas iodine intake is considered adequate when it is
between 100 and 200 ug/day. In nonendemic areas, the urinary
iodine level is at least 100 ug/l. A severe iodine deficiency is
considered to occur with a daily iodine excretion of less than 20
Mg/, a moderate deficiency, 20 to 49 pg/l, and a mild deficiency,

50 to 99 pg/l [3,4]. The prevalence of endemic goiter varies with
the severity of the iodine deficiency.

Endemic goiter is the end-result of physiological and morphologi-
cal changes in the thyroid gland as adaptation to an insufficient
supply of dietary iodine. When the iodine intake is low, thyroid
hormone synthesis is impaired. Mobilization of local regulatory
mechanisms, e.g. the release of growth factors like tissue growth
factor® (TGF-B) or endothelial growth factor (EGF), lead to
hyperplasia of the thyreocytes, and the increased release of the
thyroid stimulating hormone (TSH) leads to a hypertrophy of the
thyreocytes, too. In a chronic iodine deficiency, the follicles be-
come inactive and distended with colloid accumulation. These
changes persist into adult life, and focal nodular hyperplasia may
develop to noduie formation.

The final objective of correction of iodine deficiency is not anly to
increase the access of the population to iodized salt and to nor-
malize the urinary iodine concentration, but mostly to normalize
thyroid size and function tests. Only the application of iodine can
supply the intrathyroidal iodine deficiency so as to affect hyper-
trophy and hyperplasia of the thyreocytes. On the other hand the
application of iodine alone in aduits {others than in children) is
critical, as there is need for a higher dosage with the risk of hy-
perthyroidism and appearance of TPO antibodies [5]. Therefore
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combinations of levothyroxine and iodide are favorized, as nu-
merous studies proved a higher efficacy for combination prepara-
tions as for levathyroxine resp. iodide alone [5,6,7].

The present prospective study shall determine the efficacy and
compatibility of two commonly applied combinations of levothy-
roxine and iodine to normalize thyroid function, both preparations
characterized by different combination ratios (thyroxine : iodine
1:1 vs. 1:2). Differences were analyzed with regard to the devel-
opment of the thyroid gland size, iodine secretion, and thyroid
hormones.

Patients and Methods

The study was conducted as a prospective, randomised, verum-
controlled multi-center study in the Region of Bonn (Germany).
People measuring the goitre volume were biinded to-the experi-
mental treatment. All patients as well as the local ethic commis-
sion submitted their agreement to the study.

Between 1998 and 2000, the data of all patients, who underwent
general endocrinological diagnostic measures, were checked for
the criteria of endemic goiter. Patients with nodule formations,
autonomous areas, as well as those with medical pre-treatment
were excluded. Patients, who's data matched the criteria, were
assigned to a random list for the two treatment groups.

Each group was treated over a period of six months. The patients
were instructed to take their medicament every moming half an
hour before breakfast. One group (group A) received a fixed
combination of 100 pg levothyroxine + 100 pg iodine (Jodthy-
rox®), the other (group B) a fixed combination of 75 pg levothy-
roxine + 150 pg iodine (Thyronajod®).

Ali patients underwent clinical examination and evaluation of
medical history before and after six months of therapy. For the
assessment of tolerability, TPO antibodies, undesired adverse
reactions, reasons for abandonment of treatment, clinical findings
and patient's assessment were specified.

The primary parameter for efficacy was the variation of ultra-
sonographic volume of the thyroid gland. The ultrasonographic
volume of the thyroid gland was determined in real-time sonogra-
phy with a Siemens, Sonoline Elegra, 7.5 MHz ultrasound as-
sembly according to the method of Brunn [8).

Secondary parameters were variations in concentrations of uri-
nary iodine, basal thyroid stimulating hormone (TSH), TSH after
thyroid releasing hormone (TRH), bound thyroxine (TT4), free
thyroxine (FT4), bound triiodothyronine (TT3), and free triiodothy-
ronine (FT3). Basal TSH (standard: 0.3 - 4 mU/), FT4 (standard:
11-23 pmol/l) and FT3 (standard: 3.4-7.6 pmol/l) were quantified
with commercially available validated enzymatic or radioimmuno-
assay. The iodine concentrations in casual urine were deter-
mined with high-pressure liquid chromatography (HPLC).

Statistical analysis was based on all randomized patients. Differ-
ences to initial values were tested as conjoint samples with the

Wilcoxon-Test, in the comparative check the Mann-Whitney-Test
was used. The level of significance was assessed at a = 0.05
bidirectional. As there was no adjustment of the probability value
for the multiplied secondary parameters, only the statistical
analysis of the variation of the thyroid gland volume as primary
parameter was evidentiary. Concerning TSH only the difference
of the logarithms were used as test values, as only in these
cases there is a linear dose-effect relationship to thyroxine as
approximatively equivalent to percentual reduction.

Results

Table 1 shows the demographic data of the patients involved in
the study. 104 patients took part in the study, and none of them
abandoned treatment. 65 % of the patients were female with a
median age of 36 years (18 to 78 years) in both groups. There
was no statistical difference in height in both groups (men: 182.9
+ 7.4 in group A, 181 + 7.4 in group B; women: 169.4 + 7.1 in
group A, 167.7 + 8.7 in group B), but there was a statistical sig-
nificant difference between both groups concerning the weight of
the men (90.3 + 14.2 in group A, 79.6 + 124 in group B},
whereas there was no statistical difference concerning the weight
of the female patients (72.2 + 14.9 in group A, 734 + 114 in
group B). Seven patients of group B mentioned additional medi-
cation: one patient took insulin and furosemid, one metoprolol
and cumarin, one more patient took magnesium, one amlodipin,
two ibuprofen, and one propranolol. In both groups one third of
the women used estrogene preparations.

70 % of the patients complained of neck disturbances. In only 2
% of the patients goiter was primarily diagnosed, whereas in 98
% of these untreated patients there was a history of goiter with no
statistical difference between the two groups.

Before therapy the ultrasonographic volume of the goiter was
between 18 and 78 ml with a median of 30 ml, and there was no
statistical difference between both groups. Thyroid hormones
(basal TSH, FT4, TT3, urine iodine} in the beginning of the study
showed no statistical differences between both groups either
(Table 2). The data for TSH after TRH, TT4 and FT3 were in-
complete and could not be analyzed.

After six months of treatment the thyroid volume had decreased
in both groups with a high statistical significance (Fig. 1). Within
group A there was a reduction of 5 ml (median) or 16.5 % respec-
tive, with an arithmetic mean of 17.7 %. Within group B there was
a reduction of 6 ml (median) or 20.3 %, with an arithmetic mean
of 22 %. There was no significant difference between the results
of both groups.

fn both groups urine iodine as an indirect parameter of the
thyreoidal iodine supply had increased significantly. Within group
A there was an increase of iodine secretion of 36 ng/g creatinine
(median) or 46 % (arithmetic mean: 74.8 %). As expected, within
group B the increase of iodine secretion was much higher with 61
nglg creatinine (median) or 65 % (arithmetic mean: 86.5 %), and
there was a significant difference between both groups (group A:
p = 0.013, group B: p = 0.001).
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Table 1: Demographic Data of all patients before therapy (mean + standard deviation; m = male, f = female)

Group A Group B
gender (p=0.83) 19 (m)/32(f) 17 (m)/ 36 (f)
age (years) (p=0.98) 368+£9.2 36.2+£71
Height{cm)(p=0.45) 1829 + 74 (m) 181.0+ 7.4 (m)
(p=0.37) 169.4+7.1(f) 167.7£ 6.7 (f)
Weight(kg)(p=0.05) 903 + 142 (m) 796+ 124 (m)
(p=0.23) 72.2+14.9(f) 734 £ 114 (f)
Broca-Index(p=0.04) 1.09 £ 0.17 (m) 0.98 £ 0.13 (m)
(p=0.23) 1.05 £+ 0.20 (f) 0.98+£0.13 (f)
sonographic volume of the thyroid gland (mi) (p=0.31} 353+ 152 3231123
history of goiter (months) (p=0.70) 751204 42+11.0

Table 2: Thyroid hormones before therapy

Group A Group B
basal TSH 1.19+0.35 1.34 +0.41
FT4 1.30+0.24 1.26 + 0.23
T13 1.42+0.25 1.35+0.24
urine iodine  91.8 +29.9 102.1 + 524

Basal TSH was reduced below the initial value. Within group A
the reduction was 0.70 mU/l (median) or 70.0 % (arithmetic
mean: 63.3 %), within group B the reduction was 0.68 mU/ (me-
dian) or 56.3 % (arithmetic mean: 48.9 %). The difference of the
logarithms in relation to the initial values was significant in both
groups as well as the difference between the two groups (p =
0.011).

The increase of FT4 within group A was 0.20 ng/dl (median) or
154 % (arithmetic mean: 16.4 %), within group B 0.20 ng/d!
(median) or 11.5 % (arithmetic mean: 15.1 %). The difference in
refation to initial values was significant in both groups, whereas
there was no difference between the groups.

Concemning TT3, only data of 36 patients in each group (72 %)
were available, statistical analysis is restricted to these data.
Within group A the reduction of TT3 was 0.1 pg/l (median) or 6.0
% (arithmetic mean: 1.3 %), within group B 0.1 pg/l (median) or
8.0 % (arithmetic mean: 5.9 %). The difference in relation to initial
values was significant in both groups, whereas there was no
difference between the groups.

Both prescriptions were tolerated very well. The patients as-
sessment of therapy was estimated good or very good in 74 % of
group A and 82 % of group B (not significant). There was one
case in each group which developed TPO antibodies > 35 IU/ml,

Fig. 1: Sonographic volume (mean volume) of the thyroid gland before (1) and after (2) 6 months of therapy
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but below 100 IU/ml during treatment. There were no severe
adverse reactons and no abandonment of tréatment. After six
months of trealment there was one case of occasional tachycar-
dia in group B, whereas there were 10 cases with these com-
plaints in group A. There was no case of increased defecation in
group B, but 6 cases in group A. The differences in clinical effects
were statistical significant.

Discussion

Prescriptions of hormone-iodide-combinations for the treatment
of euthyroid goiter have increased in recent years. The present
prospective study compared two commonly applied combinations
of levothyroxine and iodine, characterized by different combina-
tion ratios (thyroxine : iodine 1:1 vs. 1:2). The intention of the
development of the 1:2-combination ‘was to avoid a too intense
suppression of TSH and to keep or increase the level of iodine
concentration in the thyroid gland. The application of thyroxine in
TSH suppression dosages is supposed to decrease osseous
density in post-menopausal women [9,10], and to increase the
incidence of tachycardia or atrial fibrillation. Although these side
effects until now are not proved as facts [11], a total TSH sup-
pression should be avoided, as a too intense suppression of TSH
anticipates thyroidal iodine uptake {12].

In everyday practice reduction of the thyroid volume is the main
criterion to estimate the success of therapy. The thyroid volume
decreased in both groups significantly with the efficacy of the 1:2
combination similar to that of the 1:1 combination. The result of
this study is in accordance with previous studies, especially with
a study on more than 200 patients treated with the same 1:2
combination [13], whereas in other studies with different thyrox-
inefiodine ratios efficacy was lower [14]. However, because of the
varieties in study design restrictions to compare the data must be
foliowed. Treatment with the combination of 75 g levothyroxine
and 150 pg iodine was associated with a lower reduction in TSH

and higher iodine excretion, which is in accordance with the.

intention of the preparation. Although this combination prepara-
tion contains 25 % less hormone, its efficacy is comparable. But
for this preparation, too, it must be taken into account that in case
of undesirable TSH suppression the thyroxine dosage still must
be consecutively reduced.

Conclusion

It can be concluded that combination therapy had a lower
excretion of TSH and higher iodine excretion. To avoid
undesirable TSH suppression, the dosage of thyroxine may be
reduced.

Recommendation

Such type of prospective comparative studies are recommended
to be conducted elsewhere also.
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Abstract

GABA (y-aminobutyric acid) is the main inhibitory neurotransmitter in the central nervous system. The
inhibitory action of GABA is mediated by the receptors present on the cell membrane, and results in a
reduction of neuronal excitability. it may be useful in the treatment of Huntington’s disease, epilepsy
and Parkinson’s disease [1,3]. The aim of this investigation was to develop a new pro-drug molecules
able to increase the uptake of the GABA molecule in the brain, Here we report preliminary pharmacol-
ogical results of 11 new pirrolidin-2-one derivatives, as potential anti-convulsive drugs.

Introduction

GABA (gamma-aminobutyric) is the most important and abundant
inhibitory neurotransmitter in the brain (it's actually an amino acid
classified as a neurotransmitter). It helps in due relaxation and
sleep. It acts as a “balancer” for the brain where excitation of the
brain is balanced with inhibition. In addition to it's positive effect
on the nervous system, medical studies have also proven GABA
to have many other important positive effects on the body follow-
ing supplementation {1-4]. First, GABA naturally stimulates the
anterior pituitary gland to secrete higher leveis of Human Growth
Hormone {(HGH). Second, studies have shown GABA to improve
sleep cycles leading to more restful sleeping and more interest-
ing, vivid dreaming. Third, GABA has shown powerful stabilizing
effects on blood pressure.

Finally, research has demonstrated GABA to be a very effective
analgesic, eliminating pain from chronic conditions such as arthri-
tis and lower back pain. HGH is a hormone that is widely known
for its powerful anabolic (muscle building) effects as well as its
lipotropic (breakdown and utilization of body fat) effects [1-4]. The
overall result of these effects is an increase in lean tissue mass
and a decrease in body fat. The development of new pro-drug

molecules able to increase the uptake of the GABA molecule in -

the brain, is a very important target in this field. Different GABA
pro-drugs are reported in literature [4,7}. The aim of this work
was to present a new pharmacological study of néw pirrolidin-2-
one derivatives, as potential anti-convulsive drugs. These com-
pounds, called N1-N11 (Figure 1), are structural GABA cyclic
analogous [8-15] and here we report their prefiminary results on
the synthesis and on the anticonvulsive activity [16-23}

Materials and Methods
Experimental Session
Pharmacology

Cytotoxic assay: Citoxicity test is based on inhibition of proteic
synthesis, that is caused by tested drugs. The drugs are incu-
bated at scalar concentrations in different experimental conditi-
ons. Results are reported as percent of proteic synthesis, com-
pared to controls cultures, background values being substrated. It
is performed on human cancer cells growing in adherence: HT-29
and Igrov 1.

Mean 3H-leucine incorporation in untreated control cultures is
12.000 cpm for HT-29 and 25.000 for Igrov 1 cells. Evalueting the
results, it is evident that ICso values of the different drugs tested
are not influenced by time of drug exposure.

The HT-29 are colon-rectal adenocarcinoma cells obtreined from
ATCC (ref. N° HTB-38), whereas the Igrov 1 are human ovarian
carcinoma celis culture medium containing 10% of fetal cow se-
rum (FCS), glutamine (2mM) and antibiotics (penicillin 100 Ul/ml,
kanamicyn 100 mg/ml, streptomycin 100 ng/mi).

They are cultivated in thermostat in wet atmosphere at 5% of CO»

-at 37 C°.

In 96 flat bottom wells plates, 3x104 cells/wells are putin a culture
volumie of 100 ul and they are left to ad there for 3-8 hours in in-
cubator. Meanwhile, diluitions of the substances having final mo-
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larity from 1x10-3 to 1x10-® one prepared; the substances are
tested in drug scalar concentrations and each point is tripled.

100 pl of each diluition is put in each well. These tests are per-
formed incubating for 24 and 72 hours. Wells are then emptied
and 150 i of RPMI containing a 1 pCi of triziatic leucine (L-{4,5]-
leucine, 58Ciimmols) are added and all is incubated for 16-17
hours. Wells are then emptied, quickly washed using 100 pl of
trypsin and incubated for 15 min. at 37°C using 100 pl more of
the enzymatic solution.

We perform then the lysis of the ticking up the colture of the cells
in order to determine the quantity of marked aminoacid incorpo-
rated in the protein. The content of the wells is aspirated, trans-
ferred to filter-paper and, once dried it is put in polyten vial adding
3ml of Ready Gel scintillation liquid so as to measure the radioac-
tivity at the B-counter. Results are expressed ad H-leucine incor-
poration referred to the white, in function of the different cytotoxic
substances dilutions. Usually, controls present a radioactivity of
about 12.000 cpm for the HT-29 and 25.000 cpm for the Igrov1.

Results and Conclusions

Glutamate and gamma-amino butyric acid (GABA) systems are
emerging as targets for development of medications for mood
disorders [1-4]. The preponderance of available evidence sug-
gests that glutamatergic and GABAergic modulation may be an
important property of available antidepressant and mood-
stabilizing agents [24]. It is involved in a wide spectrum of physio-
logical functions and behaviours, from sleep and sedation to con-
vulsions. Here we report cytotoxic activity of 3 compounds of a
new series of GABA cyclic analogues. Evaluating the results, we
can demonstrate that ICse values of the different drugs tested are
not influenced by time of drug exposure (Table 1). GABA analo-
gous showed a very low toxicity and further studies are performed
towards this direction to identify GABA analogues miming better
the functions of this endogenous neurotrasmettiter.

Table 1: ICso values of the N5, N10 and N11 drugs tested '

ICso
GABA
Celiline  Drug N5 N10 N11
Incubation
HT-29 248 72h 3.2x104 3.2x104 2.5x104
ICso
Cell line Drug N5 N10 # N1t GAB
Incubation A
Igrov1 24&72h 3.0x104 3.0x104 2.5x104 T

In fact future research will be needed to develop and evaluate
new agents with specific glutamate and GABA receptor targets in
the treatment of mood disorders [1-4].

W

HCONH(CH;); ——N N1
0
CHy
NO,
CONH(CH)7—N N2
CH3 (o]
H3CO
N3
CONH(CH,)5—N
HsCO 0

Fig. 1: Chemical Structure for Compounds 1-3
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Abstract

Aztreonam, the first monobactam antibiotic to be released, has excellent activity against aerobic and
gram-negative bacteria, including P. aeruginosa. It is not ototoxic or nephrotoxic and therefore its use
is a good alternative in a lot of clinical situations to amino glycosides.. The aim of this preliminary
study was to show an antibacterial effect of a new series of azetidinone derivatives, which we synthe-
sized in our laboratory. The antibacterial effect of these compounds exhibited a greater activity than

penicillin G, taken as references substance.

Introduction

The monolattamics are a class of p-lattamic antibiotics introduced
in therapy in 1980 [1]. The lead compound, the aztreonam (Fig-
ure 1), is a simple § —lattamic compound, used in the treatment of
the Gram (-) bacteria’s infections and often involved in nosoco-
mial infections, particularly in some infections by P. aeruginosa.
Its use is useful when there are bacterial resistences to the clas-
sical p ~Jattamic compounds; infact aztreonam is a resistant drug
to B-lattamase [2].

Its clinical use includes the treatment of the urinary tract's
infections, bronchial airways, septicaemia and cutaneous infect-
jons due to Gram (-). It can be used in association with other
antibiotic, such as clindamicin, for the treatment of the post-sur-
gery pelvic infections and other pelvic infections [3].

The advantages of the use of aztreonam, in comparison to ami-
noglucosides, include a reduced ability to penetrate the cerebro-
spinal liquid, reduced ototoxicity andenefrotoxicity. There is not
interference with the coagulation processes and small immuno-
genicity. A further advantage is its possible use in patients aller-
gic to penicilins and cefalosporines, which show a different
mechanism of action [4]. Disadvantages of aztreonam compared
to amnoglycosides include the cost of the drug (50 times more
expensive than gentamicin), the lack of post antibiotic effect, re-
sistance to P. aeruginosa, and lack of significant activity against
Enterobacter cloacae and E. aerogenes. The restricted anti- mi-
crobial spectrum of aztrenoam has been proposed as an advan-
tage. Theoretically, this would permit targeting of a gram-negative
pathogen with minimal disruption of the (largely anaerobic) intes-
tinal flora. in fact, use of this drug has been associated with colo-
nization of gram positive organism, especially enterococci. Al-

though aztreonam appears to be an excellent antibiotic, its use
has been limited by its relatively high cost, narrow spectrum of
activity and the availability of numerous alternative agents. On
the basis of these considerations, we have prepared some
monolattamic [5] antibiotics [6,7] and we have studied their anti-
bacterial activity (Figure 2).

Materials and Methods
Used substances: Azetidinones -12 345 6.

Escherichia -strains;  Citrobacter  spp.;  Staphylococcus
epidermidis; Pseudomonas aeruginosa; Pastaurella multocida
(clinical isolation fetters) Pastaurella multocida (log ATCC)

Kirby-Bauer’'s Method

The substances tested were dissolved in DMSO (dimethylsul-
foxid) and were loaded by imbibitions on sterile disks of 6mm of
diameter.

The solid medium used for the assay of the sensibilities is the
Muller-Hinton with a agar concentration of about 1.5-2%, pH be-
tween 7.2 and 7.4, Mg concentration about to 20-35 mg/litr and
50-100 mg/litr Ca*=. The thickness was 4 mms, uniform in the
whole plate with the purpose to avoid different diffusion times.

The bacterial inocute had fixed to the 0.5 Mac Farland and pro-
tect to a concentration of ~10-8 mycro organisms/mls. In this way
it was take with an ansa 4-5 colonies of the examined strain and
inoculated in 4-5 mis of broth (Trypticase soy-broth). The sus-
pension was incubated at 35°C untilits turbidity reached the fixed
standard previously.
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Therefore the surface of a Muller-Hinton agar plate was inocu-
lated by a cotton sterile imbibed of culture broth and rotated 60°
degree before every series of you crawl in order to assure an
uniform distribution for the inocuton on the whole plate.

The sensibility's halos were measured in mm by a caliber in order
to outline also including in the survey the diskette.

The results of this studies,reported in Table |, show the sensibil-
ity's halos (expressed in mm), related to the tests done at differ-
ent concentration and in particular at 1200 ug, 1000 pg, 500 pg
for each tested substance.

Results and Conclusion

Aztreonam is a synthetic monobactam antibiotic that has excel-
lent activity against aerobic gram-negative bacilli. It can be used
as a single agent for the treatment of upper urinary tract infec-
tions caused by organisms resistant fo the cephalosporins and
ampicillin, others byciclic beta lactamic drugs.

Compounds with antibacterial activity are a class of pharmaceuti-
cals that clearly do not share a common mode of action. Further
more, there is no “typical’ antibacterial pharmaceutical com-
pound, and they are structurally diverse. In fact the pharmacol-
ogical profile can be attributed to their different chemical proprie-
ties. Anyway, in this preliminary studies it is evident that the com-
pound 1 show a good antibacteric activity especially on
Pastaurella at the dose of at 1200 pg, 1000 ug, while it is re-
duced at 500 pg.

CH,
H,C
o NOCONH(CHZ)SCOOH 1
CH,
HLC
N cl
0
CONH@—COOH 2
CH,
H,C
o NOCONHCHZCOOH 3

The compound 2,3 4 e 6 always show a dose-dependent activ-
ity but less than compound 1.

Compound 2 and 6, are the only two possessing an inhibing ac-
tivity on St. aureus. '

Structurally the compounds 1-6 show the same azetininone ring
on which an nitrogen’s atom brings an aromatic ring variously
replaced; evaluating the results it seems that compound 1 is the
best in this series, in fact may be that the presence of an alchylic
chain on the aromatic ring which divided the amidic function from
the other one acid, play a key role for its activity.

Further studies are performed towards this directions in order to
identify other analogues having a better activity and a wide range
of use.
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Fig. 1: Chemical Structure for AZ TREONAM
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Fig. 2: Chemical Structure for monolattamic antibiotics 1-6
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Table i: The table indicate the haloes {expressed in mm) of sensibility related to the tests done at con-
centrations of 1200 ug, 1000 ug, 500 ug, for each tested substance

1200ug  E.colii  Citrobacter St. epid. Pasteurella 5t aureus P. ai;rﬁéincsn

1 3 16 0 3.5 0 0

2 0 i 0.9 2.7 1.2 0

3 2 7.1 115 1.8 0 0

4 1.8 1.25 1.22 1.19 0 0

5 0 4.8 0 0 0 0

6 1.2 i 0.8 0 0 0
1M00ug  E.coli  Citrobacier St. epid. Pasteurelia St aureus P. auruginosa

1 2.5 1.2 0 2.8 0 g

2 0 0.8 0.7 2 0.8 C

3 17 0.7 0.8 1.3 0 0

4 P4 355 0.63 0.81 g 0

5 0 0 0 0 0

6 0.75 0.54 0.8 0 0 0
500ug £ coli  Citrobacier St epid. Pasteurella St. aureus P. auruginosa

1 0.75 0 0 0.9 0 0

2 0 0 0 0 0 0

3 0 ¢ 0 0 0 0

i G ! 0 0 0 o

5 0 0 0 0 0 0

2 o T o 0 !
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of symptomatic pall

Lione disease. However, there are stiii pade nts fequiring conversion fo open cholecyste\,tomy Qur aim
study is to identify significant factors that predict conversion.

£ single institutional study of 110 patients, in whom laparoscopic cholecysteciomy was attempted from
April 2063 1} Aprit 2004, was conductad. A retrospectwe analysis of 32 parameters including patient’s

der ovraphcs ciinical history, !aboratery d

med
vErsion

to open cholecystectomy .

“ne vesults show that laboratery tests and v
arsion of laparoscopic cholecys

LGQrQUC ,egressnon was used (o (létf‘mm“

ta, ultrascnic evidence, and intra-cperative details was per-
statistical significance of the studied factors for con-

Twenty three cases (20.9%) of attempted iaparoscopic cholecystectomy required convarsion. A binary
tic regression model employing the forward L-R method showed that dense adhesions, elevated
T levels, and common bile duct stonas diagnosed intra-operatively werzs consecutively significant.

autine ultrasonography can be recommended for predicting
toray. Knowledge of predictive factors aiong with their expiana-

don to natients and their attendants wiil serve te strengthen the surgesn-patient therapeutic ailiance.

introducy

reialive nei

omy is nang
tomy. sincs
ftve pain, and 5

asy of medical therapy. Laparoscopic cholecystec-

ally cnesen over conventional open cholecystec-

‘asults in shorter hospital stay. reduced oostopera-
as obvious cosmetic advantages.

Over 2 history spanning iose to 20 years. the threshold for se-
lacting patients ior laparcscopic cholecysteciomy has been low-
ererd. Previous contraindications like obestty, past laparotomy,
and acute cholecystits are no fonger regarded as absolute [11].

Teday, iaparoscopy i« attempted in ail patients except those with
oorial hyperiension ana serious leeding discrders, although
conversion is still reauire® in 1.5 % to 19 % of patients {11

The speciiic aim af ous
factors of lznarcseoni
view,

study is to highiic grificant conversion
v\:raoiecvstectomy HsinG a refrospeclive

Patient and Methods

110 cases of laparoscopic cholecystectomy were randomly se-
lected between April 2003 and April 2G04 at the Jawaharal
Nehru Mecice! College, Incia. A retrospeciive analysis of 32 pa-
ramefers including patient's opmograph . olinicai history, labo-
ratory defa. uilrasonic evidence, and irtra-cperative details was
performed

Demographic data inciuded the age, sex, duration of illness,
weight, and associaled co-rorbid factors of 'uberculosis, diabe-
tes mellitus, hypertension, and chronic obstructive pulmonary
disease. Clinical data inciuded fever, tendemness in the right up-
per quadrarit, icterus, and past surgical scar.

Preoperative laboratory anaiysis incivded complete hemogiam
including neutrophii counts and fevels of 3GP1. SGOT, akaline
phosphatase and bilirubin. Ultrasenic evidence inciuded the size
of the gall bledder, thickness 51 the call plaac'er wall number o7
gail stones, pericholecystic fluic. and common duct sistus
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Intraoperative details included the number of gall stones, evi-
dence of pericholecystic fluid, common bile duct stones, anatomy
of the Calot's triangle, adhesions, peroperative complications,
and whether conversion done or not.

The operations were performed by consultants only using a stan-
dard 4-point technique. They were assisted by senior residents.

More than 20 episodes of biliary colic were regarded as continu-
ous pain in right hypochondrium. Fever was present when body
temperature measured in axilla was more than 100°F. Tender-
ness was defined as tendemess in right hypochondrium on deep
palpation.

The reference range of SGPT and SGOT was found to be 0-30
U/ml. Reference range of alkaline phosphatase was found to be
30-300 U/ml from the Biochemistry Laboratory of Jawaharlal
Nehru Medical College, Aligarh.

Size of gall bladder was studied as normal or distended. Ultra-
sonic gall bladder wall thickness of 3 mm or less was considered
as normal. Thickness more than 3 mm was regarded as thick
walled gall bladder. Number of gallstones more than 1 was clas-
sified as multiple. Common bile duct status was studied as either
dilated or with stones. Dilatation was defined as a common bile
duct diameter of 6 mm or more.

Intra-operative complications studied included dense adhesions
around the biliary tree, inability to dissect the gall bladder, iatro-
genic bile duct injury, iatrogenic bleeder, ruptured gall bladder
with iatrogenic bile duct injury, ruptured gall bladder with iatro-
genic bleeder.

Statistical Analysis

A step-wise binary logistic regression model which used ‘forward
L-R method’ was designed to determine the statistically signifi-
cant factors amid the 32 independent variables studied.

Our model showed that the significant independent predictors
were the presence of adhesions, elevated SGPT levels, and
presence of common bile duct stones missed on routine ultra-
sonography.

The upper and lower values'of significance of odds ratio (see
Table 1) for all the significant predictors are unidirectional. For
adhesions and common bile duct stones, both are below 1, while
for SGPT, both values are above 1. This statistical fact ensures
that we can generalize the performance of our significant predic-
tors for the entire population of patients in whom laparoscopic
cholecystectomy is attempted and hence the result is not limited
to our sample only. i

Furthermore, apart from the above-mentioned significant predic-
tors, we found that the intra-operative complication of inability to

Table 1 Step-wise binary logistic regression of significant
conversion predictors for overall series

PREDICTORS  Wald df p ;’Eﬁg % CONFIDENCE
INTERVAL
Lower Upper .
Adhesions 21140 1 000 084 020 241
SGPT 14596 1 000 1083 1040 1.128
CBD stone 42340 1 000 045 002 864

dissect the gall bladder (Roa's score = 6.067, df =1, p=.01) can
also contribute to conversion of laparoscopic cholecystectomy

Results

Out of the 110 patients in whom laparoscopic cholecystectomy
was attempted, 23 (20.9%) required conversion. The reasons for
conversion in our study are summarized in Table 2.

The most common factor for conversion in our study was dense
adhesions around the gall bladder, which prevented accurate
identification of the biliary anatomy in 16 patients. Adhesions
were associated with 2 cases of inability to dissect the gall blad-
der requiring conversion, 2 cases of iatrogenic bile duct injury
requiring conversion, 3 cases of iatrogenic bleeders requiring
conversion, and 2 cases of ruptured gall bladder with iatrogenic
bleeder requiring conversion

Common bile duct dilation was found in 8 cases by routine ul-
tasonography. The cause of dilatation was identified as biliary
sludge in 4 cases (all ultrasonologically) and stones in the re-
maining 4 cases. Common bile duct stones were identified ultra-
sonologically in only 1 out of 4 cases where duct stones were
eventually found at the time of laparoscopy. In this single preop-
eratively diagnosed bile duct stones case, laparoscopy was at-
tempted but conversion was required due to inability to extract

~ the stones by laparoscopic choledocholithotomy. Common bile

duct stones were identified in the remaining 3 cases intra-
operatively out of which 2 were converted and 1 was successfully
completed as a laparoscopic procedure.

SGPT was found to be elevated in 40 cases, and was raised in
13 out of the 23 converted cases. No significant relation was
found between the likelihood of conversion and any of the follow-
ing variables: age, sex, duration of illness, number of biliary colic
attacks, fever, jaundice, associated co-morbid conditions, weight,
tendemess in right hypochondrium, past surgical scar, hemo-
gram, SGOT levels, alkaline phosphatase levels, bilirubin levels,
size of gall bladder, thickness of galt bladder wall, number of gall
stones, and pericholecystic fluid.
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Table 2: Reasons for conversion to open cholecystectomy in 110 patients

Intra-operative complication Total CONVERTED % out of 110 cases CONVERTED
Adhesions 30 16 14.5%
latrogenic bile duct Injury 7 3 2.7%
latrogenic Bleeder 6 4 3.6%
Ruptured Gall Bladder with latrogenic Bile Duct Injury 2 1 0.9%
Ruptured gall bladder with latrogenic bladder 1 1 0.9%
Inability to dissect gall bladder 2 2 1.8%

Discussion

Laparoscopic cholecystectomy has become the surgical proce-
dure of choice in the treatment of symptomatic cholelithiasis. With
experience, it is a safe and cost efficient procedure. However,
surprises like dense adhesions and ultrasonologically missed bile
duct stones calt for conversion to a conventional technique. iden-
tifying significant predictors for conversion help in patient
counseling and better pre-operative preparafion

in our study, conversion was required in 20.9% of the studied
laparoscopies. The actual rates of conversion reported in the
literature are variable [1-3]. However, our reported rate is rela-
tively high.

In concordance with other studies {1}, we believe that conversion
to open cholecystectomy should not be considered a failure but a
step towards safety in dealing with challenging cases. A decision
to convert should be treated as a measure of safety and not as a
sign of surgical incompetence.

In conformity with the findings of Fried et al [3] and Chi-Leung et
al [4], the commonest cause of conversion in our study is the
inability to define biliary anatomy. We found dense adhesions of
the gall bladder to the common bile duct and adjacent structures
caused this. Although these dense adhesions may be a patho-
logical consequence of prolonged duration of symptoms due to
delay in operation, the latter was not found to be a statistically
significant independent predictor in our study. This is contrary to
the report of Rattner et al [5].

The second commonest significant factor was found to be ele-
vated SGPT levels. This was present in 36.4% of our patients
and 56.5% of converted patients.

The other commonest significant factor was the surprise of bile
duct stones missed ultrasonologically . In our study, only 25 %
common bile duct stones were diagnosed pre-operatively despite
dilatation present in all cases where bile duct stones were even-
tually found. Hence, we agree with Fahike et al [6] that the pres

ence of CBD dilatation alone does not refiably predict presence of
common bile duct stones.

Although gall bladder wall thickness was present in 46.3%
laparoscopies and 56.5% converted laparoscopies, our statistical
analysis showed that it was of little use in predicting per-operative
difficulty. This is in corroboration with the findings of Mcloughlin et
al [7). Hence, we do not regard it as a significant factor for con-
version.

in contrast to the findings of Fried et al [2], we could not establish
the male sex or increasing age as significant pre-operative pre-
dictors in conversion. However, we agree with his study that pa-
tients with multiple previous laparotomies have not proved to
have a problem with laparoscopic cholecystectomy.

In summary, to determine the risk factors for conversion of
laparoscopic cholecystectomy to open cholecystectomy, preop-
erative and intra-operative data were collected and analyzed
retrospectively from 110 randomly selected patients. The analysis
showed that both patient factors and surgeon factors predicted
conversion of laparoscopy.

Factors found statistically significant were dense adhesions, ele-
vated SGPT levels, and common bile duct stones missed in rou-
tine ultrasonography consecutively. Knowledge of these factors
may therefore, facilitate surgeons to choose the appropriate
modality of surgery and convey the chances of conversion to the
patient.

Acknowledgement

The authors are thankful to Dr. Lalit Singh, Surgery Resident,
Jawaharlal Nehru Medical College for his cooperation in the
preparation of this manuscript.

References

1. Alponat A, Kum CK, Koh BC, et al. Predictive factors for con-
version of laparoscopic cholecystectomy. World J Surg 1997
21:629-633



106 Qayyum/ Rizvi

2. Fried GM, Barkin JS, Sigman HH, et al. Factors determining
conversion to laparotomy in patients undergoing laparoscopic
cholecystectomy. Am J Surg 1994; 167: 35-41

3. Samabria JR, Gallinger S, Croxford R, Strasberg SM. Risk
factors in elective laparoscopic cholecystectomy for conver-
sion to open cholecystectomy. J Am Coll Surg 1994; 179: 696-
704,

4. Chileung liu, Sheung-tat Fan, Edward C.S. Lai et al. Factors
affecting conversion of laparoscopic cholecystectomy to open
surgery. Arch Surg 1996; 131:98-101

5 Rattner DW, Ferguson C, Warshaw AL. Factors associated
with successful laparoscopic cholecytectomy for acute chole-
cystitis. Ann Surg 1993; 217: 233-236

6.  Fahlke J, Ridwelshi, Manger Th, Grote R, Lippert H. Diagnos-
tic workup before laparoscopic cholecystectomy- Which diag-
nostic tools should be used? Hepato-Gastroenterology 201;
48: 59-65

7. Mcloughlin RF, Gibney RG, Mealy K et al. Radiological inves-
tigations in laparoscopic compared with conventional chole-
cystectomy- an early assessment. Clinical Radiology 1992; 45:
267-270

Address:

Dr. Hasan Qayyum
6-B Manzar

Sir Syed Nagar
Aligarh 202 002
India

e-mail: hasanq_2000@hotmail.com



Biomedical Research 2004; 15 (2): 107-109

Short communication

A case of malignant catarrhal fever by OHV-2 in Ita]y

C. Benazzi*, A. Gentile°, B. Brunetti*, S. Sconza°, G. Sarli*

*Department of Veterinary Public Health and Animal Pathology, oVeterinary Clinical Department, School of Veterinary Medicine of Bolo-

gna, Via Tolara di Sopra, 50 — 40064 Ozzano Emilia (BO), ltaly

Key words: Sheep-associated malignant catarrhal fever (SA-MCF), OHV-2, gammaherpesvirus, PCR

Accepted March 9 2004

Abstract

The first case of malignant catarrhal fever by OHV-2 in bovine in Northern ltaly is presented in a 9-month-old
Holstein heifer. The diagnosis was suspected on the basis of clinical signs and histopathological lesions of
microangiopathy. It was confirmed by PCR performed on the blood of the subject, and immunohistochemical
features showed a prevalence of CD3, suggesting that T-lymphocytes are the major cell type in this case.

Introduction

A typical case of Malignant Catarrhal Fever (MCF) is the object of
this case report that concerns the [1,2] characterized by high
mortality rate (3, 4, 5), but morbidity is irregular and usually low
(6, 7). The disease is caused naturally by at least two distinct but
related gammaherpesviruses, namely alcelaphine herpesvirus 1
(AHV1) and ovine herpesvirus 2 (OHV-2). This paper refers the
first case in Northern ltaly and the third in Italy of sheep-
associated malignant catarrhal fever (SA-MCF) in bovine in which
it has been possible fo isolate the OHV-2 genomic DNA via the
PCR technique [8,9,10].

Case report

The history of the animal, a 9-month-old Holstein heifer, reported
clinical evidence of chronic diarrhea associated with appetite dis-
turbances and progressive weight loss. On the basis of these
symptoms the refering veterinarian had sent blood samples to
Istituto Zooprofilattico Sperimentale of Bologna that excluded the
presence of bovine viral diarrhea-mucosal disease (BVD-MD) by
serological (ELISA and Kit-1ZS-BS) and virological (ELISA) ex-
ams. As the clinical symptoms progressed, bilateral corneal
opacification appeared and the heifer was referred to the Veteri-
nary Clinical Department of the Veterinary School of Bologna for
more accurate exams. The first clinical approach evidenced a
retarded development of the body compared to the head, anxiety,
cachexya (the weight was 150 kg), dry skin, with crusts in some
areas, bilateral corneal opacity, diarrhea, and ruminal hypotonia.
An evaluation of the spinal fluid (obtained by post-occipital ra-
chicentesis) gave the following resuits: protein 32.9mg/dl (normal

<30mg/dl), creatinchinase 56 U/l (normal <15 1U/l) and leuco-
cytes 38/ul (normal <5leucocytes/ul) all mononuclear cells.
These values let the authors suspect a non-suppurative en-
cephalitis, probably due to MCF virus. The heifer was put down.

Clinical and postmortem examinations revealed, bilaterally, scar-
ring of the comea and congestion of scleral vessels, extensive
necrotic ulcerative lesions (Fig. 1) located on the epithelium of
the tongue and palate; the mucosa of the stomach presented
spread reddened patches and, in the pyloric area, ulcerative fe-
sions with slightly raised margins. An ulcer was visible on the
vulva. Grey foci of interstitial nephritis could be seen in the cortex
of both kidneys. These lesions were 3-5 mm in diameter and
slightly indented. Similar foci were visible in the myocardium as
well. The brain presented meningeal melanosis.

The histopathological changes were those of a multifocal mono-
nuclear inflammation: lymphoblasts, lymphocytes, macrophages,
and plasma cells were observed in the kidney, spleen, lymph
nodes, myocardium, skin, eyes, and mucosa of the tongue and
abomasum. The most typical lesions were vascular alterations, in
particular arteritis, characterized by mononuclear infiltrations in
the adventitia and fibrinoid necrosis. The myocardium showed
obliteration of a branch of a coronary artery, caused by hyperpla
sia of the tunica muscolaris of the wall. The brain presented se-
vere non-suppurative inflammation: mononuclear cuffing, passive
hyperemia and perivascular edema. Satellitosis and neuronal
necrosis were especially severe in the Satellitosis and neuronal
necrosis were especially severe in the cerebellum, in addition to
lymphoid inflammation of the meninges. Follicular hyperplasia
and neuronal necrosis were especially severe in the cerebellum,
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Fig. 1. Gross aspect of the right eye of the heifer affected by MCF showing opaque cornea thickened by scarring.
An ulceration is visible in the inferal edge of the eye.
< e - oo = »>i$‘9~\'-'§
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Fig. 2. Immunohistochemically the heart presents abundant CD3 infiltration among cardiac muscle cells. 63x.
by - \*3; TR e T

Fig. 3. Immunohistochemical stain for actin reveals hyperplasia of muscle cells in renal artery. 20x.
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In addition to lymphoid inflammation of the meninges. Follicular
hyperplasia was observed in the paracortex and medulla of lymph
nodes and in the spleen, with congestion and haemosiderosis.
Besides infiltration of mononuclear cells, the skin showed diffuse
hyperkeratosis, foci of necrosis and ulcerations.

Immunostaining was carried out by means of monoclonal anti-
body anti-CD3, clone F7.2.38 (Dako), diluted 1: 75 for the identifi-
cation of a T lymphocyte poputation, and anti-CD79, clone HMS57
(Dako), diluted 1:50, for the detection of B lymphocytes, in the
inflammatory infiltrates of the heart (Fig. 2), skin, abomasal mu-
cosa, and kidney, and in the periarteriolar spaces of the brain,
- kidney and heart. Lymphocytes presented stronger positivity for
CD3 than for CD79, indicating that T-lymphocytes are the major
infiltrating cells in this case of MCF. Moreover, a monoclonal anti-
body anti-smooth muscle actin, clone 1A4 (Dako), diluted 1:100,
was employed to evidence marked hyperplasia of blood vessel
walls in the heart and kidney (Fig. 3).

The diagnosis of MCF was strongly suggested by the clinical
signs, postmortem and histopathological findings. However, to
identify which virus was responsible for this form of MCF, PCR
was performed on the blood of the subject, at the Bayerisches
Landesamt fir Gesundheit und Lebensmittelsicherheit of Munich
(Germany), and ovine herpesvirus 2 (OHV-2) DNA was amplified.
This is the first account of a virologically confirmed OHV-2 case in
Northern Haly.
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Abstract

Electromyographic examination (EMG) is a diagnostic technique, useful to discriminate between myo-
genic and neurogenic problems. In our study we used a multi-MUP EMG analysis, an online method
that, permitting to know the results in real time, may be advantageous especially in uncooperative and
not sedated animals. The EMG examination was performed in ten heaithy horses on splenius, trapezius
and triceps muscles, using concentric needle electrodes. The signals were acquired and analyzed
online with a dedicated software that proposed some grouping of the motor unit potentials (MUPs). For
each subset of MUPs the program analysed duration, amplitude, area/amplitude ratio and firing rate.

The results indicate that no significant differences have been evidenced among the three muscles stud-
ied. The MUPs had a duration of 8.04 ms # 2.32 (S.D.) in splenius, 7.85 ms + 2.61 (S.D.) in trapezius and
7.35ms +2.32 (S.D.) in triceps, while amplitude values were 2.52 pV £ 0.22 (S.D.) in splenius, 2.56 pV +
0.21 (S.D.) in trapezius and 2.59 pV + 0.29 (S.D.) in triceps. The plotting of amplitude versus duration,
for all three muscles studied, showed a homogeneous range of normality. We believe that the present
method may be adopted to create a normative data base for evaluation of muscular function in clinical

studies.
Introduction

Electromyography is a well-established technique for evaluating
the electrical activity of the motor unit (MU) [1]. The recording
electrode is placed directly into the muscle belly and the muscle
action potentials, discrete discharges of the motor neurons, are
recorded from the interstitial fluid. Consequently, the distance of
the recording electrode from the active muscular fibre is respon-
sible for the waveform and amplitude of the recorded signal, and
itis of great importance in the assessment of motor unit potential.

The first electromyographic qualitative studies have been made
by Adrian and Bronk in 1929 by Adrian and Bronk in 1929 [2], by
means of some specially manufactured concentric needle elec-
trodes. [n this method the electromyographers assess the traces
subjectively, by viewing them on an oscilloscope screen and by
listening to their sound on an audio monitor, providing a semi-
quantitative evaluation of the muscle activity.

In the middle of the 1950s, Buchthal et al. introduced quantitative
motor unit potential analysis, but this method had some incon-
veniences, because it could request a lot of time for analysis of
fimed traces [3-5)/ Both the semi-quantitative and quantitative
methods, evidencing changes in physical properties of MUPs,
provides clues for clinical diagnosis of neuromuscular diseases,
but, in order to record activity from the entire motor unit, Stalberg
et al. [6] developed in 1980 a non selective technique (Macro

EMG) correlated with the number and size of muscle fibres. Re-
cently, Wiinberg et al. {7] have performed, in horses, the offine
analysis of the MUP in a semiautomatic way, where the MUPs
were selected and analyzed manually. This method is user
friendly, with good accuracy, reiiability and reproducibifity and it is
sufficiently fast to be used in routine EMG analysis, also in unco-
operative animals.

To know the results in real time without manual trigger or delay
line, in our study we use a method in which the sweep is free
running; in this program the algorithms are based on a “turns’
analysis described by Willison [8].

The aim of our study is to establish normal values of the physical
properties of the MUPs in terms of amplitude, duration,
area/amplitude ratio and firing rate in healthy horses, in order to
create a data base usabie in clinical studies for electromyog-
raphic evaluation of muscular function.

Materials and Methods

Animals

Ten healthy horses, 4 geldings and 6 mares, aged 154 + 2.65
trained to riding lessons, were used. The animals were not anes-

thetized or sedated and were maintained in a stable, without any
form of restraint,
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EMG equipment

The EMG examination was performed by inserting a disposable
concentric needle electrode (75 mm x 0.64 mm - 23G, Med-
tronic, Denmark) in the muscle and gently searching for a site
where the EMG signal was crisp. The EMG signal has been ac-
quired and analyzed online with a portable commercial EMG
equipment (Keypoint, Dantec, Denmark) with dedicated software
(Quantitative EMG including Multi-MUP). This equipment used a
pass-filter, usually setting at 20 HZ to 10 KHZ.

Signal procedure

Before inserting the concentric electrodes to record EMG signals,
the animals were connected to ground with a subcutaneous nee-
dle electrode, positioned near a bony prominence, such as spina
scapulae or ischial tuber. Since the concentric electrode recorded
the muscle action potentials from fibres close to the tip of the
electrode, it was necessary to move the needle, advancing or
withdrawing it in small steps and maintaining it in each new posi-
tion with a fim grip, to sample some different areas (at least
three for each insertion).

In our study we have evaluated each muscle at rest and during
different degrees of contraction, obtained during horse’s own
movements or inducing the shift from one limb to the other.

The EMG examination was performed in two steps: 1) insertional
activity and spontaneous activity, evaluated at rest; 2) motor unit
potentials, evaluated during “voluntary” activity.

1. Insertional activity lasted little longer than the move-
ments of the needle and it represented the muscular fi-
bre membrane imitability due to the insertion of the
electrode. Spontaneous activity was detected at the
end of insertional activity and, in healthy subjects, it
was characterized by an electrical silence.

2. Motor unit potentials were recorded during mild contrac-
tion of the muscle. In the horses, this step was very dif-
ficult to perform, because the animals were often unco-
operative and consequently it was necessary to force
them to slowly move. We have chosen to analyze three
muscles: splenius, trapezius and triceps.

Quantitative EMG evaluation

The software that we used proposed a grouping of the MUPs,
sampled from each different insertional areas. All the MUPs be-
longing to- a group were shown superimposed in a window of the
monitor and a weighted average of these MUPs was shown high-
lighted over them. Tags, that defined some of the MUP's charac-
teristics, were set on suggested positions by the program. Before
accepting the results, the operator deleted inconsistent groups
and adjusted tags position for definitive measurements.

Many different MUPs were usually obtained from each recording
site and there were different parameters that could be used for

their classification. According to the number of phases, evaluated
as the section of the MUP that fell between two baseline cross-
ing, the MUPs were divided in monophasic and polyphasic. Until
4 phases, the MUPs were classified as monophasic. For each
subset of MUP (simple or polyphasic), the software analysed the
following MUPs properties: duration, amplitude, area/amplitude
ratio and firing rate. The duration, a function of synchrony in the
firing of many muscle fibres belonging to a common motor unit,
was measured from the initial take-off to the return to baseline,
and the amplitude of the MUP was measured peak-to-peak within
the duration. The thickness was represented by area/amplitude
ratio, and the area was calculated within the duration of the MUP.
The firing rate was the reciprocal of the time between the inter-
discharge interval. ‘

Although our equipment permitted to evaluate many other MUP
parameters, we deemed not to report them in the paper, owing to
little clinical usefulness.

Statistical analysis

All the values were expressed as mean + S.D. To describe the
characteristics of duration and amplitude of the MUP, a descrip-
tive statistic has been used. The values that were not normally
distributed, have been transformed in natural logarithm. The sta-
tistical significance of differences between two sets of data was
assessed by two tiled t-test for unpaired data. A p value < 0.05
was regarded as statistically significant.

Results

We have identified and classified a total number of 608 MUPs;
the mean number of MUPs that we have recorded was 27.2 +
4.87 in splenius, 26.2 + 6.41 in trapezius and 18.5 + 9.71 in tri-
ceps. In six horses we could not detect any MUPs from triceps
because, in the standing position, this muscle did not evidence
a significant and recordable electrical activity.

In Table 1 are reported the data regarding the main characteris-
tics of motor unit action potentials of the three muscles under
study. Most of the MUPs were simple, in fact the polyphasic
MUPs were 9% + 6.2 for splenius, 4.8% * 5.6 for trapezius and
4% =+ 0 for triceps. In the splenius and trapezius the amplitude as
well as the duration of the MUPs were very homogeneous among
the animals, while the examination of area/amplitude ratio evi-
denced that about 50% of the horses draw from the mean. For
all the parameters that we had considered, the percentage of
MUPs out of the range was very low. The firing rate of active mo-
tor units was 4.75 Hz + 0.51 in splenius and 4.02 Hz + 0.43 in
trapezius, that are normal values for muscles at rest, when the
degree of MU activation is low. On the contrary, in the triceps we
have found a much higher firing rate, probably because the diffi-
culty of recording MUPs from this muscle at rest leads us to force
the horses to a much stronger muscular contraction.

The characteristics of duration and amplitude of the 608 MUPs,
evaluated from the splenius, trapezius and triceps muscles, are
reported in figg. 1-5. The duration values were normally distrib
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Table 1: Main characteristics of motor unit action potentials of the three muscle under study.
n T
SPLENUS i O e

horse n.MUP %Poli Ln Amp 2 125 Dur 2 125 ArAmp 2 +£25 Fr
1 24 8.0 241* 000 000 870 037 037 1.65* 110 037 540
2 37 5.0 2.55 110 037 786 037 - 0.00 1.51 074 = 074 456
3 26 15.0 2.60* 037 000 879 074 074 1.75* 184 037 430
4 19 0.0 243 000 000 779 000 000 1.45 074 000 436
5 23 9.0 2.58 110 000 750 0.00 0.0 1.11* 0.00 000 449
6 30 0.0 2.55 074 000 657+ 000 0.00 1.14* 037 000 524
7 28 14.0 2.50 000 000 813 110 0.0 1.38 037 037 506
8 26 15.0 2.59 074 037 865 037 037 1.41 0.74 037 387
9 29 17.0 257 037 037 85 074 0.00 1.20* 0.00 000 533
10 30 7.0 2.36* 037 000 803 000 000 1.35 000 000 49

TRapezs

horse n.MUP  %Poli LnAmp 2 25 Dur 2 +25 ArfAmp 2 25 Fr
1 25 40 2.63 000 o000 1114+ 191 076 1.91* 076 076. 428
2 43 0.0 2.52 038 0.00 734 038 038 1.13* 038 038 39
3 19 5.0 253 0.00 0.0 773 000 0.00 1.34 0.00 000 372
4 26 40 2.61 0.00 0.00 813 000 0.0 1.66* 038 038 367
5 24 4.0 2.52 115 076 676* 000 0.0 1.16* 000 000 313
6 26 8.0 2.53 0.00 0.00 845 0.00 0.00 1.44 038 038 443
7 25 0.0 2.54 0.00 0.00 819 038 0.00 1.8* 076 038 4.44
8 21 19.0 2.76* 191 115 842 076 0.76 1.15* 038 000 442
9 26 0.0 2.45" 038 000 638 038 0.00 1.24 000 000 387
10 27 40 262 000 000 647 000 0.00 1.19 038 038 431

r 0 n n

horse  nMUP  %Poli LnAmp 2 %25 Dur +2 25 ArdAmp 2 25 Fr
1 24 8.0 2.68 135 000 883 135 135 1.46* 135 0.00 567"
5 24 8.0 2.65 135 135 743 135 000 084 000 0.00 31.36*
7 4 0.0 213" 135 000 285 135 000 0.59* 0.00 000 1503
8 22 0.0 2.52 0.00 0.00 645* 000 0.00 1.10 000 000 1560

In fig. 4 A, B, C are reported the amplitude data, transformed into
natural logarithm, because the distribution of amplitude values
was not normal. We observed that these normalized data wete
equally distributed around mean values, such as 2.52 + 0.22in
splenius (Fig. 4 A), 2.56 + 0.21 in trapezius (Fig.. 4 B) and 2.59
+0.29 in triceps (Fig. 4 C).

For each muscle under study, we have plotted the values of
fogarithm of MUP ampfitude versus those of MUP duration, to

construct a two-dimensional graph, in which the two rectangular
areas represent the normal range of values (Fig. 5 AB, C). For
the computation of these areas, we have chosen a confidence
interval representing the mean + 2 S.D. or + 2.5 S.D. In these
graphs, the cross inside the cloud represents the barycentre of
the two variables. In our case, almost all the points, representing
the MUPs of the three muscle considered, fell inside the cloud,
making immediately clear that the muscles under study belonged
to healthy subjects.
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Fig. 1: in A: histogram of the duration of
the MUPs and in B: distribution of the
duration values of the MUPs of the splenius
muscle. The dashed lines indicate the
confidence intervals representing the mean
+2SD.ort25S8D.

Fig. 2: in A: histogram of the duration of
the MUPs and in B: distribution of the
duration values of the MUPs of the
frapezius muscle. The dashed lines indicate
the confidence intervals representing the
mean+23S.D.ort 2.5S.D.
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Fig. 3: in A: histogram of the durafion of
the MUPs and in B: distribution of the
duration values of the MUPs of the triceps
muscle. The dashed lines indicate the
confidence intervals representing the mean
+28D. or+258.D.

Fig. 4: Histogram of the amplitude of the
MUPs in the three muFscles under study.
The dashed lines indicate the confidence
intervals representing the mean + 2 S.D. or
+ 2.5 S.D. Ln: natural logarithm.
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Fig. 5: Two-dimensional graph representing the normal range of
duration and amplitude values for splenius (A), trapezius (B) and
triceps (C). The cross inside the cloud represents the barycentre
of the two variables. The dashed lines indicate the confidence
intervals representing the mean + 2 S.D. or + 2.5 S.D. Ln: natural
logarithm.

Discussion

The electrophysiology of the motor uniis may be studied with
various qualitative and quantitative EMG methods, using needle
electrodes. Although many electromyography laboratories are still
evaluating assess the traces subjectively, by viewing themon an
oscillocope screen and by listening to their sound on an audio
monitor [9].

Since 1950s, some authors have introduced a quantitative motor
unit potential analysis manually performed, that permits a detailed
measurement of the duration, amplitude and number of phases of

the MUPs; but this method is time consuming. Cur-
rently, in human medicine, single fibre EMG
(SFEMG), that

allows precise study of the microphysiology of the
motor units, is widely used [10]. SFEMG assesses
the muscle fibre membrane characteristics, propaga-
tion velocity, function, of individual motor end-plates
and organization of muscle fibre in the MU territory.
Unfortunately, this SFEMG technique is not suitable
for animal studies, because requires substantial sub-
ject cooperation.

In order to record activity from the entire motor unit, a
non selective technique (Macro EMG) has been
developed by Stalberg et al. in 1980 [5,6]. Macro
EMG, often used to assess the MU size, provides
information from the entire cross-sectional area of
the motor unit, representing the temporal and spatial
summation of each singular muscle fibre action
potentials (Cengiz et al,[9]. Recently Wijnberg et al.
have performed an offine and semiautomatic
analysis of the MUP in horses, using a variable
trigger line that selects signals above a certain
chosen amplitude {7}. The MUPs having a rise time
of less than 0.8 ms and occurring repeatedly at least
4 times are selected and analyzed manually. This
method is quite reliable and easy to use also in non-
cooperating animals.

In our study we have used a mult-MUP EMG
analysis, a method of decomposition analysis based
on template matching. The main advantages of multi-
MUP EMG analysis are: A) it is an online method that
permits the automatic extraction of more than one
MUP obtained from each recording site, and this
assures sampling from many different MUs; B) it is
faster to be used routinely; C) it does ot require
special electrodes; D) it is reproducible.

Nevertheless, this technique has also some
disadvantages. The software may accept only the
MUPs with the highest firing rate, and, due to the
weighted averaging of the MUPs, it is possible to
detect a certain degree of signal distortion, a
reduction of MUPs amplitude and a change of the
number of phases.

All the results measured in this study correspond to the normal
values observed in humans and, still to date, in horses [11;12].
The duration of the MUPs, evaluated from the initial take-off until
the return to baseline, ranges from 3 to 11 ms, with a mean value
of 7.45 ms, that cormesponds to normal values reported in litera-
ture. From the results we can also deduce that the duration is
positively comelated with' the percentage of polyphasic PUMs and
hence with the synchronicity of the discharge of the fibres. In
healthy muscles the proportion of polyphasic MUP varies from
one muscle to another; in our study, the mean of polyphasic
PUMSs in splenius is 9 %, in trapezius is 4.8% and in triceps is 4
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%, all percentages that are included in the range of normal val-
ues.

The amplitude is primarily determined by few fibres located near
the tip of the recording needle and it is affected by the number
and diameter of these fibres. The amplitude values, normally re-
ported in literature, range from several hundred microvolts to a
few millivolts; in our study, we have reported the normalized val-
ues of amplitude and we can observe that these data are equally
distributed around mean values, that is 2.52 in splenius, 2.56 in
trapezius and 2.59 in triceps.

In our study, the firing rate of active motor units is 4.75 Hz + 0.51
{S.D.) in splenius and 4.02 Hz + 0.43 (S.D.) in trapezius; these
are normal values for muscles at rest, when the degree of muscu-
lar fibres activation is low. On the contrary, in the triceps the fre-
quency is much higher (16.92 Hz + 10.65), probably because, at
rest, this muscle does not always discharge and an increasing
force of contraction is necessary.

All these parameters characterize the physical properties of the
MUPs, and they reflect morphological or physiological features
that change with neurogenic or myogenic pathology. Neurogenic
diseases are characterized by MUP which display high amplitude
and long duration, while myogenic diseases are characterized by
MUP with low amplitude and short duration. The Fig. 5 is particu-
larly useful to easily evidence some kind of pathology that can
occur in the MU of the muscle under study. In fact, when the plot-
ted points fall outside the normal cloud, it can be possible to dis-
criminate if the pathology is neurogenic or myogenic.

To conclude, our study provides normative MUP data, which can
be used for clinical diagnosis in patients with suspected myogenic
disorders, lower motor neuron disease or locomotion distur-
bances of unknown origin.
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Abstract

The isosaline stem-bark extract of Lantana camara was investigated for its biological activity in albino
rats of the Sprague-Dawley strain. Treatment of albino rats resulted in a significant reduction (p<0.05;
p<0.0l) in blood glucose, liver and kidney alanine aminotransferase and aspartate aminotransferase ac-
tivities, kidney alanine giucose 6-phosphatase and fructose 1,6-diphosphatase activities. While the
liver glycogen was comparable rats and the kidney glycogen was significantly reduced (p<0.05) in the
experimental rats. Also unaffected (p>0.05) by the treatment are the liver glucose 6-phosphatase and
fructose |,6-diphosphatase activities, serum urea, total proteins, total triglycerides, pyruvate, lactate
and cholesterol. The results suggest that the induced hypoglycaemia in the experimental rats probably
resulted from the depressed activities of the enzymes regulating gluconeogenesis known to prevent
hypoglycaemia. Since high insulin levels reduce the activities of these enzymes, it is being speculated
that hyperinsulinaemia or an inappropriate plasma insulin levels and reduced gluconeogenesis induced

by this extract may be responsible for the observed hypoglycaemia.

Introduction

Lantana camara (Labiatae), a cosmopolitan omamental plant,
grows throughout Tropical Africa. The plant bears orange or
bright red flowers with dark blue fruits. The leaves emit a charac-
teristic aroma and contain /antanine, a quinine-like alkaloid {1,2]
known to be toxic and exert antispamodic property [2]. Aside
from lantanine contained in the leaves, its seeds and leaves also
contain essential oils known to exert antiseptic effects [3]. The
fresh leaves also tested positive for the presence of saponins,
tannins and flavonoids [4].

In folklore medicine, the leaves of this plant are mixed with
Ocimum, banana leaf, Morinda lucida and other herbs are used
as a remedy for yellow fever. This mixture is also used as febri-
fuge and known to exert diaphoretic action [2,5,6].

Biochemical investigations into the anti-inflammatory property of
the whole plant and ethanolic extracts of its fresh leaves using a
cotton-pellet anti-inflammatory bioassay technique revealed an
inactivation of phosphatases and aminotransferases and stimula-
tion of adenosine triphosphatase activities in the plasma and
exudates of the experimental rats [4]. A survey of the literature
however, revealed a dearth of reports on the pharmacological
and biochemical effects elicited by this plant. We therefore de-
cided to probe into the other possible biochemical effects of the
isosaline stem-bark extract which could elicit an in vivo effects
other than the ones reported earlier. This paper, therefore, re-
ports the bioactivity of isosaline extract of the stem-bark of the
plant in albino rats.

Materials and Methods
Plant Material

The stem-bark of Lantana camara was collected during the
month of August at a location along lle-Ife-lbadan road, Osun
State, Nigeria. The plant was botanically identified and authenti-
cated by Dr. J. O. Faluyi of the Department of Botany, Obafemi
Awolowo University, lie-Ife, Nigeria. Specimens were air-dried at
25-27°C in the laboratory for two weeks and voucher specimens
were deposited at the Herbarium (IFE).

Preparation of Plant Material

The air-dried and powdered stem-bark (558g) was homogenized
and extracted by maceration in 250 ml 0.9% (wfv) NaCl solution
at 4C for 24 hours. The suspension was centrifuged at
5,000rpm for 20 minutes at room temperature after which the
filtrate obtained was lyophilized to obtain a greenish-brown solid
residue, which was reconstituted in 0.9% (w/v) NaCl solution to a
final concentration of 400mg/mi.

Animals

Ten healthy albino rats of the Sprague-Dawley strain of either sex

weighing between 120 and 200g were used. They were obtained -
from the Animal House Colony of the Department of Physiology,

Olabisi Onabanjo University {formerly Ogun State University),

Ago-lwoye, Nigeria. The animals were housed individually and

provided with a balanced diet and water ad libitum.
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Experimental Design

The animals were divided into two groups of five rats in each
each. The first group of animals was served as controls and
treated with the vehicle [0.9% (w/v) NaCl solution] at a dose of
Iml/kg body weight, while the animals'of the experimental group
were treated with the extract at a sub-lethal dose of 400mg/kg
body weight. The vehicle and the extracts were administered
intraperitoneally once daily for 2| days. At the end of experimen-
tation, rats were bled from the heart under anesthesia to remove
blood for sera preparation after which they were sacrificed and
their livers and kidneys removed and stored wet-frozen until they
were ready for use.

Preparation of Liver and Kidney Homogenates

Liver and kidney homogenates (5%) were prepared as described
by Olagunju et al. [7] except that post-mitochondrial supematants
were recovered by centrifugation at 10,000rpm for 25 minutes at
4°C in a Sorvall RC-2B Automated Refrigerated Centrifuge fitted
with S8-34 rotor. The supernatants were kept wet-frozen until
ready for use.

Phytochemical Screening

Tests for phytochemicals present in the extract were done ac-
cording to the standard procedures described by Sofowora [8].

Biochemical Assays

Biochemical assays were carried out on the serum, liver and
kidney of both the control and experimental rats. Serum urea,
total proteins, total triglycerides, lactate and cholesterol were
determined with the aid of Autoanalyzer (Hitachi Model), while
glucose of the whole blood was measured with One-Touch® Glu-
cometer. Serum pyruvate was determined by the method previ-
ously described by Friederman and Haugen [9].

The activities of liver and kidney alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were determined by the
method of Reitman and Frankel [10], while liver and kidney gly-
cogen were isolated by the method descrived by Seifter et al. (1]
and assayed using the procedure described by Jermyn [12].
Liver and kidney glucose 6-phosphatase activities were assayed
as described by Swanson [13], while fructose |,6-diphosphatase
assays were carried out according to the method of Pogell and
McGilvery [14]. Inorganic phosphate was determined by the
method of Fiske and SubbaRow [15], while supematant protein
assay was done according to the method of Lowry et al. [16].

Statistical Analysis

All data generated were expressed as Mean + SEM and ana-
lyzed statistically using the Student’s t-test (17]. All p values less
than 0.05 were considered statistically significant.

Results and Discussion

The extraction of a 558g sample of the ground stem-bark of Lan-
tana camara gave a yield of 22.7%. The product obtained was
reconstituted in normal saline and used for the study. Our choice
of the intraperitoneal route was aimed io obtain a quick biochemi-
cal response as delay may be experienced if the extract was
administered orally. Besides, digestion may have modified the
active principle extracted and the biochemical responses ob-
tained may not necessarily have been due to the extracted prin-
ciple but metabolite arising from its digestion.

The biological effects elicited by the isosaline stem-bark extract
of Lantana camara in experimental albino rats are presented in
Tables | and 2. No significant differences (p<0.05) were ob-
served in the mean serum urea, total protein, total triglycerides,
pyruvate, lactate and cholesterol in each of the two groups (i.e.
the experimental and the control). However, blood glucose in the
extract-treated rats decreased significantly (p<0.05) by 28.2%
when compared to the controls (Table I). The decrease in blood
glucose levels suggests that the induction of hypoglycaemia is
possibly mediated by the active principles present in the extract.
Phytochemical screening of the extract revealed the presence of
alkaloids, saponins, tannins and flavonoids.

Table I: Effects of Isosaline Stem-Bark Extract of Lantana
camara on Some Blood Parameters

Biochemical Variable Experimental  Control Rats
Rats
Serum Urea (mg/dl) 33.00+1.25 3528+048
Blood Glucose (mg/di) 55.60+7.47* 77.40£6.73
Serum Total Proteins (g/d) 6.10+0.07 6.29+ 016
Serum Total Triglycerides mg/dl)  53.42 + 1,57 54.57+1.17
Serum Pyruvate (mol/ml) 75.45 + .61 77.10+4.34
Serum Lactate (mg/di) 0.99 +0.01 0.99+0.02
Serum Cholesterol{mg/d!) 7759071 76.82+0.53

Each value represents Mean + SEM
*Significantly different from control at p<0.05

Liver alanine aminotransferase and aspartate aminotransferase
activities were significantly reduced (p<0.05) by 14.5% and
18.5%, respectively (Table 2). Liver glucose 6-phosphatase and
fructose 1,6-diphosphatase activities were, however, comparable
in the extract-reated rats and controls. in the kidney, both
alanine aminotransferase and aspartate aminotransferase activi-
ties were significantly reduced (p<0.05; p<0.01) by 15.6% and
33.5%, respectively. Kidney glucose 6-phosphatase and fructose
1,6-diphosphatase  activities were also significantly reduced
(p<0.05) by 19.7% and 21%, respectively. While the liver glyco-
gen remained unaffected in both the extract-treated rats and the
controls. The kidney glycogen was significantly increased
(p<0.05) by 27.1% in the extract-treated rats suggesting in-
creased glycogenesis in the kidney (Table 2). All these biochemi-
cal changes in the experimental rats were suspected to have
been induced by the extract.
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Table 2: Effects of Isosaline Stem-Bark Extract of Lantana
camara on Some Liver and Kidney Enzymes and Glycogen

Biochemical Variable Experi- Control
mental Rats
Rats
Liver Alanine Aminotransferase 3.12+029* 3.65+ 0.39
(U/mg Protein/min)
Liver Aspartate Aminotransferase 1.85£0.200 227+ 0.19
(U/mg Protein/min)
Liver Glucose 6-Phosphatase 0.123£0.01  0.120+ 0.01
(U/mg Protein/min})
Liver Fructose |,6-Diphosphatase 0.18010.01  0.184+0.01
(U/mg Protein/min)
Liver Glycogen (mg/l00g Wet Wt.) 282+ 061 279+0.58
Kidney Alanine Aminotransferase 3.36+0.44* 3.98+£0.20
(Uimg Protein/min)
Kidney Aspartate Aminotransferase 1.2310.18*  1.85+ 0.12
{(U/mg Protein/min}
Kidney Glucose 6-Phosphatase 049+002* 061002
(U/mg Protein/min)
Kidney Fructose 18-Diphosphatase 0.124+0.01* 0.157+0.01
(U/mg Protein/min})
Kidney Glycogen (mg/l00g Wet Wt.) 211+0.08* 1.66+0.11

Each value represents Mean + SEM of five rats
*Significantly different from control at p<0.05

It is a well-established fact that blood glucose concentration is
maintained within relatively narrow limits through a tightly con-
trolled balance between glucose production in the fed state and
utilization in fasting and post-absorptive states with the fiver play-
ing a central role in normal glucose homeostasis [18]. In addition
to the role of the liver in maintaining glucose homeostasis, the
interaction between insulin and glucagon also regulates blood
glucose concentrations in the fed and post-absorptive states with
insulin enhancing glucose storage by promoting gycogenesis,
lipogenesis and protein synthesis, and thus capable of inducing
hypoglycaemia, while glucagon functions primarily to prevent
hypoglycaemia by stimulating glycogenolysis and gluconeogene-
sis [19].

Drug-induced hypoglycaemia has been widely reported. Sul-
phonylurea drugs either singularly or in combination with other
drugs account for the majority of drug-induced hypoglycaemia in
diabetic patient [20]. Salicylate overdose has been associated
with hypoglycaemia in children while quinine has also been
shown to stimulate insulin secretion and its intravenous use in the
treatment of falciparum malaria has been associated with pro-
found hypoglycaemia [19]. The fact that a quinine-like alkaloid,
lantanine, had earlier been identified in Lantana camara [1,2]. it is
not unlikely that this substance or related ones may be present in
the extract which may be responsible for the hypoglycaemia in-
duced in the rat.

Various mechanisms have been proposed for drug-induced hy-
poglycaemia. Most commonly implicated is hyperinsulinaemia or
inappropriate plasma insulin levels due to non-clearance of insu-
fin from circulation [19,21,22]. Insulin is known to inhibit glu-
coneogenesis, a condition that is known to prevent hypoglycae-
mia. It is also well known that the aminotransferases, glucose 6-

phosphatase and fructose 1,6-diphosphatase are stimulated dur-
ing gluconeogenesis [18]. In the present study, key enzymes of
gluconeogenesis (i.e., alanine aminotransferase, aspartate ami-
notransferase, glucose 6-phosphatase and fructose 1,6-diphos-
phatase) were significantly reduced in the kidney. It is not unlikely
that some active principles in this extract may cause hyperinsu-
linaemia leading to the depressed activity of the enzymes regulat-
ing gluconeogenesis and hence, leading to hypogtycaemia.

Kidney glycogen in this study was also significantly increased in
the experimental rats. Insulin is also known to promote glyco-
genesis, while in the process can induce hypoglycaemia [19].
The increased insulin levels induced by the extract may probably
stimulate the significant increase in kidney glycogen. All these
observations indirectly tend to support the fact that hyperinsu-
linaemia or inappropriate plasma insulin levels may be responsi-
ble for the observed hypoglycaemia in the experimental rats.

The situation appears to be a little bit different in the liver. While
the activities of the key enzymes of gluconeogenesis were de-
pressed in the kidney, only the activities of the aminotransferases
were depressed by the extract in the liver. The activities of glu-
cose B-phosphatase and fructose 1,6-diphosphatase as well as
glycogen were not affected in the experimental rats (Table 2).
Since the liver is the major organ that regulates the level of blood
glucose through gluconeogenesis and glycogenolysis, it is there-
fore expected that the high insulin levels possibly induced by the
extract could possibly affect the liver more than any other organ
of the body. In the present study, while the activities of insulin-
regulated enzymes were reduced in the kidney, the enzymes
showed some resistance in the liver possibly in a way of resisting
hypoglycaemia induced by the exiract. The implication of these
observations is that the liver and the kidney enzymes may exhibit
differential sensitivities to insulin regulatory effect. The sparing
effect on the activities of the liver enzymes in preference to those
of the kidney may be a compensatory mechanism to oppose
what could lead to a more severe hypoglyceamia than presently
observed in the extract-treated rats. However, the reduction in
the activities of alanine aminotransferase and aspartate ami-
notransferase in the liver of the experimental rats possibly sug-
gests the impaired delivery of precursors of gluconeogenesis to
the gluconeogenic pathway, a pathway whose operation is impor-
tant in preventing hypoglycaemia.

The data obtained in the present study are therefore, consistent
with the fact that hyperinsulinaemia or inappropriate plasma insu-
lin levels may be responsible for the observed hypoglycaemia in
the experimental rats. It is possible that certain active principles
are present in the extract that induce an excess of insulin produc-
tion or prevent insulin clearance from the blood. Further studies
by way of measuring hormonal changes induced by the extract in
the treated rats will certainly elucidate the mechanism of induc-
tion of hypoglycaemia evident by the treatment with the extract of
Lantana camara.
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Abstract

The histopathologic and biochemical changes produced by chloroquine phosphate in the liver in
doses 3, 10 and 15mglkg over 30, 60 and 90 days in the albino (n = 10) and pigmented (22) rabbits
with mean weight value of 1.46 0.44kg and mean age value of 9.0 0.25 months were investigated in
the college of medicine, University of Nigeria, Enugu Campus, Enugu. Histology results showed
chloroquine - induced lesions in the liver. Mixed cells infiltration of the liver parenchyma, prolifera-
tion of the bile ducts, presence of ‘Ngokere’ inclusion bodies which were argyrophilic, sinusoidal
dilatation, haemorrhage and parenchymal cell degeneration were evident. On the otherhand, total se-
rum cholesterol levels showed statistically significant (P< 0.05) decreases at different periods of the
study. Acid phosphatase in the serum of both the kidney and liver tissues was also significantly ele-
vated (P< 0.05) at different periods of the study. The histologic findings in the present study were in
agreement with the biochemical observations. Chloroquine should be administered with circumspec-

tion in view of its toxic potential.

Introduction

Chloroquine (CHQ) has been widely used in man for the treat-
ment and suppression of malaria and for prolonged treatment of
chronic diseases such as rheumatoid arthritis, discoid lupus and
systemic lupus erythematosus [,2}. Malaria continues to repre-
sent a major public problem in tropical countries in terms of geo-
graphical spread, high mortality and severe morbidity, especially
among children. Two billion people, or about 40 percent of the
worlds population, flive in the 90 countries at risk [3]. Global esti-
mates of the malaria disease burden for 1992 indicated at least
300-500 million clinical cases were recorded annually, 90% of
them in sub-Saharan Africa.

The retinal changes described consist of impaired central vision,
peripheral constriction of the visual field, marked attenuation of
the retinal vasculature, pigmentary changes of the macula, peri-
pheral pigmentary and retinal edema [4]. Wetherholm and Winter
(5) described the retinal changes as a destructive loss of the rod
and cone elements with accumulation of pigment-laden cells in
the outer nuclear and plexiform layers, whereas Bemstein and
Ginsberg [6] have described it as a destruction of the rods and
cones and a migration of pigment clumps from the pigmented
epithelium to the inner nuclear layer. The first case of chronic
cardiac toxicity due to an antimalarial agent, chloroquine phos-
phate, was reported in 1971 and since then several cases of
heart failure, restrictive cardiomyopathy or atrioventricular block
have been ascribed to this family of drugs [7]. Although Histologic

studies were not performed in their patient, the clinical evidence
of toxicity, absence of underlying heart disease and fairly young
age of the patient pointed fo chloroquine toxicity. Recently nu-
merous cytoplasmic inclusions or “myeloid” bodies were ob-
served in all neurons and in the retinal ganglion cells of rats given
chloroquine 3 to 6 months. These bodies were identified as ly-
sosomal in origin by localization of acid phosphatase activity [8].
Such bodies have also been demonstrated in the liver cells fol-
lowing acute and chronic chloroguine administration [8,9]. In both
reports these bodies were aftributed to lysosomal autophagy.
Chloroguine has been known to cause an increase in phosphol-
ipid and a significant decrease in the activities of mitochondrial
inner membrane enzymes in the liver such as NADH dehydro-
genase, succinate dehydrogenase and cytochrome C Oxidase
[10]. Their results confirm drug-induced inhibition of mitochondrial
respiration, thereby impairing availability and utilization of energy.
Amodiaquine, an analogue of chloroquine has been found to
cause adverse side effects such as agranulocytosis and liver
damage and the observed drug toxicity is believed to be related
to the formation of an electrophilic metabolite, which can bind to
cellular macromolecules and initiate hypersensitivity reactions
(11

Plethora of literature on chloroquine ~induced histologic lesions
of organs and tissues exists, little information on its histologic and
biochemical effects on the liver warrants the present study. In the
current study, ascertaining the clinical observation, gross, bio-
chemical and light microscopic changes induced by chloroquine
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phosphate in rabbits was intended. The onset of toxicity and its
relationship with dose as well as the pattem of progression of
chloroquine- induced lesions with time was determined.

Materials and Methods

Animals

Thirty-two specific — pathogen free (SPF) rabbits each approxi-
mately 9 months of age, 22 pigmented and 10 albino were
bought from the veterinary house, Ogbete, Enugu, Nigeria and
kept in the animal house of the college of Medicine, University of
Nigeria, Enugu Campus for 4 weeks for acclimatization. They
were housed in bottom — wired stainless metal cages and were
allowed food and tap water ad libitum. Individual identification of
the animals was by metal ear tags. Rooms were well ventilated
and constantly maintained at room temperature. The Pfizer
Pharmaceutical company Ltd., Nigeria supplied drugs used in this
study.

Experimental Design

The experimental animals were divided into 4 groups comprising
8 sex-matched rabbits in each of the 4 groups. Those in groups
1, 2, and 3 constituted the test groups, whereas the 4% group
acted as the control. The animals in group 1 were given doses of
chloroquine 5mg/kg daily. The animals in group 2 received 10mg/
kg (twice the dose). While the 3™ group received 15mg/kg (thrice
the dose), all given intraperitoneatly dose daily for a period of 90
days. The 4t group received equal volume of normal saline daily.

Experimental Procedure

The rabbits were weighed fortnightly and the weights recorded.
Blood samples were taken from the marginal ear vein for enzyme
and cholesterol parameters prior to drug administration. Thereaf-
ter, similar samples were collected at days 30, 60, and 90. Blood
samples collected prior to drug administration produced enzyme
and cholesterol values which represented the baseline value.
Two animals from each of the test groups and two from the con-
trol group were painlessly sacrificed after 30, 60 and 90 days. All
the rabbits were still living when the study terminated and were
anaesthetized by intraperitoneal injection of sodium thiopentane
and were exsanguinated. Necropsies were performed immedi-
ately. Representative samples of the liver were fixed promptly in
10% neutral formal saline, histologically processed, embedded in
paraffin wax, sectioned at 5y thick using Rotary microtome and
stained by both Haematoxylin and Eosin (H&E) (12) and Gordon
and Sweet (13) techniques respectively.

Statistical Analysis

The results were expressed as mean + SEM and significance of
differences between control and treated as well as before and
following treatment for enzyme and serum cholesterol parame-
ters were determined using paired student

t-test and one-way analysis of variance (ANOVA). Statistical sig-
nificance was set at P< 0.05.

Sample Collection

Whole blood samples were collected for serum cholestero! and
kidney and liver acid phosphatase estimation in plain test tubes.
The animals were fasted overight before collecting blood sam-
ples for serum cholesterol estimation.

Biochemical Analysis

The method used for the estimation of serum cholesterol was
according to Zak and his colleagues [14]. The method of Gutman
and Gutman [15] was used in the estimation of non-prostatic acid
phosphatase in the serum.

Resuits
Clinical Observation

Clinical changes were observed in all the animals receiving
chloroquine phosphate. The most consistent clinical findings
were sluggishness, depressed appetite, especially in group 3,
and poor general appearance. Group 1 received chloroguine
phosphate in the amount of 5mg/kg with no apparent ill effect.
Two animals in this group lost weight after the first 2weeks of the
drug administration. The rest of the animatls also maintained con-
sistent slight weight loss till sacrifice. Overall, all the animals ex-
cept those mentioned above, had slight weight losses during the
treatment period. On the first day of chloroquine administration,
one gravid rabbit in group 2 spontaneously aborted one fetus 3
hours later, whereas on the 9t day of treatment, 2 of 8 animals
aborted in group 3.

The obvious clinical changes in the rabbits in the groups were
mild dermatitis which affected more of the albino rabbits than the
pigmented and hyperpigmentation of the faces. Onset of dermati-
tis was at day 65 and involved entire body which was found dry
and scurfy with prominent loss of hair in most albinos and in
some of the pigmented on which bleaching of hair was atso ob-
served. All the rabbits in all the groups survived the treatment
regimen and generally experienced slight weight losses and
some losses throughout the test period. The rabbits in the control
group appeared in excellent health condition throughout the pe-
riod of study.

Gross Pathology

Multiple haemorhages were seen in the heart, lungs and in the
stomach. These observations were especially noted in the ani-
mals in groups 2 and 3 particularly. Alopecia, dermatitis and hy-
perpigementation occurred in the rabbits in alt the groups. Bullae
were observed on the abdominal regions of the animals in all the
study groups particularly 2 and 3. After some days the bullae
were observed to have ruptured and the site ulcerated. Shortly
after, the ulcers healed with scar tissue formation. At necropsy,
all the animals in groups 2 and 3 showed ulcerated mucosa of
the stomach with no overt macroscopic haemorhage. Liver of the
animals in group 3 showed yellowish discoloration. Kidney
showed cortical depressions and slight shrunkenness in some
instances.
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Histopathology and Histochemistry

Light microscopy of the liver section showed periportal fibrosis
with mononuclear infiltration and architectural disorganization in
all the treated groups. There was obvious and frank centrolobular
necrosis in liver of all the animals in the test groups. All liver ne-

cropsy sections of the animals showed sinusoldal dilatation with -

parenchymal infiltration of mononuclear cells suggestive of reac-
tive hepatitis.

Histochemical demonstration of the tissue by Gordon and Sweets
revealed total architectural loss of the liver reticular framework.
This finding was indicative of severe liver damage as shown in
Fig. I. Interestingly but surprisingly 2 of 18 sacrificed rabbits re-
vealed well circumscribed solitary structure. This stucture,
stained by Haematoxylin and Eosin (H&E) and Gordon and
Sweets respectively showed thick fibrous band heavily perme-
ated with. chronic inflammatory infilfrates as shown in Figures 2a
and 2b. In the center of the ovoid structure were found numerous
eosinophilic membranous oval-shaped or round laminated or
whorled bodies. Similar bodies were also found at various loca-
tions within the fibrous band and were aiso argyrophilic. The bod-
ies were not found within the cytoplasm of hepatic cells but
rather, perhaps, fused and found in the parenchyma of the rab-
bits liver administrated 10mg/kg chloroquine in the first 30 days of
the study. Identical bodies called membranous cytoplasmic bod-

ies or “myeloid” bodies were usually found in the cytoplasm of.
hepatic cells and other tissues in chloroquine- administrated ani-
mals. Since this finding was made outside the cytoplasm of hepa-
tocytes, it should be distinguished from the well-documented
bodies by being called “Ngokere™ bodies, since, in this study, the
bodies were found at 5y thick, unlike the ‘myelin” figures found at
ultrathin sections of 1y or at electron microscopic level. The liver
necropsies of both the 10mg and 15mg/kg treated groups
showed proliferation of the bile ducts, intraportal fibrosclerosis,
haemorrhage and parenchymal cell degeneration.

Biochemical Findings

Table 1 shows the serum cholesterol profile of baseline and test
mean values at 5, 10, and 15mg/kg doses. Accordingly, the base-
line and test mean values at 5Smg/kg dose were 2.46+ 0.09, and
144 + 0.07, 10.3 + 0.08 and 1.03+ 0.05 at days 30, 60 and 90
respectively. Although the analysis of variance (ANOVA) was not
statistically significant at P = 0.0909, there were statistically sig-
nificant decreases of test over the baseline mean value at P<
0.0001, P < 0.001 and P< 0.0001 at days 30, 60 and 90 respec-
tively. This resuit showed that 5Smg/kg chloroguine administration
produced statistically significant decrease in serum cholesterol
level over the period of study and this falt in level was dose and
not time dependent.

Table 1: Mean (Mean + SEM) Values of serum cholesterol (MMOL/L).

group Baseline day 30 Pvalue Day 60 P value Day 90 P value ANOVA
1. 246+ 0.09 1.44+0.07 P<0.0001 1.03+0.08 P<0.0001 1.03+0.05 P<0.0001 P=0.09
2. 3261043 196+019. P=00141 1422020 P=0.0057 075+0.06 P=0.0023 P=0.03
3. 25012 1.38+0.10 P=0.0001. 0.95+0.11 P=0.0001 0.73+0.11 P=0.0001 P=0.005
4, 271012 27011 262005 273+0.09 - -
*P<0.05 Considered Significant

Table 2: Mean (Mean + SEM) Values of Non Prostatic Phosphatase (IU/L)
Group Baseline day 30 P value Day 60 P value Day 90 Pvalue  ANOVA
1. 525+ 014 761077 P=0.0088 8.85+0.94 P=0.009 8.05£0.14 P=0.0006 P=0.38
2 4491024 761067 P=00007 96311414 P=0.0003 12.23+093 P=0.0001 P=0.15
3. 4491019  598+0.14 P <0.0001 9.52+0.70 P<0.0001 10.98+0.76 P<0.0001 * P<0.0001
4, 474x0.11 471£0.11 - 4.83+0.12 - 4.85+0.10

*P<0.05 Considered Significant

The baseline and test mean values were 3.26+ 0.43 and 1.96 +
0.19, 1.42 + 0.20 and 0.75 + 0.06 at days 30, 60 and 90 respec-
tively which showed statistically significant decreases over the
baseline at P = 0.0141, P = 0.0057 and P = 0.0023 respectively
in the 10mg/kg dose category. The ANOVA was statistically sig-
nificant at P = 0.0253. These results showed that the 10mg/kg

dose induced a significant fall in serum cholesterol level which
was both dose and time dependent over the period of study.

The table also represents the baseline and test mean values
which were 2.5+ 0.12, and 1.38+ 0.10, 0.95+ 0.11, and 0.73 *
0.11 at dose 15mg/kg. This result showed that there were statis-
tically significant decreases in serum cholesterol levels at P =
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Fig. I represents liver necropsy sections from all the dose regimen [/ 2b: Shows liver necropsy section from the 10mg/kg dosed
which revealed total architectural derangement of reticular frame- ~ ™abbit at day 30 displaying similar features as in Fig. 2a but are
work of the parenchyma. This lesion is suggestive of liver damage. ~ @/9yrophilic. Stained by Gordon & Sweets’ silver impregnation
Stained by Gordon & Sweets method. X 100. technique. X. 100

Fig. 3a: Figure represents liver necropsy section of the untreated

o . rabbits showing normal architecture. Stained by H & E technique. X
Fig. 2a: shows liver necropsy section displaying the “Ngokere” inclu- 100

sion bodies circumscribed by thick fibrous band heavily infil-
trated by mononuclear cells. Similar bodies are also dis-
cemible at different sites within the fibrous band. Stained by
H & E technique. X 100.

0.0001, P = 0.0001 and P= 0.0001 at days 30, 60 and 90 respec-
tively. The ANOVA was significant at P= 0.0052. In all, the result

has shown that 15mg/kg dose of CHQ produced a very signifi- Fig. 3b: Figure represents liver section from the control rabbit show-

cant decrease in serum cholesterol level over the period of study ing normal architecture of simusoidal reticulin meshwork. Stained by
and were both dose and time dependent. Gordon & Sweets technigue. X 100.
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Fig. 1: Mean values of Serum Cholesterol
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Table 2 reflects the non prostatic acid phosphatase profile of
5mg, 10mg and 15mg/kg doses of CHQ administration. The
baseline value was 5.25+ 0.14, and at dose 5Smg/kg the test
mean values were 7.6+ 0.77, 8.85+ 0.94 and 8.05 + 0.14 LU/L at
days 30, 60 and 90 respectively. This showed statistically signify-
cant increases over the baseline at P = 0.0088, P = 0.009 and P
= 0.0006 respectively. However, the ANOVA was statistically not
significant at P = 0.3768 which showed that 5mg/kg dose pro-
duced a stafistically significant elevation in acid phosphatase
level in circulation which was dose but not duration dependent
The table also shows the baseline and test mean values at
10mg/kg dose of CHQ were 4.49+ (.24 and 7.61 + 0.67, 9.63
1.14 and 12.23 + 0.93 .U/ at days 30, 60 and 90 respectively.
These results showed that there were statistically significant in-
creases in serum acid phosphatase levels at P = 0.0007, p =
0.0003 and P <0.0001 at the different periods of the study.

The ANOVA was at P = 0.1459. This showed that the rise in non-
prostatic acid phosphatase level was only dose and not time
dependent.

The table also displays the acid phosphatase profile at 15mg/kg
dose over the period of study. The baseline and test mean values

were 449 1 0.19, and 5.89 + 0.14, 9.52 + 0.70 and 10.98 + 0.76
at days 30, 60 and 90 respectively. It was observed that this dose
produced statistically significant increases in mean values of test
over the baseline at P < 0.0001, P < 0.0001 and P < 0.0001 at
the different periods of study. '

The ANOVA stood at P < 0.0001. These results indicate that the
rise in acid phosphatase level at 15mg/kg dose was both dose
and time dependent.

Discussion

In view of the prevalence of the diseases such as rheumatoid
arthritis, systemic lupus erythematosus and liver amoebiasis in
this part of Nigeria, we decided to administer the dose regimen to
the experimental animals as shown in the cument study. Since
the treatment of these diseases, aside from malaria, lasts for a
long period of time we also decided to undertake a chronic study
to determine the cumulative toxic effect of chloroquine in the liver
of rabbits. However, our treatment regimen is in conformity with
that of Witkinson and his colleague [15].

It has been the general impression that chloroquine (CHQ)
toxicity was limited to retinopathy and cardiomyopathy
following our observation and little experience of chloro-
quine effects over the years. The current study has shown
that chloroquine administered in doses of 5, 10 15mg/kg
daily over 90 days caused hepatic damage, nerosis, mono-
nuclear cell infiltration of the liver parenchyma, haemor-
rhage as well as periporta! fibrosis and disorganization of
the architecture at this area. Ovoid bodies limited by fi-
brous band heavily infiltrated by chronic inflammatory
cells and containing varied membranous structures without
obvious nuclear or any other substance and which proved
to be argyrophilic were discerned. Previously “myeloid” or
“membranous cytoplasmic bodies” had been identified in
the liver of rats fed chloroquine [9]. In their case, these
inclusion bodies were identified at 1p ultrathin or electron
microscopic levels in the cytoplasm of the hepatocytes but
in our series, the “Ngokere” bodies so named because not
only were they identified by silver impregnation method at
5pm section thick level but they were also seen outside the
cell cytoplasm and were diffusely distributed in hepatic
parenchyma. These findings suggest an increase in the syn-
thesis of lysosomes and increase in their autophagic activ-
ity, but the persistence and continual accumulation of these
membranous structures indicates that digestion was partial
and incomplete at best. Formation of new lysosomes does
appear to be a primary feature of chloroquine toxic effect.
Whether alteration of organelle membranes was due to the
attered lysosomal activity or whether the increase in ly-
sosomal autophagy was a response to changes in organelle
membranes is still open to speculation. That membranous
organelles were damaged and contributed to the formation
of the membranous inclusions was supported by the obser-
vation that the location of the inclusions was most consis-
tently related to areas within the cell. Present knowledge
indicates that CHQ toxic effect produces a widespread
membrane alteration, which is probably associated with
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abnormmal or increased lysosomal activity. The basic cyto-
plasmic lesion probably results from widely distributed
cellular injury in chloroquine toxicity. The origin of these
“Ngokere” inclusion bodies, their significance in relation
to cell function, and the basic biochemical pathogenesis of
this lesion are presently the subject of further investigation.

The current investigation has also demonstrated that CHQ ad-
ministration at both 5,10, and 15mg/kg doses induced statistically
significant decrease in serum cholesterol levels of the liver and
kidney respectively. The fall in serum cholesterol levels, in this
case, was dose dependent and time dependent from 10mg/kg up
to 15mg/kg dose. Numerous population studies have linked ele-
vated concentration of total cholesterol or Low-density lipoprotein

(LDL)- cholesterol in serum with inceased incidence of athero-

sclerotic events [16,17].

It has been further shown that the clinical complications of
atherosclerosis could be diminished and life prolonged when
plasma lipids are lowered by hypocholesterolemic agents [18,19,
20]. Many drugs with proven hypocholesterolemic activity are
available clinically to ameliorate cases of individuals with prema-
ture arterosclerosis and those with other risk factors such as
hypertension or diabetes mellitus [21]. The present work has
shown that CHQ administration caused marked elevation of acid
phosphatase level at different periods of the study. This bio-
chemical finding is strongly reinforced by the histologic finding of
the presence of “Ngokere” bodies which are also inclusion bodies
due to hepatic lysosomal damage associated with increased acid
phosphatase production. It was also observed that acid phospha-
tase increases were only dose dependent for the first 60 days,
whereas it became both dose and duration dependent at 15mg/
kg dose of administration of chloroguine.

The plausible explanation for the significant decrease in serum
cholesterol and increase in acid phosphatase levels can be de-
rived from the works of Filkins [22] and Stein et al [23)]. Filkins
observed that CHQ administered intraperitoneally (IP) to 300+
20g rats was at doses of 1, 5, 10, 15 and 25mg/kg elicited mod-
erate to marked lysosomal activities of acid f3- glycerophospha-
tase in either liver homogenates or large granule fraction
(autophogy). In another study, Stein et al noted rapid disappear-
ance of cholesterol ester- labeled human very low density liprpro-
tein (VLDL), enriched with cholesterol ester by preincubation with
unlabeled erythrocytes was also cleared from circulation at rapid
rate. In their view, cholesterol ester labeled VLDL seemed more
appropriate to evaluate the effect of CHQ on the hydrolysis of the
lipid portion of VLDL remnants. Their findings indicate that acid
phosphatase participates in the degradation of VLDL cholesterol
ester. It was further explained that the different degree of inhibi-
tion of degradation of various lipoproteins obtained in the pres-
ence of high concentrations of CHQ suggests that other capthep-
sins, which are not inhibited by CHQ, participate also in the ca-
tabolism of these lipoproteins. Accordingly, cathepsin has been
shown to degrade dog high-density lipoprotein (HDL), and since
this enzyme is not inhibited by CHQ, it seems it might have parti-
cipated also in the degradation of lipoproteins containing apolipo-
protein Al. Histologically, it was observed, in this series, that sil-
ver impregnation of the liver necropsy sections showed reticulin

fibres with architectural derangement. This finding is indicative of
liver damage and a significant increase in serum cholesterol lev-
els would have been expected, but for the lysosomal membrane
destruction induced by CHQ administration, which produced ele-
vated levels of acid phosphatase which, on the otherhand,
caused the degradation of cholesterol ester and VLDL to produce
a significant fall in cholesterol in systemic circulation in the rab-
bits.

Our finding suggests that CHQ therapy could be useful in
artherosclerosis treatment but its overall toxicity constitutes a
source of worry.
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Abstract

Hypersensitivity pneumonitis associated with Thermophilic actinoimycetes in the agro -industrial work-
ers was investigated. Our objective was to detect precipitin reaction and estimation of specific IgG
antibodies in the sera of exposed agro-mill workers, using antigens of clinically important Thermophilic
actinomycetes.

Preparation of culture filtrate antigens of Thermoactinomyces vulgaris, T. thalpophilus, T. sacchari
Saccaropolyspora viridis and S. rectivirgula. Antigens were purified by ammonium sulphate precipita-
tion and gel filtration on sephadex G200. Blood samples were collected from workers of cotton spin-
ning and sugar mill located in Northern India. The precipitation antibodies in the sera of workers were
detected by double immunodiffusion (DID) test and 1gG antibodies were estimated by ELISA.

Workers showing symptoms of Hypersensitivity pneumonitis (HP) as well as asymptomatic, showed
maximum precipitin positive against S. rectivirgula antigen in the sera of cotton spinning mill workers,
followed by T. thalpophilus and T. vulgaris. Whereas, T. sacchari antigen yielded higher number of pre-
cipitin positive in the sera of sugar mill workers. All the symptomatic sera showed high ELISA mean
absorbance value for IgG antibodies against respective test antigens. The ELISA absorbance value var-
ied from subject to subject and significantly higher values were found in the sera of precipitin positive
symptomatic and asymptomatic subjects as compared to their respective precipitin negative and unex-
posed heaithy control subject’s sear (P<0.05).

ELISA is more sensitive and rapid assay as compared to DID, where elevated igG antibodies level in the
sera of workers exposed to bioallergens could be detected and help in monitoring hypersensitivity pa-
tients. The exposed workers can be suggested for the protective measures by the clinician before aller-

gic reactions could damage their lungs.
Introduction

The occupational lung disease has been a challenge over the past
few decades. It mainly present as asthma, bronchitis and other forms
of lungs allergic reactions and is believed that agro-based industries
harbour different types of microorganism[1,2] and organic allergens(3]
which causes hypersensitivity pneumonitis (HP). One such example
is Bagassosis which results from prolonged inhalation of dried sugar-
cane fiber dust (bagasse) which harbour actinomycetes[4}. In a simi-
lar study themophilic actinomycetes (TAS}) causing HP have also
been recovered from cotton mill environment by Lockwood and Att-
well [5]. The aerial prevalence of thermophilic actinomycetes like T.
vulgans, S. rectivirgula and S. viridis has also been reported to occur
in cotton mili [6,7,8] and earlier also it was found in different sections

of cotton spinning mill located in district of U.P., India. Chronic expo-
sure leads to intensive imeversible lung damage [9]. The diagnosis of
the allergic response depends on the demonstration of precipitating
antibodies to one or more TAS which are easily detected by double
immunodiffusion (DID) test [10] or ELISA (Bouretal [11,12]. The clini-
cal symptoms appear to be comelated with the level of antibodies,
which may lead to permanent fibrosis of the lungs and imeversible
lung damage [13].

In this study, we used the double immunodiffusion (DID) test and
highly sensitive ELISA to determine the level of antibody in the sera
of cotton spinning mill and sugar mill workers exposed to bioaller-
gens. A comparison of a simple, sensitive and inexpensive ELISA
capable of detecting low level of antibody to a panel of TAS was also
made with the classic DID.
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Materials and Methods

I. Preparation of antigens

The standard strains of S. rectivigula (MTCC1547), T. wulgaris
(MTCC 1757) and T..thalpophilus (A64) were grown in tryptic soya
broth, whereas T. sacchan (MTCC 1753) was grown in malt yeast
extract broth and were incubated at 50°C for two weeks [14].

. Production of hyperimmune sera

Ill. Subject and Sera

On the basis of history, symptoms, examination and investiga-
tions the sera from subjects and volunteers was collected. Sera
was harvested and stored with 1% merthiolate solution at 4°C.

iV. Double immunodiffusion (DID) test (Khan et al [15]

V. Enzyme linked Immunosorbent Assay (ELISA) as sug-
gested by Fasani et al [16]

Results

Clinically important TAs prevalent aerially in cotton spinning mill,
Hardoi and Saatha sugar mill, Aligarh were surveyed to find out
their effect on the workers exposed to these bioallergens. The
workers (115) were examined for the symptoms, on the basis of
which HP can be recognized (Table 1). The cofton spinning mill
workers showed cough with expectoration, wheezing dysnoea
and loss of appetite and weight. Whereas, 43.6% of sugar mill
subjects .showed dry cough, 34.5% wheezing dyspnoea and
25.5% malaise. However, chill with fever, chest tightness and
chest pains were less frequent in the workers of both the mills.
Precipitin reactions against selected TAs in the sera of smoker
and non-smoker of two mills is presented in Table 2.

Majority of the symptomatic subjects of cotton spinning mill were
precipitin positive in the age group of 26-35 years including 23%

smokers and 29.4% non-smokers. However, three non-smokers
were precipitin positive among asymptomatic subjects as well. No
precipitin positive case was detected among asymptomatic
smokers. The sera of sugar mill symptomatic subjects (26-35
years) were more precipitin positive (>30%) in both smokers and
non-smokers as compared to other age groups. Of the thirty-
three sera of asymptomatic subjects (26-37y), 21% were precipi-
tin positive among non-smokers. In general, the subjects above
35 years of age were less precipitin positive. Further the double
immunodiffusion test was employed using the antigens prepared
from S. rectivirgula, T. thalpophilus, T. vulagris and T. sacchari to
detect the precipitin reactions in the sera of workers exposed to
mill environment. Precipitin reactions varied from organism to
organism (Table 3). S. rectivirgula was more precipitin positive
among both symptomatic (30%) and asymptomatic subjects
(10%) followed by T. thalpophilus (16.6) and T. vulgaris (6.6%)
among cotton mill workers. However, all the sera were precipitin
negative against T. sacchari. One of the symptomatic subject
{16-25y) serum was precipitin positive for both S. rectivirgula and
T. vulgaris. Similarly, one of the serum coflected from sympto-
matic sugar mill workers (26-35) was precipitin positive against
both S. rectivirgula and T. thalpophilus. The sera sample of 22
symptomatic workers showed maximum precipitin reactions
against T. sacchari followed by S. rectivirgula, T. thalpophilus,
and least number of subjects of sugar mill were precipitin positive
against T. vulgaris.

Determination of Inmunoglobulin G using ELISA

Specific IgG antibodies in the sera of cotton spinning mill and
sugar mill workers were detected using indirect ELISA. A com-
parative data of precipitin positive and ELISA values (mean
0D/SD) for IgG determination in the sera of workers of both the
mills is presented in Table 4. Of the 60 cotton mills workers, 9
precipitin positive of symptomatic sera against S. rectivirgula
antigen were ELISA positive. Interestingly, of the 21 precipitin
negative subjects, 3 were ELISA positive. The sera of five symp-
tomatic subjects were also positive for both precipitin and ELISA
reaction (0.036/0.13) against T. thalpophilus antigen.

Table 1: Clinical symptoms among cotton spinning mill (n=60) and sugar mill workers (n=55)

Symptoms No. of cases studies Symptoms (%)
Cotton mill Sugar mill Cotton mill Sugar mill

Dry cough 20 24 333 4386
Cough with expectorations 32 10 53.3 18.2
Wheezing 46 19 76.7 345
Chill with fever 12 5 20 9.1
Dyspnoea 20 19 333 345
Malaise 10 14 16.7 255
Chest pain 2 0 3.33

Chest tightness 7 5 17 9.1
Lost of appetite and weight 28 12 46.7 218
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Table 2: Distribution of precipitin reaction against Thermophilic actinomycetes in the sera of smoker
and non-smoker of cotton spinning mill and sugar mill workers (n=115)

Category Precipitin positive cases

Age group (Years)  Smokers Non-smokers

Cotton spinning mill

Symptomatic 16-25 0/5 315 (17.6)
26-35 3/6 (23.7) (5/829.41)
48-52 2/2 (15.4) 2/4 (11.7)

Asymptomatic 13-25 0/4 2/2(11.1)
26-35 0/8 1112 (55.5)
36-50 0 0/4

Totat 5/25 (20) 13/35 (37.1)

Sugar mill

Symptomatic 20-25 1/3(11.1) 3/5(23.1)
26-35 3/6 (33.3) 5/6 (38.5)
37-48 0 22 (15.3)

Asymptomatic 16-25 217 (14.2) 37 (15.7)
26-37 115 (7.1) 4/8 (21.0)

Total 40-50 0/2 0/4

7/23(30.4) 17/32 (53.1)

Figure in parenthesis represents the percent precipitin reactions against Thermophilic actinomycetes.

Table 3: Antibody activity in the sera of cotton and sugar mill workers exposed to
Thermophilic actinomycetes as detected by DID

Category No. of Workers tested Precipitin positive
Age group (years)
Sr Tt Tv Ts
Cotton mill workers
Symptomatic 10 16-25 2 1 1 0
14 26-35 5 2 1 0
6 45-52 2 2 0 0
Total 30 9 5 2 0
(30) (16.6) (6.6)
Asymptomatic 10 13-25 2 0 0 0
17 26-35 1 0 0 0
3 4648 0 0 0 0
Total 30 ’ 3

—
—
(=)

el

Sugar mill workers

Symptomatic 8 2025 1 0 1 2
12 26-35 2 1 0 5
2 3748 1 1 0 0
Total 4 2 1 7
(28.5) (14) (7.1) (50)
Asymptomatic 14 1525 0 2 2 1
13 26.37 3 0 0 2
6 4050 0 0 0 0
Total 3 2 2 3
© (6) 6) ©)
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Table 4: Detection of antibodies in the sera of cotton mill workers (n=60) and Sugar mill workers

Species Symptomatic Asymptomatic Control
Precipitin +ve Precipitin —ve Precipitin +ve Precipitin —ve Subject

Cotton mill workers

S. rectivirgula 9 21 3 37 10

ELISA values {0.35/0.07) (0.19/0.08) 0.34/0.03) (0.15/0.07) 0.11/0.047)

ELISA positive 9 3 3 3

T. thalpophilus 5 25 0 30 10

ELISA values (0.36/0.12) (0.14/0.06) (0.14/0.07) (0.08/0.047)

ELISA positive 5 2 3

T sacchari 0 30 0 30 10

ELISA values (0.115/0.36) (0.104/0.019) {0.89/0.025)

ELISA positive 0 0 0 0

T. vulgaris 2 28 0 30 10

ELISA values (0.499/0.025) (0.14/0.067) (0.14/0.038) (0.94/0.03)

ELISA positive 2 2 0 0

Sugar mifl workers

T thalpophilus 2 20 2 31 10

ELISA values (0.47/0.13) {0.162/0.046) {0.338/0.076) (0.15/0.062) (0.08/0.046)

ELISA positive 2 0 2 0

T. wulganis 3 19 2 K 10

ELISA values (0.459/0.89) (0.131/0.037) (0.452/0.053) (0.113/0.035) (0.094/0.055)

ELISA positive 3 0 2 0 :

S. rectivirgula 4 8 3 30 10

ELISA values (0.458/0.056) (0.221/0.11) (0.452/0.0412) (0.19/0.096) (0.157/0.039)

ELISA positive 4 5 3 6

T. sacchari 7 1 3 30 10

ELISA values (0.447/0.109) (0.295/0.081) {0.408/0.013) (0.22/0.075) (0.152/0.04)

ELISA positive 7 3 3 4

(n=55) using DID and ELISA (mean + S.D., DD at 492)

The sera samples of two symptomatic workers were precipitin Discussion

and ELISA positive against T. vulgaris antigen, 2 out of 28 pre-
cipiin negative sera were also ELISA positive. The antigen of T.
sacchari did not react in precipitin test to any of the subject's sera
of cotton spinning mill.

The sera of sugar mill workers were also tested for IgG antibod-
ies using ELISA test. Of the 55 sugar mill workers, T. sacchari
antigens exhibited both precipitin and ELISA positive reactions in
the sera of 7 symptomatic and 3 asymptomatic subjects (Table
4). Whereas, among the 15 precipitin negative symptomatic
group, 3 were ELISA positive and among 30 asymptomatic sera,
4 were ELISA positive. The ELISA mean absorbance values
against S. rectivirgula antigen were higher in the precipitin posi-
tive sera of symptomatic (0.45/ 0.056) and asymptomtaic sera
(0.45/0.41) as compared to their respective precipitin negative
sera and healthy control group. The precipitin negative sera were
also ELISA negative against the antigen of T. thalpophilus. Two
symptomatic cases were positive for precipitin and ELISA reac-
tions against T. vulgaris. The ELISA absorbance values varied
from subject to subject and the sensitivity was subjects depend-
ent. The mean absorbance value of ELISA in the sera of symp-
tomatic and asymptomatic precipitin positive against 4 selected
antigens of thermophilic actinomycetes were found to be signifi-
cantly higher than respective precipitin negative subject or the
unexposed healthy control (P<0.05).

The agro-based industries are continuously polluting the envi-
ronment through transportation of the agro-products which con-
tain airborne microflora [9]. In the present study, the allergic res-
piratory response or symptoms of HP among the workers of the
two agro-based mills were surveyed. The subjects showing few
or more of the respiratory symptoms were selected for further
serological studies. Most of the cotton spinning mill workers re-
ported cough with expectoration, wheezing, dyspnoea, where as
dry cough and wheezing were frequent among sugar mill workers
after a few hours of re-exposure to the mill environment. Similar
symptoms of acute HP have also been observed by Moreno et al.
[17]. The farming populations of Western Austria also had chills
with fevers, chest pain and dyspnoea, 4-6 hours after working in
the farms [18]. It is suggested that the HP should be detected
earlier before it reaches the irreversible diffuse interstitial lung
fibrosis and respiratory insufficiency, which may lead to cardiac
failure [9]. In our study, the most common sensitizing agents
noted were air bome actinomycetes prevalent in the environment
of the cotton and sugar mill as reported earlier [7,8]. Similarly,
Reponen et al [19] have also reported the prevalence of spores
of actinomycetes in the agro-environment. Further, the sera of
the subjects were analysed for the presence of precipitating anti-
bodies against the aerially prevalent TAS. in general, the subject
of the two mills above 35 years of age were less precipitin posi-
tive compared to younger age group subjects. The result indi-
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cates that the formation of precipitating antibodies against air-
bome TAs in susceptible individuals occur predominantly at
young age. Therefore, we suggest an early antibody screening to
identify young farm workers at risk. Our results indicate that the
smoking habit of the individual may prevent exposed workers to
become affected with HP due to certain protective mechanism
against allergens. The possible explanation could be the in-
creased number of macrophages in the upper respiratory tract of
smokers which provide a high rate of antigen clearance and
therefore the protection to the smokers against TAS can be one
of the possible mechanisms.

Demonstration of precipitating antibodies to TAS were consid-
ered as a prerequisite for the diagnosis of farmer’s lung disease.
The precipitin reactions among the sera of exposed symptomatic
workers of the cotton mill were more against S. rectivirgula fol-
lowed by T .thalpophilus and T. .vulgaris. The difference in pre-
cipitin reactions in the sera of workers and the aerial prevalence
pattern of surveyed TAS is possible due to the differences in the
antigenic properties of the actinomycetes. The sections contain-
ing bagasse in the sugar mill resulted in maximum count of T.
thalpophilus and S. rectivirgula [8]. The prevalence of T. sacchari
in bagasse resulted in maximum precipitin positive subjects and
therefore led to bagassosis in sugar mill workers [4]. Though, the
aerial prevalence of S. rectivirgula in sugar mill was quite low, but
the precipitin positive cases were determined in symptomatic as
well as asymptomatic subjects.

A comparative data of precipitin positive and ELISA values
{meanxS.D.) for IgG determination in the sera of 115 subjects of
cotton spinning mill and sugar mill were investigated (Table 4).
The sera of cotton spinning mill workers were accounted for
maximum precipitin positive against S. rectivirgula subjects. Nine
precipitin positive symptomatic subject sera were ELISA positive
and from rest of the 21 precipitin negative sera, 3 were also
ELISA positive against S. rectivirgula. However, symptomatic
precipitin positive cases against T. thalpophilus and T.vulgaris
were ELJSA positive with a significantly higher ELISA value as
compared to their symptomatic and healthy control group
(P<0.05). The enhanced ELISA observance values of IgG anti-
body in symptomatic subjects against S. rectivirula antigen was
probably due to the greater sensitivity of these subjects towards
specific antigen prepared from S. reclivirgula. Similar observa-
tions were recorded by Iranitalab et al. [20] where they observed
substantially weaker immune response in healthy farmers as
compared to the patients of hypersensitivity pneumonitis.

The sera of sugar mifl workers demonstrated the precipitin reac-
tion mostly against T. sacchari and S. rectivirgula. Though the
environmental prevalence of S. rectivigula was comparatively
low than T. thaphophilus and T. vulgaris as observed in our ear-
lier with study, yet the minute antigenic stimulus was found suffi-
cient to trigger a detectable immunse response [21]. The ele-
vated level of specific IgG antibodies against the tested antigens
TAS in precipitin ‘positive symptomatic and asymptomatic cases
were all ELISA positive, whereas, in their respective negative
group, few of the subjects were also ELISA positive.

The thermophilic actinomycetes laden bagasse considered to'be
the main cause of bagassosis. Six symptomatic and three
asymptoamtic sera were positive for both precipitin and ELISA
against T. sacchari (0.447/0.10, 0.408/0.011). Of the 15 precipitin
negative sera of symptomatic group, ‘3 were ELISA positive
(0.295/0.181). However, among the 30 asymtomatic precipitin
negative cases, only 4 sera were ELISA positive. The mean ab-
sorbance value for IgG antibody activity against T. sacchar and
S. rectivirgula was found to be elevated significantly in the symp-
tomatic worker's sera than in the asymptotic workers (P>0.05) or
unexposed control (P<0.05)). This is in conformity with the obser-
vation of Comelia et al. [22], who demonstrated a specific binding
of IgG in the sera of the farmer's lung patient to S. rectivirgula
purified antigens. However, no such antibody response was
found in exposed and unaffected subject. The antibody response
and symptoms suggests that the environmental exposure may
lead to pulmonary fibrosis in certain instance [23] it was sug-
gested by Erkinjuntti et al [24] that the high antibody levels in
farmer's lung patients were due not only to high exposure level
but also to individual sensitivity to environmental microbes. Be-
fore the irreversible fibrosis develops in the lung and create air-
flow obstructions, the present study may enable us to warn the
patient or farmers form further damage by the re-exposure to the
Thermophilic actinomycetes acting as bio-allergens in the agro-
environment which can be detected through ELISA.

in summary, formation of precipitating antibodies in the sera of
susceptible individuals were detected. The elevated IgG antibod-
ies specific against Thermophilic actinomycetes in the sera of
symptomatic subjects were comelated with the intensity of expo-
sure. Asymptomatic cases with no pulmonary impairment were
found precipitin positive for T. actinomycetes but a few cases of
symptomatic were precipitin negative. ELISA used in the present
study presented a reasonable simple and rapid tool with which
the clinicians could monitor HP patients for continued exposure.
Which might be encouraged to take measures against allergens
exposure. The smoking factor. among the exposed workers pos-
sibly acted as a protective mechanism. However, the additional
comprehensive studies is required to determine the impact of
smoking, if any, on the protection of Hypersensitivity pneumonitis.
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Abstract

Garlic (Allum sativum) is popularly consumed in Nigeria because of its health benefits in management
of several disease conditions. However, unreyulated intake of garlic can cause haemolytic anaemia.
This study sought to investigate the ability of some commonly consumed tropical green leafy vegeta-
bles namely Amaranthus cruentus, Baselia alba,’ Solanum macrocarpon, Ocimum gratissimum, Cor-
chorus olitorius to prevent garlic induced haemolytic anaemia. Wistar strain albino rats were fed diet
containing 4% garlic with or without 40% leafy vegetable supplement. The result of the study shows
that there was a decrease in daily feed intake (6.7-7.2), daily weight gain (0.7-1.5) and digestibility (70.4
- 91.5) of rats fed diet with garlic (4%), with or without vegetable (40%) supplement when compared
with those rats fed the basal diet without garlic (4%) and vegetable (40%) supplement [digestibility
(95.5), daily feed intake (7.5), daily weight gain (2.0)]. However, there was a significant decrease
(P<0.05) in the PCV (31.0), Hb (10.2), RBC {4.3) and WBC (3.5) of rats fed diet with garlic (4%) but with-
out vegetable; when compared to those rats fed diet without garlic (4%) and vegetable (40%) supple-
ments [PCV (38.2), Hb (13.0), RBC (5.5), WBC (4.0)]. Conversely, there was a significant increase in the
PCV (33.5 - 35.6), Hb (12.0 -12.5) and RBC (4.9-5.3) of rats fed diet with garlic (4%) and vegetable (40%)
supplement when compare to rat fed diet with 4% garlic supplement alone {except Solanum macrocar-
pon and Corchorus olitorius). Futhermore, there was a significant decrease (P<0.05) in MCV (69.2-72.0)
of rats fed the basal and those fed diet with garlic and vegetable (except Corchorus olitorius and So-
lanum macrocarpon) supplement, when compared to the rats fed diet with garlic, but without vegetable
supplement (74.5). This therefore implies that garlic could induce haemolytic anaemia in rats. However,
such anaemia could be prevented by some tropical green leafy vegetable such as Amaranthus Cruen-
tus, Baselia alba and Ocimum gratissimum

Introduction membrane lipids causes alterations in membrane structure lead-

ing to haemolysis. .. Consequently haemolysis would increase,

The potency of garlic or its products in the treatment or manage-
ment of several disease conditions has been extensively investi-
gated and reviewed [1-2]. However, chronic and unregulated
intake of garlic causes some other less desirable effects the
Chief amongst which is anaemia [1]. The anaemia caused by
garlic is apparently haemolytic [2). Recently, an additional factor
was introduced into the aetiology of garlic induced anaemia. A
correlation was reported (2] between the degree of anaemia
caused by garlic intake and the level of garlic induced decreases
in erythrocyte GSH and plasma ascorbic acid. It was suggested
that gartic depleting the body's content of GSH, ascorbic acid and
perhaps other important endogenous antioxidants, in conjunction
with garlic's ability to increase the body's free radical load:
caused a reduction in the degree of protection given to the eryth-
rocyte membrane against oxidative damage. The oxidation of

leading to the observed anaemia.

Recent report by Umar et.al [1] revealed that supplementation of
garlic-intake with ascorbic acid or vitamin E prevented decrease
in GSH and plasma ascorbic acid, thereby giving greater protec-
tion to erythrocyte membrane lipids against oxidative damage by
peroxides and free radicals generated in the body. The erythro-
cytes' hence became more resistant to oxidative damage and
consequently garlic-induced anaemia was prevented. Many phe-
nolics, such as flavonoids, have antioxidant capacities that are
much stronger than those of vitamins C and E. Flavonols and
flavones are flavonoids of particular importance because they
have been found to possess antioxidant and free radical scav-
enging activity in foods [3]. Some evidence showed that fiavon-
oids could protect membrane lipids from oxidation. A major
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source of flavonoids is vegetables and fruits [3]. Recently, phyto-
chemicals in food materials and their effects on health, especially
the suppression of active oxygen species by natural antioxidants
from teas, spices and herbs, have been extensively studied. Chi-
nese herbs have been used for diet therapy for several millennia.
Some of them are alleged to exhibit significant antioxidant activity
[3-5]. This study therefore sought to investigate the ability of
some popularly consumed tropical green leafy vegetables to
prevent garfic induced haemolytic anaemia.

Materials and Methods

Materials

The vegetables used were obtained from the research farm of
the Federal University of Technology, Akure, Nigeria. These
vegetables include: Amaranthus cruentus (Atetedaye), Baselia
alba (Amunu tutu), Sofanum macrocarpon (gbagba), Corchorus
olitorus (Ewedu), and Ocimum gratissimum (Efinrin). The chemi-
cals were analytical grades, while the water used was glass
distilled water.

Methods
Sample Preparation:

The vegetables were rinsed in water, and the edible portions
were separated from the inedible portion. The edible portions
were chopped into small pieces (500g) and sundried for further
analysis.

Bioassay

Wistar strain albino rats weighing 120 - 200g were purchased
from Biochemistry Department, University of liorin, Nigeria. And
acclamatized for 2 weeks during which period they were main-
tained ad libitum on commercial diet. The rats were subsequently
divided into seven treatment groups. Animals in group 1 were fed

the basal diet without garlic and vegetable supplement, while -

animals in group 2 were fed the basal diet containing garlic suppl-
ement (4%), animals in groups 3 - 7 were fed the basal diet
containing garlic (4%) and the vegetable (40%), as shown in

table 1. The feed and water were given ad libitum through out the
duration of the experiment. Daily feed-intake, weekly changes in
body weight and digestibility of the feed were monitored through-
out the experiment. The experiment last two weeks, at the end of .
which the rats were sacrificed by decapitation after an 18-hour
fast and the blood were collected into EDTA-tubes. The haemato-
logical tests, Packed ceil volume (PCV), Red blood cell counts
(RBC), white blood cell counts (WBC), Haemoglogin (Hb) and
Mean corpuscular volume (MCV) were conducted according to
the conventional methods reported by Aning et.al. [6].

Analysis of data

The result of the three replicates were pooled and expressed as
meanztstandard emmor (S.E.). A one-way analysis of variance
(ANOVA) and the Least Significance Difference (LSD) were car-
ried out [7). Significance was accepted at P< 0.05.

Results and Discussion

Oxidative stress is considered to be associated with many dis-
eases including haemolytic anaemia, but diet plays an important
role in human health and in the prevention of certain diseases 3,
8]. The result of the feed performance and growth of albino rats
fed dief containing 4% garlic and 40% vegetables supplement is
shown in table 2. The result revealed that there was a significant
decrease (P<0.05) in daily feed intake (6.2 — 7.2), daily weight
gain (0.7 - 1.5) and digestibility

There was a significant decrease (P<0.05) in the PCV (31.0), Hb
(10.2), RBC (4.3) and WBC (3.5) of the fats fed diet with garlic,
but without vegetable supplement when compare to the rats fed
diet without garlic and vegetable supplement [PCV (38.0), Hb
(13.0), RBC(5.5), WBC (4.0)] (table 3). This reduction in haema-
tological parameters could be attributed to the ability of the garlic
to induce the production of free radicals, which result in oxidative
damage on the erythrocyte membrane [1]. This garlic induced-
oxidative damage on rat erythrocytes ultimately results in haemo-
lytic anaemia [9]. This result also agrees with earlier report by
Younghong [10] to the extent that over consumption of garlic
induces haemolytic anaemia in hk phenotype dogs. The de-
crease in white blood cell count also confirms that the anaemia
caused by garlic is haemolytic anaemia [11].

Table 1: The feed formulation with or without garlic and vegetable supplement

Basal Treatment 1 Treatment 2
Casein 10g 10g -
Soyabeans Oil 10g 10g 10g
Vitamin/Mineral

Premix 4g 4g 4g
Com Starch 769 729 42g
Vegetable - - 40g
Garlic - 4g 4q
Total 100 100 100
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Table 2: Nutrient utilization and Growth Performances rats fed diet with garlic and vegetable supplement

Sample Daily feed intake Daily weight gain Dry matter digestibility
(g/ratiday) {a/rat/day) (%)
BSF 7.540.12 2.0+0.12 95.5+0.42
COWG 6.7+0.2¢ 1.5+0.1b 91.5+0.20
EDWG 7.240.1b 0.7+0.0¢ 70.410.3
IGWG 7.2£0.1b 1.240.1c 74.710.4¢
ATWG 6.5+0.0¢ 1.0£0.2¢ 84.2+0.6¢
ADWG 6.2+0.2¢ 0.70.1¢ 80.9+0.19
EFWG 6.6+0.3¢ 1.1£0.2¢ 76.3+0.2¢

Values are meantS.E (n =3)

Means with the same superscript letter(s) along the same row are not significantly different (P>0.05)

BSF: Basal
COWG: Diet with garlic (4%) supplement;

EDWG: Diet with gariic (4%) and Corchorus olitorius (40%) supplement
IGWG: Diet with garlic (4%) and Solanum macrocarpon {40%) supplement
ATWG: Diet with garlic (4%) and Amaranthus cruentus (40%) supplement
ADWG: Diet with garlic (4%) and Baselia alba(40%) supplement

EFWG: Diet with garlic (4%) and Ocimum gratissimum (40%) supplement

Table 3: Haematological changes in rats fed diet with garlic and vegetable supplement

g 6
BSF  38.2+0.22 5.5+0.32
COWG 31.0+£0.5¢ 4.310.3¢
EDWG 30.8+0.3¢ 4.1£0.1¢
IGWG  30.9+0.2 4.2+0.0¢
ATWG  33.5:0.40 5.3£0.22
ADWG 35.6+0.6b 5.0£0.1b
EFWG 34.2+0.20 4.9+0.20

13.0+0.62 4.0+£0.23 71.0£1.20
10.2+0.2¢ 3.5+0.2> 74.0£0.52
10.1+0.3¢ 3.0x0.10 75.0+0.62
10.2+0.5¢ 2.9+0.2 77.0£0.22
12.0+0.52 4.3+0.12 70.8+0.70
12.5+0.4ab 4.0+0.32 69.2+1.5
11.8+0.20 4.2+0.22 72.0£0.3

Values are mean + S.E (n =3)

Means with the same superscript letter(s) along the same row are not significantly

different (P>0.05)

BSF: Basal diet
COWG: Diet with garlic (4%) supplement;

EDWG: Diet with garlic (4%) and Corchorus ofitorius (40%) supplement
IGWG: Diet with garlic (4%) and Solanum macrocarpon (40%) supplement
ATWG: Diet with garlic (4%) and Amaranthus cruentus (40%) supplement

ADWG: Diet with garlic (4%) and Basefia alba(40%) supplement

EFWG: Diet with garlic (4%) and Ocimum gratissimum (40%) supplement

However, supplementation of the garlic diet with vegetables
(40%) cause a significant increase (P < 0.05) in the PCV (33.5 -
35.6), Hb (11.8 -12.5) and RBC (4.0 - 4.3) in the rats, except in
those rats whose diet are supplemented with Solanum macrocar-
pon and Corchorus oliforius. This possible indicate that tropical
green vegetables are capable of preventing garlic induced
haemolytic anaemia. Furthermore, there was a significant de-
cease (P<0.05) in MCV (71.0) of albino rats fed diet without garlic
and vegetable supplement when compared to the rats fed diet
with garlic, but no vegetable supplement [MCV (74.0)], which is
an indication of the presence of haemolytic anaemia in animals

consuming diet with garlic only [9). However there was a signifi-
cant increase (P< 0.05) in MCV of rat fed garlic with Corchorus
Olitorius (75.0) and Solanum macrocarpon (77.0) when com-
pared to those fed diet with garlic but without vegetable (74.0),
which is an indication that Corchorus ofitorius and Sofanum mac-
rocarpon can not prevent the haemolytic anaemia unlike other
green leafy vegetables used in the study.

The mechanisms of prevention of the haemolytic anaemia can
not be categorically stated. However, it could be attributed to the
high antioxidant properties of green leafy vegetables which serve
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as an extraceliular neutralizer of free radical [12]. In addition,
vegetables had been reported to be rich in vitamin C [13] and
many phenolics, such as flavonoids [3, 5]. Flavonoids have anti-
oxidants capacities that are much stronger than those of vitamins
C and E, which are reportedly used to prevent haemolytic anae-
mia by Umar et.al. [1]. Reports have shown that flavonoids could
protect membrane lipids from oxidation [3], a major source of
flavonoids are vegetables and fruits [3].

Conclusion

The results obtained from these studies revealed that some tropi-
cal green leafy vegetables such as Amaranthus cruentus, Baselia
alba and Ocimum gratissimum could prevent garlic induced
haemolytic anaemia in rats. Therefore, the most likely and practi-
cal way to fight against degenerative diseases is to improve body
antioxidant status which could be achieved by higher consump-
tion of green leafy vegetables [8].
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Abstract

Postoperative evaluation of endoscopic third ventriculostomy is based mainly on clinical analysis,
computerized tomegraphy and nuclear magnetic resonance images. However, these methods are un-
able o provide a ciear view of whole circulation pattern of the cerebrospinal fluid, and specifically the
abseorption capability of the arachnoid villi. We performed a preliminary study with postoperative

39mTc.DTPA ventriculocisternography to try to overcome this handicap. A 13 year old boy with ob-
structive hydrocephalus and signs and symptoms of intracranial hypertension underwent an endo-

scopic third ventriculostomy. On the next postoperative day a 99mTc.DTPA ventriculocisternography
was performed and peripheral blood taken for radioactivity evaluation. As seen on scintigraphic im-
ages, the radioisotope first injected into the right lateral ventricle, diffused to the left lateral ventricle,
spinal subarachnoid space and convexity. The blood activity curved sharply upwards.

Sigrs znd symptoms of intracranial hypertension disappeared and after six months a new CT scan re-
vealed 2 lower ventricular volume. Net correlation between the clinical and tomographic evolution and
the ventriculocisterncgraphy was observed. This method seems to be a promising tool for fast postop-

erative determination of the cerebrospinai fluid circulation.

Introduction

The choroid plexus produces approximately 480 ml of cerebro-
spinal fluid (CSF) in 24 hours. The total system capacity is 150
ml, which means that CSF may be cleared out completely three
times a day. The choroid piexus is mainly situated in the lateral
ventricles and produces almost all CSF. From the lateral ventri-
cles the CSF follow 2 pathway inside and outside the brain [1-3).
The obstruction of the aqueduct of Sylvius causes enlargement
of the lateral and third ventricle. Bv endoscopy it is possible to
perform a communication between the third ventricle and the
interpeduncuiar cistern, allowing the CSF to reach subarachnoid
space and then be absorbed by the arachnoid villi to the blood
stream [4]. Endcscopic third ventriculostomy (ETV) is the freat-
ment of choice for obstructive hydrocephalus [5,6]. The standard
methods of evalualion after surgery are: (a) clinical and neuro-
logical examination, (b) computerized tomography scan (CT) and
{c) magnetic resonance imaging (MRI) with flow study [5-9]. Nei-
ther of these methods show CSF circulation and its absorption

capability together. The purpose of the present work was to per-
form a nuclear medicine ventriculography model for postopera-

tive evaluation of ETV using 99MTc-DTPA.

Material and Methods

A 13 year old male was admitted to the hespital with headsche,
vomiting and somnolence. CT scan revealed an obstructive fiy-
drocephalus with a ventricular-inner table ratio (FH/D) of 51%
(Figure 1B). An ETV was performed without complications. After
the ETV a 22 gauge catheter was introduced into the right iateral
venfricle. On the next postoperative day, 10mCi (37 x 107 Bq) of
99MTc-DTPA was injected into the ventricle. Scintigraphic im-
ages were obtained with a gamma camera with low energy high
resolution collimator. (E.Cam, Siemens, USA) at 5 minutes, 1, 2
and 24 h post injection. The radionuclide activity was cbtained
drawing ROls in lateral ventricles, spinal subarachnoid space and
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cerebral convexity (Fig. 2). Post injection peripheral blood sam-
ples were taken from the patient at0, 30, 60 and 90 min. The

plasma was separated and radioactivity was measured. Count’
Levenberg-Marquardt algorithm on Matlab 6.5R13 (The Math
rates were corrected for radioactive decay and then compartmen-
tal analyses were done, considering the lateral ventricles as the
injection one, subarachnoid space as the second and vascular
space as the opened compartment. The curve fitting was done
using the Linear Least Square method with the application of the
Works, Inc., USA). Curves were adjusted applying first order
kinetic model [10] assuming that the transfer rates between com-
partments were proportional to the material concentration be-
tween compartments, where the curve slope (Il of the lateral ven-
tricle and subarachnoid space are: - 0,5 and - 34,4 . The patient
was discharged from the hospital on the fourth postoperative day
without the previous symptoms.

Results

Ventricular size measured on CT scan by the FH/ID ratio, where
FH is the largest width of the frontal homs and ID is the internal
diameter from inner table to inner table at this level, showed a
decrease from 0,51 to 0,43 mm ((Fig 1B and 1D, respectively)
after six months. The CSF dynamic process measured by radio-
pharmaceutical washout from ventricular system (Figure 2) dem
onstrates a very rapid interventricular equilibrium and flow to
subarachnoid space where the transient influx (Fig 3B) happens
early, demonstrated by the first part of the curve, and decreases
immediately, as can be seen by a very steep second phase of the
time activity curve. A slow third part curve (Fig 3C) shows the
transfer velocity of the radiopharmaceutical to the vascular com-
partment.

Fig.1: (A- ) 'Preoperative ct images shéwing "dilated supratentorial ventricles and normal fourth ventricle.
(C-D), posoperative 6 monthsct scan images revealing decrease ventricular size
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FIGURE 2

Fig. 2: (A-)-scinitigraphic images at 15 minutes, 1,2 and 24 hours showing values of rois drown at different sites: 1-right lateral ventricle,
2-left lateral ventricle, 3-spinal subarachnoid space and 4-convexity. ’

FIGURE 3
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Fig. 3: Time-activity curves, A-Lateral ventricles, B- Subarachnoid space and C- blood (t= time in hour, y= count rates)
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Discussion

The CSF circulation was separated in three main compartments:
the ventricular system, the subarachnoid space and the vascular
compartment. The tendency of the first two compartments is to
equitibrate both the CSF pressure and the radiopharmaceutical
concentration, once connected. The rapid initial decrease ob-
served in the lateral ventricles and the initial increase in the su-
barachnoid space represent the diffusion of the radiotracer
through a well connected system. The overall radiopharmaceuti-
cal decreasing may represent the CSF diffusion to the subarach-
noid space plus absorption to the vascular bed. The radioactivity
appeared in the blood at 30 minutes. The slow third part of the
ventricular and subarachnoid space activity curve may represent
the capability of the whole system to transfer the radiotracer from
the ventricular-SAS to the vascular compartment, which is an
exponential curve.

The evaluation of ETV with intraventricular injection of radionucli-
de has already been performed [11]. New methods like CT and
MRI are far from offering the answer to cases of failed ETVs [5-
71. The advantages of using the radiotracer model are: (a) evalu-
ate the complete CSF pathway, (b) measure directly the vascular

absorption process and (c) obtain a functional evaluation of the

procedure. A future development of a bedside diagnostic tool with
intraventricular injection and blood samples is desired. In conclu-
sion, present case shows a good correlation between the neuro-
logical improvement and the CSF kinetic. Additional studies are
necessary to define the limits of the normal pattem of CSF circu-
lation and its absorption to the blood stream, in this type of pa-
tients.

This work was supported by a grant from the School of Medicine
and the Pedro Emesto Universitary Hospital, State University of
Rio de Janeiro and FAPERJ, Brazil.
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Abstract

Seroreactivity of bancroftian filarial cases of different endemic zones with different geogrophical iso-
lates of W.bancrofti mf was checked by indirect fluorescent antibody test (IFAT). While the filarial sera
of Calicut showed binding to the mf isolates of all four endemic zones studied (Calicut, Bhubaneshwar,
Rourkela and Wardha), the sera of Bhubaneshwar and Rourkela were not reactive with mf of any of the
four regions. The sera of microfilaraemics of Wardha did not bind to the mf from Rourkela region. Fur-
ther analysis of antibody levels against B.malayi ES antigen in human sera from different endemic
zones showed high GMT of filarial IgG antibody in microfilaraemic sera of Wardha region compared to
Bhubaneshwar (P<0.05). The microfilaraemic and as well clinical filarial sera of Wardha also showed
significantly high GMT of filarial IgG antibodies against B.malayi mfS antigen compared to the antibody
levels in the respective categories of sera from Calicut region (P<0.05). These differences in the serore-
activity of filarial groups in different endemic zones to the mf isolates of different geogrophical regions
and difference in filarial antibody responses in different host populations may reflect parasite specific

variations in immunogenecity.

Introduction

Human lymphatic filariasis is a mosquito-borne disease of the
tropics caused by infection with the nematode parasites Wucher-
eria bancrofti and Brugia malayi. According to the estimates
available from National Institute of Communicable Diseases
(NICD}, Delhi, there are 412 million people exposed to the infec-
tion in India with 31 million people harboring microfilariae and
another 21 million suffering from chronic manifestations of the
disease like hydrocele, lymphoedema and elephantiasis [1].
Lymphatic filariasis is characterized by a wide spectrum of clinical
manifestations. The nature of spread of infection and disease
manifestations due to W.bancrofti infection have been noted to
differ from country to country and also from one community to
another within the country. Genital manifestations specially hy-
drocele are more prevalent in North, while swelling /elephantiasis
of limbs was predominant in South [2]. Scrotal hydrocele is also
reported to be quite common in Orissa [3]. There has also been
considerable variability among the filarial cases in their response
to antifilarial drugs [4,2]. Existence of such wide spread variability
in the disease pattern and in chemotherapeutic response in the
infected cases suggests the presence of different strains of the
W. bancrofti parasite. This will have serious implications in the
control /elimination programmes of this major tropical disease.
The existence of different strains of a parasite may affect the
application of immunodiagnostics and chemotherapeutics and
may also influence the efficacy of vaccination.

Ravindran et al [5] provided the serological evidence for the exis-
tence of different strains of W bancrofti by demonstrating the
differential reactivity of sera of mf carriers to mf sheath. This
study also showed that mf carriers sera could be used as ‘sero-
typing’ reagents for differentiating the ‘strains’ of W .bancrofti.
Analysis of morphological variations and isoenzyme pattems of a
parasite and serotyping of infected people from different localities
are the approaches that help in identification of different strains of
the parasite. However no extensive and confimatory studies
have been conducted on the seroreactivity pattems among
W.bancrofti infected individuals from different endemic areas .
The present communication reports on the differential seroreac-
tivity among the different groups of bancroftian filariasis of four
endemic regions in India.

Materials and Methods

Study population:

The study population comprised of individuals residing in Calicut
(Kerala), Wardha (Maharashtra), Trivendrum (Kerala), Bhu-
baneshwar (Orissa) and Rourkela (Orissa) which are endemic for
bancroftian filariasis. Parasitological, clinical examination and
blood withdrawal were done after taking the informed conscent
from individuals.
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Collection of blood samples:

Blood samples were collected from W.bancrofti infected microfila-
raemic individuals from different endemic areas mentioned
above. The presence of mf was checked in the finger prick blood
samples collected at night between 21:00 and 24:00 h. About 10
mi of blood sample was collected from each individual during
night hours. About 2ml of blood was transferred to a sterile plain
vial (for serum separation). The rest was transferred into another
sierile container with 2.5ml of Citrate dextrose solution {antico-
agulant), mixed gently and was placed in an ice box or refrigera-
tor.

Isofation of W.bancrofti microfilariae:

Microfilariae were isolated from blood samples as described by
Davaney and Howell's [6] with few modifications. Blood samples
were diluted with equal volume of nomal saline and fiitered
through S nucleopore membrane filter. After passing two more
volumes of normal saline, the filter holder was inverted and the
membrane was flushed with normal saline. The filter membrane
was removed and transferred fo a petridish, the membrane was
washed thoroughly with normal saline, the washings were col-
lected in a centrifuge tube and centrifuged at 2000 xg for 5-10
min. The supernatant was discarded and the mf pellet was col-
lected in nommal saline.

The mf was further purified in normal saline by percoll gradient
separation. The microfilarial suspension was carefully layered on
the top of the percoll gradient (0.6% to 100%) and centrifuged at
10000xg for 10min. The whitish band containing microfilariae at
the interface between the 0.6% and the undiluted percoll layer
was removed and washed several times in RPMI-1640 medium.
Finally the pellet was resuspended in 200p1 of Tris EDTA buffer
and stored at -70°C.

Analysis of seroreactivity of filarial endemic populations
with mf isolates from different endemic areas by Indirect
Fluorescent Antibody Test (IFAT) :

IFAT was performed as described by Kaliraj et al (7) with few
modifications. About 100 microfilariae were incubated with differ-
ent test sera diluted optimally (1:10) in PBS (0.05M) in conical
vials and incubated at room temperature for 2 hr. After washing
twice with PBS in a microfuge, the mf were further incubated with
201 of optimally diluted (1:10 in 0.05M PBS) anti human IgG-
FITC conjugate at 4°C for thr. The mf were washed twice with
PBS and further incubated with 0. 1% Evans biue for Smin at 4°C.
The mf were taken on to a glass slide with 20 i of mount solu-
tion (60% glycerol in 0.06M carbonate buffer, pH 9.6), placed a
cover slip, the edges were sealed and observed under a fluor-
scene microscope (Nikon, Japan) using 10X objective lens. A
positive result was recorded when yellow green fluorescence was
observed on the surface of microfilariae . Intensity of flucres-
cence was expressed as +++ (high), ++( medium) and +(Low) or
NR (Non-reactive) for each mf preparation.

B. malayi microfilarial Excretory-Secretory (ES) antigens :

Bm mf ES antigens were prepared as descrived by Chen-
thamarkshan et al (8) with few modifications. B.malayi mf were
isolated from the peritoneal lavage of jirds with intra peritoneal
infections of 4 months or more duration. Mf (15,000/ml) were
maintained in RPMI-1640 supplemented with organic acids and
sugars of Grace's culture medium and 0.{mM phenyl methyl
sulphonyl floride (PMSF) at 28C for 48 h. The supematant was
collected, concentrated by ultra membrane filtration and dialyzed
against 0.01M sodium phosphate buffer (SPB) pH 7.2. The pro-
tein content was measured by Lowry’s method (9) and the anti-
gen was stored at -70°C with a cocktail of protease inhibitors,
viz., ethylene diamine tetra acetic acid (EDTA), PMSF at 0.1mM
concentration and tosyl-L-lysine chloromethyl ketone (TLCK) at
0.2 mM concentration

B. malayi microfilarial Phosphate Buffer Saline soluble (mfS}
antigen:

B. malayi microfilarial soluble antigen was prepared as described
by Kaliraj et al (10). About 10 Lakhs mf were washed twice with
0.05M Phosphate buffer saline (PBS) pH 7.2.The mf pellet was
suspended in 2mi of 0.05M PBS containing 0.17mM EDTA,TPCK
and PMSF and homogenized at 4°C for 30min.The homogenate
was further sonicated at 4°C using vibronic sonicator ,10
times,each time for 30 sec at 1min intervals and further extracted
overnight by gentle shaking at 4°C and supematant collected was
labelled as Bm mf S antigen. After estimation of protein the anti-
gen was stored at -709C until further use.

Stick Indirect Enzyme linked immunosorbant assay (ELISA):

The assay was done as described earlier [11] using cellulose
acetate membrane fixed plastic sticks, coated with optimal con-
cenfration (100pg) of antigen fraction as sorbent material . Opti-
mal dilution (1:300) and two fold dilutions of sera of different
groups from different regions were analyzed for filarial antibod-
jes. Anti-human 1gG was conjugated to enzyme penicillinase
(Sigma Chem.Co.,USA) following the methad of Avrameas,(12)
and used as a probe. The immune reaction was observed by
incubating the stick each with 0.5 ml of starch-iodine penicillin
substrate. The sera showing complete decolourisation of blue
color substrate at least 3 minutes earlier than the referral nega-
tive control sample were considered positive.

Stick Inhibition Enzyme linked immunosorbant assay
(ELISA):

inhibiton ELISA was camied out as described by Ramprasad ef a/
[13]. 5 ut volume of FSIgG (20uig/mi}, sera ditution of 1:300 and
penicilinase iabeled excretory secretory zntigen (1:1000) were
used in the assay system. The persistent of blue color indicated a
positive reaction.

Siatistical Analysis:

Mann Whitney ‘U’ test was used to compare the GMT of various
groups of sera from different regions.
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Results

Seroreactivity of different filarial endemic populations with
field mf isolates:

The results of the analysis of seroreactivity of different filarial
groups from different endemic zones with W.bancrofti mf isolates
in IFA are summarized in Table-1. The clinical filarial sera of Ca-
licut and Wardha regions reacted strongly with the surface of mf
collected from different zones . While the microfilaraemic sera of
Bhubaneshwar and Rourkela showed no reactivity with mf
isolates, the microfilaraemic sera from Calicut and Wardha sam-
ples showed medium to low reactivity with mf isolates of these
two regions. The mf and clinical sera of Calicut also showed low
reactivity with mf isolates of Rourkela and Wardha regions. Sera
of endemic normals from all the endemic zones studied were non
reactive with mf collected from all the zones.

Circulating filarial antibody and antigen levels in different
endemic populations:

Filarial antibody levels against B.malayi mf ES antigen:

Sera samples were screened from four regions viz., Calicut,
Bhubaneshwar, Trivendrum and Wardha and the results are
summarized in Table 2 a,b,c. Among the microfilaraemic sera
samples, 10 out of 11 (91%) from Calicut region, 14 out of
16(87.5%) from Wardha region and 28 out of 37(75.6%) from
Bhubaneshwar were positive for filarial IgG antibody, while in
clinical filariasis group 23 out of 26 (89%) from calicut region ,14
out of 16 (87.5%) from Wardha and 13 out of 16 (81.3%) from
Trivendrum were positive for filarial IgG antibody. Among the
endemic normal samples 1 out of 11 (9%) from Calicut, 2 out of
16(12%) from Wardha, 1 out of 10(10%) from Bhubaneshwar and
1 out of 9(11%) from Trivendrum were positive for filarial IgG

antibodies. The microfilaraemic samples collected from Wardha
region showed higher GMT (504) of filarial 1gG antihodies when
compared to microfilaraemic samples of Calicut (362) and Bhu-
baneshwar (336) but the difference was not stafistically signifi-
cant in case of Calicut microfilaraemic samples. However with

Bhubaneshwar samples the difference was significant (P<0.05)
The Clinical samples collected from calicut region showed
somewhat higher Geometric Mean Titre of filarial IgG antibodies
{511) compared to the GMT of antibodies in clinical samples of
Wardha (483) and Trivendrum (372). But the difference was not
significant (Fig. 1).

Filarial antibody levels against B.malayi mf S antigen:

Results of analysis of different groups of sera against Bm mf S
antigen are shown in Table 3 a,b,c. Among the microfilaraemic
sera samples, 8 out of 11 (73%) from Calicut region, 16 out of
16(100%) from Wardha region and 25 out of 37(68.5%) from
Bhubaneshwar were positive for filarial IgG antibodies, While in
case of clinical sera 15 out of 26 (57%) from Calicut region, 13
out of 16 (81%) from Wardha and 9 out of 16(56%) from Triven-
drum were positive for filarial 1gG antibodies. In the endemic
normal group 1 out of 11 (9%) from Calicut, 2 out of 16(12%)
from Wardha, 1 out of 10{10%) from Bhubaneshwar and 1 out of
9(11%) from Trivendrum were positive for filarial IgG antibodies.
The Geometric Mean Titre of filarial 1gG antibody in microfilarae-
mic sera of wardha region was higher (526) when compared to
the antibody levels in microfitaraemic samples collected from
Calicut (299) and Bhubaneshwar (226) and the difference was
significant (P<0.05). In case of clinical samples the GMT of
Wardha region was significantly higher (483) when compared to
the GMT of antibody levels in samples from Calicut (242) and
Trivendrum (203) (P<0.05)(Fig. 2).

Circulating filarial antigen levels against B.malayi mf ES

_antigen conjugate:

Bm mf ES penicillinase conjugate was used in inhibition ELISA
for detection of circulating filarial antigen in bancroftian filarial
sera of different regions. In mf positive cases, 9 out of 11 (81%)
sera from Calicut, 11 out of 16 (68%) from Wardha and 26 out of
37 (70%) from Bhubaneshwar showed the presence of circulating
filarial antigen. In clinical filarial group 19 out of 24 (79%) from
Calicut, 5 out of 16(31%) from Wardha and 7 out of 16(43%) from
Trivendrum were positive for filarial antigen. Among the endemic

Table 1: Analysis of seroreactivity of different endemic populations with field
isolates of mf by Indirect Fluorescent Antibody Test

Region Sera samples  Reactivity with microfilariae collected from endemic zones
Calicut Bhubaneshwar Rourkela Wardha
Calicut Mf + ++ + +
Ci +++ ++ + ++
En NR NR NR NR
Bhuban- Mf NR NR NR NR
eshwar En NR NR NR NR
Rourkela Mf NR NR NR NR
Wardha Mf + NR NR +
Cl ++ + NR ++
En NR NR NR NR

Mf= Microfilaraemia ; Cl = Clinical filariasis ; En = Endemic normals ; NR = Non Reactive
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Table 2a: Filarial IgG antibody levels in microfilaraemic sera collected from different
endemic areas against B. malayi mf ES antigens

Group Region No No +ve* No of sera having filarial IgG antibody titre of
Exam. (%tve) 75 150 300 600 1200 GMT
Calicut 1 10(91) - 1 6 4 - 362 a
Mmf Wardha 16 14(87.5) - 2 4 6 4 504 »
Bhubaneshwar 37 28(75.6) 6 3 15 5 8 336
“xsera showing filarial IgG antibody titre of > 300
Mf= Microfilaraemic; GMT= Geometric Mean Titre
bVsc P<0.05
Table 2b: Filarial IgG antibody levels in Clinical filariasis sera collected from different
endemic areas against B. malayi mf ES antigens
Group Region No Exam. No +ve* No of sera having filarial IgG antibody titre of
(%tve) 75 150 300 600 1200 GMT
Calicut 26 23(89) 1 2 9 4 10 511a
Ci Wardha 16 14(87.5) - 2 1 13 - 483,
Trivendrum 16 13(81.3) 2 T 6 4 3 372,
*sera showing filarial IgG antibody titre of > 300
CF= Clinical filariasis; GMT= Geometric Mean Titre
Table2c: Filarial IgG antibody levels in endemic normal sera coilected from different
endemic areas against B. malayi mf ES antigens
Group Region No No +ve* No of sera having filarial IgG antibody titre of
Exam.  (%tve) 75 150 300 600 1200 GMT
Calicut " 1(9) 4 6 1 - - 126
En Wardha 16 2(12) 7 7 2 - - 120,
Bhuba- 10 1(10) 3 6 1 - - 130
neshwar
Trivendrum 9 1(11) 6 2 1 - - 102 4
=sera showing filarial IgG antibody titre of > 300
En = Endemic normal; GMT= Geometric Mean Titre
Table-3 a: Filarial IgG antibody levels in microfilaraemic sera collected from different
endemic areas against B. malayi mf PBS(S) antigens
Group Region No No +vex No of sera having filarial IgG antibody titre of
Exam. (%tve) 75 150 300 600 1200 GMT
Calicut " 8(73) 1. 2 4 4 - 299 5
Mf Wardha 16 16(100) - - .5 9 2 5261
Bhuba- 37 25(68.5) 6 6 122 3 - 226 .
neshwar

=sera showing filarial IgG antibody titre of > 300
MF= Microfifaraemic; GMT= Geometric Mean Titre
aVsb P<0.05; bVscP<0.001
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Table-3 b: Filarial IgG antibody levels in clinical filariasis sera collected from
different endemic areas against B. malayi mf PBS(S) antigens

Group Region | No No  +ve= _No of sera having filarial IgG antibody titre of
Exam. (Y%otve) 75 150 300 600 1200 GMT
Calicut 26 15(57) 5 6 7 8 - 242,
] Wardha 16 13(81) 1 2 1 9 3 483
Trivendrum 16 9(56) 3 4 8 1 203

*sera showing filarial IgG antibody titre of > 300
CL = Clinical filariasis ; GMT= Geometric Mean Titre
aVsb P<0.05; bVsc P<0.05

Table-3 c: Filarial IgG antibody levels in Endemic normal sera collected from different endemic areas
against B. malayi mf PBS(S) antigens

Group Region No No +ver No of sera having filarial IgG antibody titre of
Bam.  (ve) 75450 300 600 1200 GMT
Calicut 1 1(9) 5 5 1 - - 116 a
En Wardha 16 2(12) 3 11 - - 143,
Bhuba-. 10 1(10) 6 3 1 - - 106 ¢
neshwar
Trivendrum 9 1(11) 6 2 1 - - 1024

*sera showing filarial IgG antibody titre of > 300
En = Endemic normal ; GMT= Geometric Mean Titre

Table 4 a - Filarial antigen levels in microfilaraemic sera collected from different endemic areas using
Bm mf ES antigen conjugate

Group Region No No  +ve* _No of sera having filarial IgG antibody titre of
Exam. (%tve) GMT
150 300 600 1200
Mf Calicut " 9(81) 2 6 - 3 3854
Wardha 16 11(68) 5 6 - 5 3724
Bhubaneshwar 37 26(70) " " 2 13 412,

*sera showing filanial IgG antibody titre of > 300
MF= Microfilaraemic; GMT= Geometric Mean Titre

Table 4b: Filarial antigen levels in Clinical filariasis sera collected from different
endemic areas using Bm mf ES antigen conjugate

Group Region No No  +ves _No of sera having filarial IgG antibody titre of
Exam.  (%tve) GMT
150 300 600 1200
Calicut 24 19(79) 5 9 3 7 424,
CL Wardha 16 5(31) 1" - 2 3 300
Trivendrum 16 7(43) 9 1 1 5 327 ¢

*sera showing filarial IgG antibody titre of > 300
CL= Clinical filariasis ; GMT= Geometric Mean Titre
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Table 4c: Filarial antigen levels in Endemic normal sera collected from different endemic
areas using Bm mf ES antigen conjugate -

Group | Region No No +ves No of sera having filarial IgG antibody titre of
Exam. (%tve) 50 300 600 1200 GMT
Calicut 11 2(18) 9 - - 2 218,
En Wardha 16 3(18) 13 3 - - 170
Bhubaneshwar 10 1(10) 9 1 - - 160 ¢
Trivendrum 9 1(11) 8 - 1 - 1744
*sera showing filarial IgG antibody titre of > 300
En = Endemic normal ; GMT= Geometric Mean Titre
Table-5 a: Filarial antigen levels in microfilaraemic sera collected from different endemic
areas using Bm mf PBS(S) antigen conjugate
Group Region NoExam No +ve» _No of sera having filarial IgG antibody titre of
(%etve) 150 300 600 1200 GMT
Calicut k! 10(90) 1 8 1 2 438,
Mf Wardha 16 13(81) 3 8 - 5 406w
BhubaNeshwar 37 29(78) 8 12 8 9 420;
*sera showing filarial IgG antibody titre of > 300
MF= Microfilaraemic; GMT= Geometric Mean Titre
Table-5b: Filarial antigen levels in Clinical filariasis sera collected from different endemic
areas using Bm mf PBS(S) antigen conjugate
Group Region No No +ves _No of sera having filarial igG antibody titre of
Exam. (%tve) 150 300 600 1200 GMT
Calicut 24 17(71) 7 11 3 3 318,
CL Wardha 16 8(50) 8 - 5 3 342
Trivendrum 16 7(44) 9 2 1 4 300,
*sera showing filarial IgG antibody fitre of > 300
CL= Clinical filariasis ; GMT= Geometric Mean Titre
Table 5c: Filarial antigen levels in Endemic normal sera collected from different endemic
areas using Bm mf PBS(S) antigen conjugate
Group Region No No +ve* No of sera having filarial IgG antibody titre of
Exam.  (%tve) 755300 600 1200 GMT
Calicut 11 1(9) 10 1 - - 1602
En Wardha 16 1(6) 15 1 - - 157v
Bhubaneshwar 10 1{10) 9 - 1 - 172
Trivendrum 9 1(11) 8 1 - - 1624

*sera showing filarial IgG antibody titre of > 300
En= Endemic normal ; GMT= Geomelric Mean Titre
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Fig.1:  Geometric Mean Titres of Filarial IgG antibodies in sera
of different groups collected from different endemic areas against
B. malayi mf ES antigen (Mf= microfilaraemic; Cl = Clinical filaria-
sis; En = Endemic normal)
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Fig.2: Geometric Mean Titres of Filarial IgG antibodies in sera of
different groups collected from different endemic areas against
B.malayi mf PBS (S) antigens. (Mf= microfilaraemic; Cl = Clinical
filariasis; En= Endemic normal)
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Fig.3: Geometric Mean Titres of Filarial antigen levels against
Bm mf ES antigen conjugate in sera of different groups collected
from different endemic areas. (Mf= microfilaraemic; Cl = Clinical
filariasis;En=Endemic normal).

Fig.4: Geometric Mean Titres of Filarial antigen levels against
Bm mf PBS (S) antigen conjugate in sera of different groups
collected from different endemic areas. (Mf= microfilarae-
mic;Cl=Clinical filariasis; En= Endemic normal)

normal samples 2 out of 11 (18%) from Calicut, 3 out of 16(18%)
from Wardha ,1 out of 10(10%) from Bhubaneshwar and 1 out of
9(11%) from Trivendrum were positive for filarial antigen (Table-4
ab,c). There was no significant difference in GMTs for filarial
antigen in microfilaraemic as well as clinical filarial sera samples
collected from Bhubaneshwar, Wardha and Calicut (Fig.3).

Circulating filarial antigen levels using Bmalayi mf PBS(S)
antigen conjugate:

Using PBS (S) antigen Penicilinase conjugate, in microfilaraemic
group, 10 samples out of 11(90%) from Calicut, 13 out of 16
(81%) from Wardha and 29 out 37(78%) from Bhubaneshwar
were positive for filarial antigen. While in clinical fitarial group 17
out of 24 (71%) Calicut samples, 8 out of 16(50%) Wardha sam-
ples and 7 out of 16 (44%) Trivendrum samples showed positiv-
ity for filarial antigen ( Table-5 ab,c). In the endemic normal
group 1 out of 11(9%) samples collected from Calicut region,1
out of 16(6%) from Wardha, 1 out of 10(10%) from Bhu-
baneshwar and 1 out of 9(11%) from Trivendrum showed positiv-
ity for filarial antigen. There was no significant difference in the
GMTs of filarial antigen in both microfilaraemic and clinical filarial
sera of different zones (Fig 4).

Discussion

Immunological criteria have also been used to study genetic vari-
ants of parasites. The differences in the antigenicity of the para-
site and cellular and antibody responses in the host have been
considered to correlate with different geographical isolates of
Trichinella (14, 15, 16).

In the present study the immune responses of different filarial
endemic populations were studied by analyzing their seroreactiv-
ity with different geographical isolates of W.bancrofti mf in indirect
fluorescent antibody test and by assaying for filarial antibody and
antigen levels by ELISA. In IFAT, microfitaraemic and as well
clinical filarial sera from Calicut showed binding to the mf isolates
of all the four endemic zones studied (Calicut, Bhubaneshwar,
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Rourkela 8 Wardha). While clinical filarial sera from Wardha
showed binding to mf of Calicut, Bhubaneshwar and ‘Wardha
regions, the microfilaraemic sera were reactive with the mf of
Calicut and Wardha. Sera of Bhubaneshwar and Rourkela were
not reactive with mf of any of the four regions (Table-1). These
variations in host responses in different endemic zones to the mf
isolates of different geographical regions presumably reflect mf
isolate specific variations in immunogenicity.

Ravindran et al [5] reported on the differential reactivity of anti-
sheath antibodies in W.bancrofti microfilariae carriers. Microfi-
lariae of W.bancrofti purified from five different mf carriers were
used separately as antigen to identify anti-sheath antibodies and
the reactivity was found to be quite variable to the five different
mf preparations suggesting the existence of polymorphic anti-
gens on the sheath of W.bancrofti mf. This study also indicated
the possible use of mf carrier sera as ‘serotyping’ reagents for
differentiating the ‘strains’ of W.bancrofti.

The analysis of filarial antibody responses in samples of different
endemic zones by ELISA also showed the existence of such
variations in the host response to the parasite antigens. The mi-
crofilaraemic sera of Wardha compared to those of Bhu-
baneshwar showed significantly high GMT of filarial 1gG antibod-
ies against both B.malayi mfES and mfS antigens(P<0.05). The
microfilaraemic and as well clinical filarial sera of Wardha also
"showed significantly high GMT of filarial IgG antibodies against
Bimalayi mfS antigen compared to the antibody levels in the re-
spective categories. of sera_from Calicut region (Fig.2) (P<0.05).
However there were no significant differences in the circulating
filarial antigen levels in different endemic populations (Fig. 3,4).

These observations validate the belief that distinct populations of
parasite may show significant differences in immunogenicity. The
variation in the antibody responses among the sera of different
endemic zones provides indirect evidence on the possible exis-
tence of different strains among the filarial parasites. Further
studies on genetic or isoenzyme analysis of the W.bancrofti col-
lected from different endemic zones will be useful to confirm and
characterize such strain variations.
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Abstract

This contribution briefly describes a technique for harvesting saphenous vein (SV) for coronary artery
bypass graft surgery (CABG), which has been successfully applied to our patients at the Cardiothoracic
Department, Orebro University Hospital, Sweden. This improved 'no-touch' harvesting technique is very
beneficial to patients health as is indicated by the graft patency at mid-term and long-term follow-up

studies.

Introduction

CABG that was developed in the late1960s utilizing the SV graft,

has dramatically changed the management of patients with
ischemic heart disease. There are three main reasons for CABG:
a) to relieve ischemia resistant to medical freatment, b) to prevent
myocardial infarction and c) to increase a productive life span {1].
Although coronary bypass surgery has achieved these goals, the
degeneration of the venous graft with time is a major problem. All
data indicate that the long-term outcome of venous bypass grafts
is poor and that one should strive to use alternative methods.
Virtually every synthetic and biologic altemnative to arterial con-
duits or autologous fresh SV has proved disappointing. Nowa-
days the use of arterial conduits, which have a better long-term
outcome, has become very common. Nevertheless, the SV is still
an important conduit for CABG. However, for SV grafts to remain
useful as stable and long-lasting coronary bypass conduits, graft
thrombosis and atherosclerosis, which are the most important
pathologic changes causing graft failure, must be delayed or
prevented.

Vein graft failure

In the 1980s several studies published by Campeau 2], Bourassa
(3] and Grondin {4] demonstrated that severe atherosclerotic
deterioration of SV grafts occurs between 6 and 11 years. They
proposed that aortocoronary surgery, with the use of SV grafts,
should eventually be reconsidered and suggested that modifica-
tions of harvesting techniques and pharmacological intervention
might improve the durability of aortocoronary vein grafts. At the
same time Loop [5), in a great number of patients, showed a
clear advantage of using the intemal mammary artery (IMA) over
the SV.

Despite the widespread use and superior patency of the IMA, the
SV continues to be the most commonly used conduit for CABG.
However, vein graft failure is associated with recurrence of an-
gina [2] and is one of the primary reasons for re-operation. Early
vein graft failure occurs in approximately 18% of SV grafts within

the first month of implantation and approx 30% of SV grafts
occlude within the first year [6]. At ten years, graft occlusion rates
are more than 50% and the grafts that remain patent frequently
show angiographic fuminal irregularity or narrowing. Preparation
of the graft is important, as there is direct evidence that surgicat
injury during vein preparation causes severe intimal loss as well
as biochemical and functional changes of the graft [7].

Strategies of reducing vein graft failure

Many strategies have been used to prevent vein occlusion and to
improve short- and long-term graft patency rate. Apart from es-
tablished adjuvant medical therapy, new pharmacological agents
[8] and gene therapy [9], also mechanical devices [10] are pres-
ently undergoing evaluation. Many of these strategies have
shown promise in experimental vein bypass models, however few
have successfully been transferred into clinical practice. In addi-
tion, an important point is the continued improvement of surgical
techniques to prevent vein wall damage during its harvesting and
implantation.

Routinely, vein graft is prepared with the conventional harvesting
technique, which includes dissection of the vein from its bed,
ligation of side branches, and flushing and distension of the
lumen to overcome spasm and to identify leaks [11]. Endothefial
injury results from direct mechanical trauma and stretching as a
result of luminal distension {12].

A" no-touch” technique of harvesting SV has been described (13)
which consists of retaining the cushion of surrounding tissue that
both prevehts venospasm, thereby obviating the need for disten-
sion, and protects the vein from direct handling by surgical in-
struments even during performing the anastomoses (Fig. 1). We
showed that the "no-touch” technique results in well-maintained
endothelial cell integrity, as revealed both by scanning and
transmission electron microscopy [13,14]. With the conventional
technique there was extensive damage to the endothelial layer
[13]. We could also demonstrate [15] that the adventitia and the



"no touch” saphenous vein ‘harvesting technique for coronary artery bypass.......

151

|

Fig. 1: Anastomosis with the “no-touch” procedure. The cushion of surfounding
tissue prevents direct contact between instrument and vein.

cushion of surrounding tissue that remains intact after harvesting by the "no-
touch” technique has high collagen content. This may therefore act as a buffer
against the pulsatile stresses the graft is exposed to, working in a similar man-
ner as an external stent. There is evidence that even in the absence of intralu-
minal blood flow the vasa vasorum maintained endothelial integrity and that
endothelium is very sensitive to the loss of the vasa vasorum [16]. Thus, the
endothelial surface of an arterialized vein bypass is probably nourished by both
the luminal blood and through the vasa vasorum blood supply. We found [17]
that the vasa vasorum drains into the vein lumen, so it is possible that arterial
blood from the iumen to some extent perfuses retrogradely through the vasa
vasorum, thereby decreasing ischemic damage of the vein's medial layer.

The alterations in nitric oxide synthase (NOS) distribution in SV harvested by

the "no-touch” technique was demonstrated and compared to that in conven-

tionally harvested SV. In addition to the preservation of NOS associated with -
luminal endothelial cells, NOS in the media and adventitia of “no-touch” vessels

were also preserved. This preservation of NOS sources suggests that nitric

oxide (NO) availability, which is usually reduced by conventional surgical

- preparation, may be improved using the "no-touch” technique and that the NO

pathway contributes to the improved results of SV harvested by this technigue.

During surgery and in the immediate postoperative period, venospasm is often
encountered and NO donors have been shown to reduce venospasm via their
vasodilator action (18). Preservation of adequate

endogenous NO may provide protection against venospasm; indeed no signifi-
cant venospasm occurs intraoperatively using the "no-touch” technique, abol-
ishing the need for distension and any resuitant vascular damage. This protec-
tive mechanism may be maintained during the early postoperative period and
counteract any effects of endogenous vasoconstrictors to which the vein graft
is highly sensitive [18].

The early patency rate of SV harvested with surrounding tissue is very high
[19], even in SV grafts demonstrating low blood flow (Fig 2). Such a high
patency rate has not been demonstrated when using other harvesting tech-
niques. Furthermore, the preliminary results of the iong term angiographic
follow up, which will be reported in the near future, has also shown a high
patency rate for the SV grafts that were prepared with the “no touch” technique.

Fig. 2: A *No-touch” graft anastomosed to a small
size coronary artery.

Fig. 3: Excessively long ”no-tbuch” graft without
kinking.

When the vein is stripped from its sumounding
tissue, the accurate adjustment of the length of the
graft is an important technical aspect as kinking will
certainly occur if the graft is too long. Many tech-
niques have been applied for dealing with aorto-
coronary graft length to prevent kinks and twists in
the grafts [20). The preservation of the sumounding
tissue when using the NT technique protects the
vein graft and prevents the occurrence of such
complications (Fig. 3).

In conclusion, the technique of harvesting the SV
has a great influence on the fate of the venous graft
and our study was based on a novel harvesting
technique of SV preparation for CABG whereby the
vein is protected by its cushion of surrounding
tissue. The adventitial layer and the structures
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contained within the cushion of surrounding fissue possess both
mechanical and functional properties that protect the vein from
spasm and ischemia. Endothelial integrity remained intact when
using the "no-touch” techniqus. NOS activity was also preserved

on the endothelium and on both neuronal and adventitial mi- -

crovessel sources, suggesting that these grafts retain NO avail-
ability. The vasorelaxant and-thromboresistant activities of NO
may be responsible for the reduced venospasm and observed
improved patency rates associated with the “no-touch” technique.
In addition, the surrounding tissue supports excessively long vein
grafts and prevents them from kinking.

Our results suggest that the “no touch” technique for harvesting
the SV for CABG could be an additional strategy to improve both
the short and the long-term patency rate of the venous graft.
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Abstract

Although the saphenous vein is the most commonly used vessel for coronary artery disease graft fail-
ure is high. During harvesting this vein is exposed to considerable damage due to surgical trauma and
high pressure distension. There is evidence of increased graft patency in veins that have been pre-
pared using atraumatic surgery and that this improvement is mainly associated with the preservation of
structures that are removed, or damaged, during conventional surgery. In this review we consider the
importance of the endothelium and the tunica adventitia on the performance of saphenous veins used

as coronary artery bypass grafts.

Introduction -

Over the last 30 years coronary artery bypass surgery (CABG)
has become a well-established means of revascularization in
patients with coronary artery disease. The use of autologous
grafts eliminates tissue rejection problems and the need of tissue
typing and matching. The saphenous vein, in particular, has sev-
eral practical advantages: it is expendable since lower limb ve-
nous drainage can rely solely on the deep venous system; its
long length allows its use for multiple grafts and its superficial
position renders it easily accessible, facilitating its exposure and
harvest. The long saphenous vein has been the vessel of choice
for autologous vein graft since its use was first described by
Favaloro in 1969 [1] and is the most commonly used conduit in
CABG in patients with coronary artery disease. Patency rates of
venous conduits are generally poor, compared with those of arte-
rial grafts such as the inteal mammary, gastroepiploic and ra-
dial arteries, with early signs of graft occlusion appearing within
months. However, suitable arterial conduits are not always avail-
able and the saphenous vein remains a commonly used conduit
for CABG.

In this review the potential role of the adventitia and its associ-
ated structures on vein graft occlusion is considered and how
their preservation during the surgical preparation and harvesting
of veins may affect graft patency.

Pathophysiology of vein graft failure

Early vein graft failure occurs in up to 18% of saphenous vein
grafts within the first month of implantation, and this is mainly due
to thrombotic occlusion [2,3).- Within the first year up to 30%
coronary saphenous vein grafts occlude, with subsequent occlu-
sion rates of 2-3% per year [4,5]. At ten years, graft occlusion

rates are more than 50% with the remaining patent grafts fre-
quently showing angiographic lumenal imegularity or narrowing
(see Fig. 1).

During vein harvest, a considerable degree of vascular trauma
occurs, with consequent damage to the vessel wall (tunica me-
dia) and surrounding tissue (including the tunica adventitia). It
has been suggested that vein graft occlusion may be largely due
to the endothelial damage encountered during harvesting and
clinical evidence and data from animal studies suggest that re-
duced graft patency is associated with endothelial damage and/or
dysfunction. Recently, new observations indicate that adventitial
remodelling and subsequent effects on microvessels (vasa
vasorum) and vascular nerves may also be important in the
pathophysiology of vein graft narrowing and occlusion.

Animal models of vein graft surgery have been used in an at-
tempt to overcome certain problems encountered in patients
following CABG. Experimental vein grafts in large animals have
been developed such as the porcine carotid artery-saphenous
vein, interposition graft [6] and the canine femoral artery-internal
jugular vein interposition graft {7]. Although such models may be
relevant to the clinical situation, since the general anatomy and
vascular histology of these species are close to those described
in man, it is difficult to mimic the underlying lipid abnormalities
and atherosclerotic vascular disease observed in humans, which
contribute fo vein graft occlusion. Another potential limitation of
these models is that the type of graft and technique used are not
the same as that used in man. For example, in the saphenous
vein to carotid artery interposition graft model, the carotid artery
does not have the same characteristics as the coronary arteries,
which are exposed to quite different haemodynamic conditions
following bypass surgery. This model generally uses end-to-end
anastomoses that may not be a suitable model for the end-to-
side anastomoses used in man.
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Fig. 1: Different stages of vascular remodelling after vein graft surgery

1a. At day zero there may appear a few nests of smooth muscle cells within the intima and some degree of medial fibrosis may be
present. The lumenal endothelium will be continuous and the lumen patent. ’

1b.  Up to 1 week following graft implantation the surgical preparation during vesse! harvesting results in endothelial injury and denu-
dation. Subsequent thrombus formation occurs at regions where the intima is exposed. Adhesion of neutrophils and monocytes
leads to the release of a range of factors that can stimulate smooth muscle cell proliferation and migration.

1c. Between 1 week and 1 month medial thickening occurs as a results from VSMC proliferation. VSMCs also migrate through the
internal elastic lamina and this leads to neointimal formation (independent of endothelial damage). Macrophages may appear

within the neointima.

1d. Between 1 month and 3 years typical atheromatous lesions may appear which are rich in foam cells and smooth muscle cells

(characteristic of early atherosclerotic plaque formation).

1e. Beyond 3 years progressive intimal thickening occurs with formation of superimposed atheromatous plaques, resulting in narrow-
ing of the lumen. Plaque rupture may occur, leading to thrombotic graft occlusion. -

{(modified from Jeremy and Dashwood [27]).

Despite these limitations many of the models may still be useful
in so far as the grafts exhibit many of the morphological changes
seen in human vein graft failure and that surgical/pharmaco-
logical interventions may be studied over relatively short time
periods.

Coronary Artery Bypass Surgery (CABG)

During conventional surgical preparation of the saphenous vein
for grafting, the perivascular tissue is stripped from the vein re-
sulting in venospasm that is overcome by distention with saline at
pressures of up to 600mm Hg. This procedure results in signifi-
cant denudation of the endothelium with subsequent effects on
vascular reactivity, thrombus formation, cell proliferation [8,9] and
damage to the media [10]. Whilst it is now recognised that careful
handling to reduce vascular trauma is important during vein har-
vesting, adventitial damage stilt occurs due to the stripping of the
perivascular tissue. This could significantly contribute to graft
occlusion since the adventitia contains the majority of vascular
nerves and the vasa vasorum, a microvesse! network that pro-
vides the vessel wall with oxygen and nutrients. There is also
recent evidence that vein graft adventitial mass is increased,
mainly due to the proliferation of fibroblasts and it has been sug
gested that these fibroblasts from the adventitia are the progeny-

In CABG, the imporiance of atraumatic preparation of the
saphenous vein has been recognised for many years. Different
‘atraumatic’ or 'no-touch’ techniques have been described to
minimize vein graft damage [13]. These generally aim to reduce
or avoid direct instrumentation of the vein during harvesting. As

mentioned above, venospasm is common following dissection
and isolation of the vein and is overcome by hydraulic distension.
Various pharmacological agents have been used topically or
intraluminally to reduce venospasm [14]. Papaverine in electro-
lyte solution or in blood or albumin [15] and glyceryl trinitrate-
verapamil solution {16] have been found to reduce the pressures
required to overcome spasm during vein harvesting. The har-
vested vein is generally stored in colloidal and/or vasodilating
solutions with storage time kept to a minimum.

Recently a novel ‘no-touch’ technique for vein harvesting has
been described where the saphenous vein is harvested together
with a cushion of surrounding tissue, with minimal handling of the
vessel [17]. Apart from avoiding direct instrumentation of the vein
as in earlier jpo-touch’ techniques, Souza's technique also pre-

- serves the perivascular tissue. Interestingly, no significant veno-

spasm is encountered using this technique and therefore, no
mechanical distension or pharmacological vasodilators are re-
quired. Using this technique a graft patency rate of 95% was
found on angiographic follow-up at 18 months [18]. Although the

patient ﬁlumbers were small, these pilot results are encouraging
when compared to patency rates reported for current methods of
surgery. Souza's technique has several potential advantages that
could impact favourably on graft patency. Scanning electron mi-
croscopy has demonstrated improved endothelial integrity of
grafts harvested by this technique compared with those har-
vested conventionally [19]. It is also possible that the surrounding
tissue that remains in place using this technique acts to reduce
the effects of pulsatile pressure and shear flow once the vein is
subjected to coronary arterial conditions. Another potential ad-
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vantage of this new no-touch technique is the preservation of the
adventitia that would generally be damaged or removed during
conventional harvesting of the saphenous vein. There is also
evidence that distension of the saphenous vein required by con-
ventional techniques to overcome spasm causes endothelial
denudation and damage with associated loss of endothelial nitric
oxide synthase (eNOS) [20]. This is obviated using Souza's ap-
proach since venospasm is not observed. eNOS is also located
within the adventitia of ‘no-touch’ vein grafts and is associated
with microvessels (vasa vasorum) and nerves [21]. Preservation
of these microvascular and neuronal sources of nitric oxide (NO)
in the native vessel, which are destroyed during conventional
vein harvesting, may contribute to improved graft patency.

Tunica adventitia in veins

The tunica adventitia is the outermost layer of blood vessels and
is usually removed during conventional harvesting of saphenous
veins for use as bypass conduits. It is composed of longitudinally
arranged collagenous tissue and elastic fibres. The connective
tissue elements gradually merge with the loose connective tissue
surrounding the vessel. The adventitia is relatively thin in most
arterial vessels, but much thicker in venules and veins.

Large and medium veins are comprised of three layers, the tu-
nica intima, tunica media and tunica adventitia. In large veins the
adventitia is the thickest layer of the vessel wall. In medium veins
such as the saphenous vein, the adventitia is usually thicker than
the tunica media and consists of longitudinally oriented bundles
of smooth muscle cells, collagen fibres and networks of efastin
fibres. Also within the adventitia of medium and large veins are
fibroblasts, macrophages and unmyelinated nerves.

Veins are also supplied by a more extensive vasa vasorum than
arteries. The vasa vasorum represent a network of adventitial
microvessels that are responsible for providing oxygen and nutri-
ents to the wall of large arteries and veins. In particular, venous
blood is poorly oxygenated, therefore the vasa vasorum is impor-
tant in supplying the oxygen requirements of the cells of the ve-
nous wall. Since venous pressure is low, the vasa vasorum can
approach the intimal layer without being coliapsed by the. pres-
sure within the vein. The vasa vasorum of veins penetrate much

closer to the intima than the vasa vasorum of giteries and this is

particularly evident in‘the saphenous vein [22]. -

Potential role of adventitial structures in vein graft occlu: -

sion.

Vasa vasorum: The vasa vasorum has been shown to be asso-
ciated with the fong-term development of neointimal hyperplasia
in vein grafts [23] and also with wound healing around saphenous
vein grafts [24]. Damage to vasa vasorum in vein grafts may
result in vessel wall hypoxia with subsequent necintima forma-
tion, similar to the observation in arteries where occlusion of vasa
vasorum led to neointima formation and atherosclerosis [25,26].

Adventitial nerves: The vascular nerves located within the tunica
adventitia of blood vessels are disrupted during bypass surgery.
The innervation of veins differs from that of arteries, consequently
there will be major differences between the saphenous vein graft
and the host artery with respect to neurogenic factors [27,28).

Arteries remain under a degree of vascular tone that is influenced
by the autonomic nervous system. Apart from classical com-
pounds, such as acetyicholine, noradrenaline and 5-hydroxytryp-
tamine, there is an increasing list of vasoactive transmitters in-
cluding NO, canabinnoids and peptides such as substance P,
vasoactive intestinal polypeptide and calcitonin gene-related
peptide which affect vasomotor tone of arteries and veins.

The (autonomic) vascular nerves within the adventitia penetrate
the adjacent tunica media to release neurotransmitters that can
regulate vasomotor tone. Apart from their vasoactive properties
many neurotransmitters are pro-mitogenic for vascular smooth
muscle (e.g. noradrenaline and 5-hydroxytryptamine) and also
have trophic actions on nerves [29,30]. The potential for certain
neurotransmitters to play a trophic role in necintimal hyperplasia
has been reinforced using animal models and phamacological
intervention. For example, a reduction in [3H]-thymidine incorpo-
ration (a measure of cell proliferation) in the ear artery of young
rabbits has been reported following sympathetic denervation [31]
and alpha-adrenoceptor antagonists have been shown to inhibit
neointima formaticn induced by vascular injury [32].

Adventitial fibroblasts: It has been suggested that adventitial
fibroblasts are involved in neointimal formation and vessel occlu-
sion [11,33]. There is evidence for adventitial remodelling follow-
ing vascular damage, such as that caused during vein graft sur-
gery. An increase in adventitial mass, due principally to the prolif-
eration of fibroblasts has been described. More recently, it has
been suggested that (myo)fibroblasts from the adventitia are the
progenitors of the neointima [33]. The neointima may then pro-
gress, resulting in atherosclerotic changes in the vein wall, caus-
ing the neointima to be called “soil for atheroma” [34].

Conclusions

C]early pfévention is better than cure. Early identification of pa-
tients with atherosclerotic risk factors and aggressive modification
of these risk factors are important in the management of athero-

- sclerotic vascular diseases. Bypass surgery, when required for

established disease, is hampered by a high incidence of vein
graft faflure. New strategies are being introduced, with early data
suggesting that improved patency rates are possible. These in-
clude the use of adjuvant phammacological agents and local gene
transfer- strategies. However, the most promising advances may
be accomplished by the modification of vein harvesting tech-
niques, particularly those aiming to reduce the degree of surgical
trauma.
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Abstract

This study demonstrates an association of perivascular nerves with immunoreactive endothelin-1 (ET-
1) in the middle cerebral artery (MCA) of a subject who suffered muitiple system atrophy (MSA) with
autonomic failure. Finding of ET-1-positive Schwann cells embracing perivascular nerve varicosities
suggests that ET-1 from Schwann cells may be implicated in autonomic failure in MSA.

Introduction

Degeneration of the nervous system, and autonomic dysfunction
are the general characteristics of MSA [1-8]. We have previously
reported several locations of ET-1 in the wall of human MCA in
MSA {9]. This study showed that immunoreactive ET-1 was de-
tected in the endothelium, vascular smooth muscle, and macro-
phages as well as in perivascular axon varicosities at the adventi-
tial-medial border. These findings suggest a major role for ET-1
in MCA in MSA [9]. In non-diseased human MCA, immunoreac-
tive ET-1 has previously been revealed in the endothelium and
the perivascular autonomic nerves/axons [10, 11]. The present
report provides further finding of a relationship between ET-1 and
cerebrovascular autonomic nerves in the MCA in a MSA case
with autonomic failure.

Material and Methods

An autopsy specimen (19 hours delay) of the left middle segment
of MCA from a 63 year-old male suffering from MSA was exam-
ined. (For more details see [3]). Family consent (donation to the
Queen Square Brain Bank for Neurological Disorders, Institute of
Neurology, University College London), and ethical approval
were obtained for this study. The subject was diagnosed as hav-
ing MSA with autonomic failure 6 years before death, showing
postural hypotension, which was symptomatic and worsening
considerably in the last few months of life. 12 months before
death he developed generalised ‘slurring’ of speech, bradykine-
sia, tremor, unsteadiness of walking and frequent episodes of
central apnoea. The patient was taking L-DOPA and ephedrine

daily within the last month of life. The patient died of respiratory
failure. Histopathology examination confirmed the diagnosis of
MSA, e.g. severe loss of neurones of the substantia nigra in
combination with the presence of typical glial a-synuclein-
positive cytoplasmic inclusions (GCls).

Electron-immunocytochemistry

For a detailed description of methods see [9]. In brief, the dis-
sected out MCA (left middle segment) was fixed in 4% parafor-
maldehyde and 0.2% glutaraldehyde, washed in 0.1M phosphate
buffer, infiltrated with 10-20% sucrose, rapidly frozen at -80°C,
and cryostat cross-sectioned at 50pum. Sections were processed
for the pre-embedding ExtrAvidin electron-immunocytochemical
method. Main steps of the procedure included: (i) incubation in
10% normal horse serum (Jackson !mmunoResearch Laborato-
ries, West-Grave, PA, USA), (ii) incubation in mouse monoclonal
antibody against human ET-1 (diluted 1:500 = 2ug/mi), (jii) incu-
bation in a biotin-conjugated donkey anti-mouse IgG serum
(Jackson ImmunoResearch; diluted 1:500), (iv) incubation in
ExtrAvidin-horseradish peroxidase conjugate (Sigma, Poole, UK;
diluted 1:1500), (v) exposure to 3,3'-diaminobenzidine (Sigma,
Dorsét, UK) and H202, (vi) exposure to 1% osmium tetroxide, (vii)
dehydration in ethanol and propylene oxide, and (viii) flat embed-
ding in Araldite and polymerisation. Ultrathin sections were
stained with uranyl acetate and lead citrate, and subsequently
examined using a JEOL-1010 transmission electron microscope.
Controls: the mouse monoclonal ET-1 antibody (MCE-6901-01;
the antibody highly specific for human ET-1) used in the present
study, was manufactured and characterised by Peninsula Labo-
ratories (Bachem UK Limited, St Helens, UK).
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Fig. 1(a-b). ET-1 in perivascular nerves and Schwann cells in adventitia of MCA in a case of MSA with autonomic failure. (a)
Note immunoreactivity (‘blackish’ stain) for ET-1 in an axon varicosity (arrow) containing synaptic vesicles; Schwann cell (Sch) is immu-
nonegative. Swollen axon profiles (Ax) displaying ‘light' axoplasm scarce in synaptic vesicles are also seen. x 30,000. (b) Note that im-
munoreactivity for ET-1 is localised in a Schwann cell (Sch) embracing axon varicosities (asterisks); the varicosities are mostly immu-
nonegative and display variety of synaptic vesicles (sv) and mitochondria (m); some labelling over varicosities is likely to belong to the

immunoreactive Schwann cell; col=collagen. x 32,500.

Results

Ultrastructural examination of the adventitial-media border of
MCA showed the presence of perivascular autonomic nerve pro-
files and the associated immunoreactivity for ET-1. immunoreac-
tivity for ET-1 was localised in some axon profiles (Fig. 1a) and
Schwann cells (Fig. 1b). ET-1-positive Schwann cells were
closely associated with ET-1-negative axon varicosities (Fig. 1b).

Discussion

We showed that some of the adventitial Schwann cells of human
MCA in MSA with autonomic failure immunoreact with a mono-
clonal antibody to human ET-1. Association of the ET-1-positive
Schwann cells with ET-1-negative axon varicosities has been
observed. The present study raises questions as to the nature of
the relationship between ET-1, Schwann cell, nerve varicosity,
and MSA.

Studies in vivo showed that ET-1 is implicated in the regulation of
phenotype and proliferation of Schwann cells, suggesting an
important role for ET-1 during nerve development and degenera-
tion/regeneration {12, 13]. The regulation of Schwann cells prolif-
eration and morphology is critical to nerve homeostasis [13]. The
possibility cannot be excluded that during MSA this homeostasis

is disturbed e.g. by ET-1 action deriving from Schwann cells.
According to Pomonis et al. [14] there is a link between ET-1,

Schwann cells and nociception in peripheral nerves; endotheling
(ETs) may have direct, nociceptive effects on the peripheral sen-
sory nerves, whilst Schwann cells may be directly involved in
signalling nociceptive events in peripheral tissues. On the other
hand, ET-1 can promote the survival and differentiation of post-
ganglionic sympathetic neurones, and can aliso both stimulate or
inhibit the release of neurotransmitter(s) from postganglionic
sympathetic neurones [15]. It has been found that the autonomic
functions, at least of sympathetic nerves, may be preserved in
MSA, but these nerves are not modulated efficiently [16].
Whether ET-1 deriving from Schwann cells influences nerve
modulation in MSA is unknown at this stage.

ETs act in peripheral nerves and the ETa and ETs receptors are
present on Schwann cells and neurones [14, 17, 18]. ETs recep-
tors are prevalent on Schwann cells, and can be coupled to
phospholipase C and adenylyl cyclase [17]. Studies on diabetic
neuropathy strongly support a view of the regulatory role of ETs
in nerve physiology associated with proliferation and phenotype
of Schwann cells [19]. This is in agreement with the fact that
Schwann cells signal not only to themselves but also to the other
cellular components within the nerve, particularly during nerve
development [20].
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A body of data has been collected on the oligodendrocytes and
myalinated nerve fibres in the brain in MSA cases {see 5], whilst
we know little about Schwann cells and ET-1 in autonomic nerves
in MSA. Here we suggest that Schwann cells of cerebrovascular
autonomic nerves may elaborate ET-1, which is likely to influence
the autonomic function in MSA. Whether the ET-1 plays a benefi-
cial or ‘damaging’ role needs to be determined. In this context,
we are now examining more MSA cases in more detail.
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Abstract

Male Wistar-imamichi rats were used for light and electron microscopic study. Prior to the appear-
ance of the pars tuberalis (PT), a small cluster of arteries was found in the area where the gland
would appear, while an array of capillaries was noted at the bottom of the median eminence (ME).
The epithelial structure comprising the PT was first observed along with slender arteries approxi-
mately 1mm behind the optic chiasm on both sides of the ME. Although numerous thin capillaries
were present in the hypothalamus, thick capillaries {thought to be portal vessels) showed unusually
large luminal diameters and were noted attached to the ME, slightly posterior to the PT. In all
specimens serially sectioned in the frontal plane, veins were not detected on either the ME or the pi-
tuitary stalk, nor was smooth muscle present in the wall of the thick capillaries. Where the pars tu-
beralis and the anterior lobe adjoined, clusters of agranular and a few granular cells were noted
along with several thick capillaries located on the ventral side of the pituitary. Ultrastructurally, nu-
merous capillaries, which were categorized into two groups, were observed between the agranular
cells in the PT. One was thin-walled and randomly arranged while the other was thick-walled and
contained fenestrations. At the inter-capillary space, connective tissue and interstitial cells were
observed. In the PT, bundies of the neuroendocrine fibers, which contained many electron dense
granules and mitochondria, were frequent around the capiliaries. The cytoarchitecture of the portal
vessels and their functional role are discussed in relation to that previously reported.

Introduction

Since the discovery of hypophyseal portal vessels by Popa and
Fielding [1], their light and electron microscopic structure along
with their function have been studied [2-5]. Ultrastructure of the
vessels showed that a portion of the portal trunks was catego-
rized as capillaries even though it had been accepted that these
trunks were previously identified as ‘veins’. On the other hand,
the cast method combined with scanning electron microscopy
{SEM) was employed to view the portal vasculature [3,4,6]. Only
Satoh et al. [4] proposed that a part of the ‘veins' were actually
sinusoidal capillaries containing fenestrations. Concern was ex-

pressed that neither the cast SEM method nor transmission elec-
tron microscopy was suitable to observe the intemal structure of
the vessel walls. The present study uses serial sections in both
the frontal and sagittal planes to study the ‘venous' structures at
the light microscopic level and electron microscopy as a means
to exarnine the primary and secondary portal plexus areas.

Materials and Methods

Ten, 50 day-old intact male Wistar-Imamichi rats were used in
this study and were separated into two groups. Five animals
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were employed for fight microscopic and the others for electron
microscopic analyses. All were treated according to "The Guide-
lines for Animal Experimentation™ of the Experimental Animal
Science Center of the Nagoya City University and sacrificed un-
der deep anesthetized with Nembutal (sodium pentobarbital).

For the light microscopic observations, pituitary glands with the
median eminence area, the optic nerves, and trigeminal nerves
attached were fixed overnight at 4°C in Bouin's solution without
acetic acid, dehydrated in an ethano! series and embedded in
Paraplast embedding media {Sigma Chem. Co, St. Louis, MO,
USA). Five pm thick sections were prepared in either the frontal
or sagittal plane, mounted onto poly-L-lysine-coated glass slides
and stained with hematoxylin and eosin (H&E). With the frontal,
-serial sections, a base line for onset of the observations was
established as the point where the optic chiasm separated into
the two optic nerves, while for the sagittal, serial sections, the
base line from which the studies began was where the third ven-
tricle was determined to be at its widest point.

For electron microscopic analyses, the animals were fixed by
perfusion through the left ventricle of the heart for 10 min. with a
fixative containing 2.5% glutaraldehyde and 2% sucrose buffered
with 0.05M sodium cacodylate (pH 7.4). After perfusion, the pars
tuberalis, the transitional zone of pars tuberalis, and the front half
of the pituitary gland together with the hypothalamus were re-
moved from the animals. Each specimen was then sectioned
approximately 2mm in thickness along the sagittal center (SC)
and refixed for an additional 20 min in the same fixative as used
for perfusion. The specimens were then washed for half an hour
with the same buffer solution used for fixation and postfixed for
two hours with a 1% osmium tetroxide fixative containing 2%
sucrose, buffered with 0.05M sodium cacodylate (pH 7.4). After
postfixation, the tissues were subsequently dehydrated in a
graded series of ethanol for 10 min. each, immersed twice in
propylene oxide for 15 min. and embedded in epoxy resin [7].
Thin sections were then prepared paralle! to the sagittal plane at
7 levels in increments of 50pm approximately 300um from the SC
and placed onto copper grids. All specimens were then stained
with uranyl acetate and lead citrate and observed using a Hitachi
H-7000 transmission electron microscope.

in identifying the vessels under study as capillaries rather than
veins, an analysis was first made at the light microscopic level. It
was found using serial sections that all vessels encountered con-
sisted only of endothelial cells and pericytes through out their
entire length. These observations were confirmed by ultrastruc-
tural analysis; additionally, the endothelial cells displayed fenes-
trations which are characteristic of capillaries.

Results

The median eminence was initially observed on the frontal, serial
sections as a small protrusion of the floor of the third ventricle;
numerous capillaries as well as one or two arteries were present
adjacent to the protrusion (Fig 1a). A small glandular structure
was observed on both sides of the median eminence approxima-

tely 1.5mm behind the optic chiasm. Prior to the appearance of
the tips of the pars tuberalis, a small cluster of arteries was noted
in the area where the tips were to first appear (Fig 1b). At this
point, an array of capillaries appeared at the bottom of the me-
dian eminence of the dienceplalon; however; no capillary blood
vessels of the so-called primary plexus of the hypophyseal portal
vessels system were present (Fig. 1b). The ends of the epithelial .
structure of the pars tuberalis of the pituitary gland and slender
arteries were first observed on both sides of the median emi-
nence at approximately 1mm (200 sections) behind the optic
chiasm (Fig. 1b).

Although numerous thin capillaries (approximately 30ym in di-
ameter) were observed in the hypothalamus (Fig. 1c), thick capil-
lary blood vessels (200pm or more in diameter) were attached to
the median eminence, slightly behind the pars tuberalis (Fig. 1d).
The latter along with the ends of the pars tuberalis then spread
and intermingled over the median eminence (Fig. 1d); however,
they did not enter the pars tuberalis but instead were wrapped
around the gland (Figs. 1d-e). Thick capillaries showed an un-
usually large luminal diameter (approximately 200um) compared
to that of typical capillaries (30um) and their number increased.
Small arteries were observed throughout the course of the hy-
pophyseal portal vessel system. At the point where the pituitary
stalk separated from the median eminence, thick capillaries com-

‘pletely covered the adjacent pars tuberalis (Fig. 1e). As noted

below, observations using sagittal sections confirmed these find-
ing. It was particularly important to note that in all frontal serial
sections, veins could not be observed in either the median emi-
nence or the pituitary stalk (Fig. 1). It was interesting that the
pars tuberalis did not completely encircled the pituitary stalk in
any frontal plane, while within the brain and the stalk, a small
amount of connective tissue and only a few arteries and capillar-
ies were noted (Fig. 1e).

Large numbers of agranular, folliculo-stellate cells interposed by
a few granular cells and numerous capillaries were identified by
electron microscopy within the pars tuberalis (Fig. 4a). The capil-
laries were separated into two groups. One was composed of
randomly arranged thin vessels located ventral to the stalk or to
the floor of the third ventricle. The other, thick-walled capillaries,
ran along a longitudinal axis between the pars tuberalis (Fig. 4a)
and correspond to those seen in the frontal sections (Figs. 1d-e).
On detailed observation, it appeared as though the thin capillar-
ies flowed into the thick (Fig. 4a). Pericytes were associated with
the latter but did not always completely encircled them; they were
infrequently present around the thin capillaries (Fig. 4a). Next to
the hypothalamus, thin capillaries within a small pericapiliary
space directly faced neuroendocrine fibers (Fig 4b). Fenestra-
tions were more frequent on the dorsal (upper) as compared to
the ventral (lower) side of the capillaries (Fig. 4a). At the inter-
capillary space, arrays of so-called pericapillary connective tissue
or interstitial cells were present but were discontinuous (Fig. 4a).
Bundies of neuroendocrine fibers containing dense granules and
mitochondria were frequent around capillaries within the peri-
capillary space (Fig. 5a) and in the agranular cells of the pars
tuberalis (Fig. 5b). Nonmyelinated nerve fibers were also present
and fibroblasts were distributed around the bundles (Fig. 5b).
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Fig. 1a: Frontal sections illustrating the optic (ON) and trigeminal nerves (NT). At beginning of the median eminence, a tiny protrusion
on the floor of the third ventricle is present and shown as an enlargement in the inset. Inset: The protrusion contained numerous arrays
of capillaries (arrowheads). Nearby, a few arteries considered fo be the arteria hypophysis superior are clearly observed (arrow). il
Third ventricle, IC: Arteria carotis infema. X 30 inset X50

Fig. 1b: Slightly posterior to figure 1a, the protrusion becomes more apparent and the capillaries in the protrusion are in a regular order
as they outline the median eminence. Glandular structures of the pars tuberalis are not observed and as noted in the inset, arteries
present in figure 1a are again evident invading the median eminence (arrow). Amowheads indicate capillaries in the median eminence.
X 40 Inset X 60

Fig. 1c: Glandular structures are clearly observed beside both margins of the median eminence. Many capillaries are set within the
median eminence beside the glandular structures. The glandular structures are tips of the pars tuberalis. Respective insets show
enlargements of the rectangle. Glandular structures (arrows) surrounded by capillaries (arrowheads) are clear. X 40 Inset X 80

Fig. 1d: The pars tuberalis covers the median eminence in between which lie thick capillaries (arrows). Note no veins are observed. X
40

Fig. 1e: Numerous thick capillaries (arrows) are-found on the ventral side of the infundibular stalk (IF). The pars tuberalis did not com-
pletely encircled the stalk and is not present on the dorsal side where a few connective tissue fibers and capillaries (arowheads) can be
found. X 80
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Fig. 2: Sagittal sections of the pituitary gland, infundibular stalk and brain. Ill: Third ventricle, IF: Infundibular stalk, PT: Pars tuberalis.
Figure 2a: Midsagittal section. The third ventricle is relatively wide and the pituitary gland with its infundibular stalk are clearly observed.
Arrows indicated that no glandular structures are observed in the infundibular fold. The inset illustrates the demarcated rectangle. The
glandular structure of the pars tuberalis on the ventral side of the brain suddenly disappeared (arrowhead) where thick capillaries (aster-
isk) are found. X 30 Inset X60 )
Figures 2b and c: This section was taken approximately 200um from the sagittal center. The third ventricle narrows and in the fold of
the infundibular stalk, glandular structures of the pars tuberalis are clearly observed (arrows in Figs. 2b-c). In the stalk, small capillaries,

an artery (A) and pituicytes (arrowheads) are present (Fig. 2c). b: X100 c¢: X 300
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Fig. 3: The sections are approximately at the level of the sagittal center. Thick-walled blood vessels (asterisks) were observed on the
ventral surface of the pars tuberalis. PD: Anterior lobe (Pars distalis),:Pl: Intermediate lobe (Pars intermedia), PN: Posterior lobe (Pars
nervosa), PT: Pars tuberalis, IF: Infundibular stalk, RR: Rathke's residual pouch, III: Third ventricle.

Fig. 3a and b: The rectangular part of Fig. 3a is enlarged in Fig. 3b. On the wall of the vessels, pericytes (black arrowheads) are ob-
served but smooth muscle cells are absent. This absence of smooth muscle indicates that the vessels are capillaries. No pars tuberalis
tissue is seen covering the capillary wall (black arrows). The capillaries are distributed along the ventral side of the anterior pituitary
(white arrowheads in Fig. 3b). On the dorsal surface, both thick-walled and thin capillaries are numerous in the stalk (IF). a: X100: b:
X250

Figure 3c: At the transitional zone between the anterior lobe and the pars tuberalis, clusters of agranular cells (white arrowheads, also
see Fig. 3b) with few granular cells are observed on the ventral sides of the pars tuberalis and the anterior pituitary. Note no veins are
present. X250
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Fig 4: Electron micrographs of thick-walled capillaries on the ventral side of the pars tuberalis and anterior lobe.

Figure 4a: Insets a and b correspond to the respective rectangles (a dorsal and b ventral part). The pars tuberalis consists of a large
number of agranular folliculo-stellate and a few granular cells (PT). Between the pars tuberalis and the pituitary stalk, numerous ran-
domly arranged thin capillaries and longitudinally arranged thick-walled capillaries are observed. The latter correspond fo the thick-
walled capillaries shown in Fig. 1. Between the thick-walled capillaries (asterisk), tissues of the pars tuberalis (PT) are located. These
vessels are encircled not only by smooth muscle but also by pericytes ( white arrows) and collagen. The capillary walls differed with their
position. Some are approximately 60nm in diameter (inset a) and their endothelial cells had numerous fenestrations. Others (inset b)
showed fewer fenestrations and were thicker walled. The thin capillaries flowed into those that were thick-walled (arrowhead). A dis-
continuous distribution of the array of pericapillary connective tissue is observed between the capillaries (thick arrows). X 1,400: inset a:
X 10,000: inset b:X 14,500

Fig. 4b: Along the upper side of the thin capillaries facing towards the neuroendocrine elements, no pericapiliary tissue is present (ar-

rows). In contrast, a wide pericapillary space with pericytes and collagen fibers is apparent around the thick capillary (asterisk). Note

around the thin capillaries, a few pericytes are present. X7, 000
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Fig. 5a: In the pericapillary spaces indicated by the thick arrows in Fig. 4a, a bundle of the neuroendocrine fibers is found. Within the
bundle, profiles of non-myelinated neurons containing electron dense granules and elongated mitochondria can be seen (asterisks).

X15,000

Discussion

Since the discovery of hypophyseal portal vessels by Popa and
Fielding {1], these structures and their function have been studied
by both light and electron microscopy [2-4]. It had been accepted
that the vascular system was composed of a primary plexus
found in the foremost part of pituitary gland which received the
releasing hormones, a secondary plexus situated within the ante-
rior pituitary gland from which the releasing hormones are dis-
charged, and ‘veins’ which connect the primary and secondly
were actually sinusoidal capillaries with fenestrations. According

To them [4], the portal trunk was 100-150um in length and was
surrounded by flattened pericytes. Concem was expressed that
cast specimens were not suitable to observe the inner structure
of the vessel walls. Also the electron microscopic study did not
allow a complete survey of the tissue. The present study showed
that no venous structures containing smooth muscle were found
in either frontal or sagittal sections taken from the primary to the
secondary plexus areas. Almost all of the portal trunks in the rat
consisted of sinusoidal capillaries. Capillaries of the primary
plexus met and separated to form portal trunks; then, the trunks
entered the anterior pituitary. Trunks which invaded into the an-
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terior gland continued to run down along its ventral side, and then
branched to form the secondary plexus. Along their course,
small capillaries from the hypothalamus joined the trunks even at
the infundibular stalk. It was clear that the trunks may have the
ability to accept certain releasing hormones, because they com-
municated with the pericapillary space via fenestrated endothelial
cells. It was rather interesting that the frequency of fenestrations
and the thickness of the endothelial cells differed depending upon
their location in the trunk. The frequency of the fenestrations was
more conspicuous on the dorsal side where the trunks faced the
hypothalamus or the stalk than on the ventral side. Also the
thickness of the endothelial cells was more evident ventrally than
dorsally.

The present study clearly showed neuroendocrine fibers entering
into the agranular cells of the pars tuberalis which supports our
earlier work [8]. The occurrence of an array of interstitial cells
between the trunks was also shown which may have provided an
avenue for the neuroendocrine fibers to enter the pars tuberalis
and subsequently into the agranular cells.

Recently the pars tuberalis has been described as being associ-
ated with the photoperiodic regufation of the anterior pituitary
hormones via melatonin receptors [9-12]. Although the majority
of previous investigators noted a relationship between LH-RH
fibers and ependymal cell layers or tanycytes of the third ventricle,
they ignored the association between neuroendocrine fibers and
the pars tuberalis.

While there are numerous reports pertaining to the localization,
morphological characteristics, gene expression, and/or regutation
of the gonadal-pituitary axis by LH-RH and LH-RH neurons [13-
24], only Naik [16] observed LH-RH immunoreactivity in the area
around the pituitary gland. According to him, the LH-RH positive
reactions were mainly found near the primary portal plexus, while
some were detected in the pars tuberalis of the rat pituitary gland.

The present results have led us to postulate that two parallel
routes exist for the releasing hormone "message" to reach the
pituitary gland from the hypothalamus. One is the well known
portal vessel system and the other is the network system of fol-
liculo-stellate cells. In the latter system, the LH-RH “message” is
first conducted to the agranular cells that are arranged around
neuroendocrine varicosities in the pars tuberalis. The "message”
can then be transmitted through a network of gap junctions to the
folliculo-stellate cells which then affect the biosynthetic secretory
cycle and release of hormones from secretory cells. Additional
physiological studies are underway to lend further support o this
premise.
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Abstract

Continuous infusion of the pleiotropic cytokine leukaemia inhibitory factor (LIF) inhibits the formation
of fatty streaks and neointimal thickening following vascular injury. LIF also prevents further develop-
ment of pre-formed atheroscierotic lesions where lesion progression is associated with matrix accumu-
fation rather than increased cell number. Since LIF is known to play a role in regulating matrix synthe-

sis and degradation in other cell types, the present study investigated whether LIF inhibits the deposi-
" tion of pro-atherogenic extracellular matrix proteogiycans bigiycan and versican. Possible downstream:
consequences of changes to matrix composition were also investigated.

Rabbit carotid arteries were subjected to balloon catheter injury, and animals immediately placed on a
cholesterol-enriched diet. After 4 weeks, by which time lesions with a fibrous cap overlying a central
core of macrophages had developed, osmotic minipumps were inserted into the peritoneal cavity to de-
liver LIF (30pg/kg/day) or saline for a further 4 weeks. immunohistochemical analysis of the carotid ar-
teries showed that LIF treatment resulted in a marked reduction in versican and biglycan immunostain-
ing, inhibition of vascular cell apoptosis, and a smaller and more compact neointima. LIF also dose-
dependently inhibited VSMC migration in an in vitro scratch wound assay.

These results extend the pleiotropic actions of LIF in the vasculature to include changes to the ex-
tracellular matrix of the vessel wall, and further strengthen the evidence that LIF is an effective anti-

atherogenic / anti restenotic agent.

Introduction

The cytokine leukaemia inhibitory factor (LIF) has a diverse range
of biological effects in a variety of tissue systems, including the
ability to act as an anti-atherogenic/anti-restenotic agent. Previ-
ous studies in our laboratory have shown that LIF decreases
plasma and vessel wall cholesterol and prevents the develop-
ment of a vascular smooth muscle cell (VSMC)-rich neointima
after arterial injury [1]. LIF also retards the progression of pre-
formed atherosclerotic lesions, reducing macrophage infiltration
into fatty streaks, modulating iNOS expression and normalizing
smooth muscle-dependent reactivity {2). However in injured ar-
teries, where lesion progression is associated with matrix accu-
mulation rather than increased cell number, the neointimae of
LIF-treated vessels were more ordered and cell densities were
higher. Since LIF is known to play a role in regufating matrix syn-
thesis and degradation in other cell types [3], we hypothesized
that LIF may act to regulate extracellular matrix synthesis in the
artery wall.

The extracellular mafrix (ECM) proteins of the three layers of a
healthy artery, notably collagen, proteoglycans and elastin, im-
part various properties that promote homeostasis within the ves-
sel wall. Studies in expetimental models of disease, as well as

advanced human disease, have shown that formation of a neoin-
tima is associated with demonstrable changes to the ECM [4,5].
Observed changes include disruption or loss of elastic fibres (6]
coupled with increased expression of collagens IV and VIIi, with
diffuse distribution found in the intimal space both beneath the
endothelium and surrounding VSMC in lesions [7,8]. Changes in
proteoglycan expression also occur in lesions from various
stages of development. In human disease, the sulphated pro-
teoglycans versican, biglycan and decorin are evident in thick-
ened comary arteries [9] and within restenotic lesions (10,115
with the expression of versican in the early lesion and biglycan
predominantly in the more established lesion [12]. Biglycan is
also present within the intermediate and advanced lesions of the
ApoE-/- and LDLR-- genetic mouse models of atherosclerosis
[13]. Decorin is more predominant in macrophage-fich areas and
versican more prevalent in VSMC-rich areas [14].

Changes in expression of ECM components in response to injury
of healthy and diseased arteries are regulated by pro-atherogenic
cytokines such as platelet-derived growth factor [15,16]. These
changes have various pathological consequences. Versican, the
largest of the matrix proteoglycans, is implicated in several
atherogenic . processes [17], including a major contribution to
increased intimal volume due to water binding and space occupy-
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ing properties. Both versican and biglycan co-localize with re-
tained lipoprotein epitopes in human lesions {18} and both are
associated with the retention of atherogenic lipid within the vessel
wall. These proteoglycans also promote the migration and prolif-
eration of VSMC [14,19] and regulate VSMC phenotype and
growth factor availability within the vessel wall [5]. Decorin has
largely been demonstrated to co-localize with transforming
growth factor-B (TGF-B) [14] and to inhibit TGF-B-induced ECM
accumulation in rat glomerulonephritis [20). When VSMC retrovi-
rally transfected with the decorin gene were seeded into balloon
catheter-injured carotid arteries, the resultant neointima was re-
duced in size, more compact, and more fibrous due to increased
collagen | expression and reduced versican and fibronectin pro-
duction {21].

Our previous study, showing that LIF administration to pre-
formed experimental atherosclerotic lesions results in a more
compact neointima with higher cell density [2], led us to hypothe-
sise that LIF may be regulating processes involved in matrix re-
modelling. Given the important role of proteoglycans in regulat-
ing lesion development, the present study investigated the influ-
ence of LIF treatment on versican, biglycan and decorin in a rab-
bit model of atherosclerosis. In addition the effects of LIF on
apoptosis and vascular smooth muscle migration were investi-
gated.

Methods
LIF

Recombinant human LIF (hLIF) was a gift from the Australian
Medical Research and Development (AMRAD) Corp. (Victoria,
Australia).

Animal Studies

Eighteen male 18-week-old New Zealand White rabbits weighing
approximately 2.5 kg were obtained from commercial colonies.
They were caged individually, maintained on a 12-hour day/night
cycle, and fed ad libiftum with standard rabbit chow (with or with-
out 1% cholesterol) and small quantities of fruit and vegetables.

Experimental Protocol

At time 0, six rabbits were placed on normal rabbit chow (un-
treated controls). The remaining 12 rabbits were subjected to
balloon catheter denudation injury of the right carotid artery as
previously described [22] and immediately placed on a 1% cho-
lesterol diet. At 4 weeks, by which time lesions with a central
core of lipid-laden foam cells and a fibrous cap had developed [2]
an Alzet osmotic minipump (Model 2ML4) containing saline or
hLIF was inserted into the peritoneal cavity of each of the 12
rabbits (6/group). The dose of LIF was 30 pg/kg/day for 28 days,
which from earlier studies is known to be effective in lowering
plasma cholesterol and inhibiting the development of fatty lesions
[23]. At the same time, the cholesterol in the chow of these 12
rabbits was reduced to 0.5% as continued consumption of 1%
cholesterol can resuit in liver failure after 3-6 months. After 4
weeks of LIF (or saline) infusion, rabbits were sacrificed with an
overdose of sodium pentobarbitone.

. kit (Chemicon International, Aust).

Immediately following sacrifice, arterial segments were removed
and fixed in 4% paraformaldehyde, and then each piece cut into
four 5.0-mm segments and embedded in paraffin for immuno-
chemistry and TUNEL. Several sections (5 um) were cut at in-
tervals of 500 um, yielding six sampling sites per artery.

The investigation was approved by the University of Queensland
Animal Experimentation Ethics Committee and conforms with the
Guide for the Care and Use of Laboratory Animals published by
the US National Institutes of Health (NIH Publication No 88-23,
revised 1996).

Immunohistochemical staining

Immunostaining was carried out using the DAKO Envision™ rab-
bit HRP [DAB] system. Sections were deparaffinized, then hy-
drated in TBS, incubated with 0.03% peroxidase block for 10 min,
and washed (3 x 5min) in TBS. Sections were incubated for 60
min with the primary antibodies (rabbit anti-human versican,
biglycan or decorin (all 1:500); kind gifts from Dr Larry Fisher at
the NIH, Bethesda, Maryland USA) at room temperature. Follow-
ing incubation, sections were washed in TBS, incubated with
HRP polymer for 30 min, washed again, and antibodies visual-
ised by incubation with DAB solution for 8 min. Sections were
then washed twice in distilled water, counterstained in Haris’
Haematoxylin and rapidly dehydrated and mounted.

Terminal Deoxynucleotidyl Transferase End-Labeling (TUNEL)

After deparaffinization and rehydration, tissue sections were in-
cubated with 3% EDTA to remove all small calcium-containing
vesicles that can be responsible for non-specific binding of nu-
cleotides [24]. Following incubation of tissue with proteinase K
(20 pg/mi), TUNEL analysis was performed using the ApopTag®
The enzyme terminal de-
oxynucleotidyl transferase (TdT), which catalyzes a template-
independent addition of deoxyribonucleotide to 3'-OH ends of
DNA, was used to incorporate digoxigenin-conjugated dUTP to
the ends of DNA fragments. The TUNEL signal was then de-
tected by rhodamine-conjugated anti-digoxigenin antibody. Con-
secutive sections were counter-stained with the nuclear stain
propidium iodide, washed and mounted in gelvatol containing
polyvinylalcohol/glycerol n-propyl gallate (5 mg/ml) as anti-fade
agent and visualised by confocal laser scanning microscopy. For
each artery, a minimum of four sections were examined at high
power and for each section, 400 cells were counted in random
fields. The cells with clear nuclear labelling were defined as
TUNEL positive (TUNEL*) cells. The apoptotic index (Al) was
calculated as percentage of TUNEL* cells using the following
formula: Al = 100 x (No TUNEL* cell nuclei/No of total cell nu-
clei).

Isolation and culture of vascular SMC

Vascular SMC from the aortic media of New Zealand White rab-
bits (9-12 weeks old) were isolated by enzyme digestion [25].
Cells were maintained in Medium 199 (M199; Life Technologies,
Australia) containing 5% FCS (Trace Biosciences, Australia) at
37°C in a humid atmosphere of 4% COz in air. For the experi-
ments described below, cells in primary culture or at passage 2-4
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were seeded at moderate density (4.7x10* celis/em?) into 90 mm
dishes or onto coverslips contained within 24 well plates. Al
experiments were repeated 3 times.

Cell Migration Assay

The effect of LIF on VSMC migration was determined by using a
scratch wound assay. Kabbit aortic VSMC were grown to conflu-
ency in a 24-well dish, serum-starved ovemight, then the cell
monolayer disrupted with a sterile 10 p! pipette tip to create a
cell-free zone. The cells were washed with serum-free medium
to remove non-adherent cells and the wounded monolayer over-
laid with M199 supplemented with 0.05% low melt agarose alone
or containing various concentrations of LIF. At 24, 48 and 72
hours after treatment, cells were visualised on an inverted micro-
scope and photographed with an Olympus digital camera at six
distinct positions. Cell migration was quantified by measuring the
width of the cell-free zone (distance between the edges of the
injured monolayer) and expressing the change as percent recov-
ery (%R). (%R = [1 - (wound distance at T/ wound distance at
To) x 100%, where T; is time (hours) post-injury and Tois immedi-
ately post-injury.)

Results

Effect of LIF on Vascular ECM

A previous study demonstrated that LIF treatment resulted in a
more uniform and densely packed neointima of smaller size [2}.
It was proposed that this may be due to changes in the ECM
composition of the vessel wall. Immunostaining of uninjured con-
trol arteries showed that the proteoglycans versican, biglycan and
decorin were largely absent from the media (data not shown).
However 8 weeks after balloon catheter injury, staining for versi-
can and biglycan was markedly increased in the neointima of the
cholesterol-fed rabbits; decorin staining, aithough detectable, was
much weaker (Fig. 1A-C). The administration of LIF for the final
4 weeks resulted in a marked reduction in the staining of both
versican and biglycan and a more compact neointima (Fig. 1A™
C). In contrast, immunostaining for decorin was pronounced and
distributed uniformly throughout the neointima (Fig. 1C°).

LIF Inhibits Vascular Apoptosis In Vivo

Previous studies have demonstrated the ability of decorin to pro-
mote cell survival in a variety of tissues [26, 27}. Thus the extent
of apoptosis within the vessel wall was investigated by the
TUNEL technique (Fig. 2). Eight weeks after injury, the propor-
tion of apoptotic cells within the neointima of the PBS-treated
control group was 3.09 + 0.52%. In the LIF-treated group the
proportion of apoptotic cells was significantly reduced (0.41 +
0.03%; P<0.05), demonstrating the ability of LIF to act as a sur-
vival factor for vascular cells in vivo.

LIF Retards VSMC Migration

The pro-atherogenic proteoglycans versican and biglycan are
known regulators of VSMC migration [28,29], a key step in the
early stages of atherogenesis [30]. The ability of LIF to retard the
migration of VSMC was investigated in a scratch wound assay.
In the absence of LIF, cells migrated in a time-dependent manner

into the cell-free zone created by disruption of the cell monolayer
with a sterile 10 pl pipette tip. As demonstrated in Fig. 3, VSMC
grown in M199 alone showed significant VSMC migration within
the first 24 hours after wounding (VSMC having migrated 34.5 +
2.1% into the cell-free zone; P<0.001) and after 72 hours (%R =
53.3 + 1.5%, P<0.005). Although the rate of wound closure was
reduced in comparison to cells in medium alone, LIF at a concen-
tration of 10 ng/ml had no significant effect on VSMC migration,
with migration into the cell-free wound evident after 24, 48 and 72
hours (Fig. 3A). However at a concentration of 50 ng/ml, LIF
inhibited VSMC migration, with no significant reduction in the
width of the cell-free zone up to 48 hours. The inhibition of
VSMC migration by 50 ng/ml LIF was observed after 24 (%R =
45 + 3.9%) and 48 hours (%R = 13.8 £ 4.5%), which was no
longer evident after 72 hours (Fig. 3B). LIF at 100 ng/m! was
found to inhibit VSMC migration after 24 (%R = 5.0 + 4.9%) and
48 hours (%R = 7.9 + 3.6%), but not after 72 hours (%R = 32.2 +
1.8%, P<0.001) (Fig. 3C). Similar fo that observed at 10 ng/ml,
LIF at 200 ng/ml did not inhibit VSMC migration at any time-point
investigated. Thus these experiments demonstrate the ability of
LIF to inhibit VSMC migration in a scratch wound assay in both a
dose- and time-dependent fashion.

Discussion

We previously demonstrated that LIF treatment prevents the
progression of pre-existing atherosclerotic lesions in a rabbit
mode! of disease, without reducing cell number [2]. The present
study demonstrates, using the same animal model, a role for LIF
in regulation of extracellular matrix composition, specifically its
ability to inhibit expression of pro-atherogenic proteoglycans ver-
can and biglycan, and promote expression of the anti-atherogenic
decorin within the vessel wall. The ability of LIF to inhibit apop-
tosis within the vessel wall and VSMC migration within an in vitro
wound assay is also demonstrated. The results extend our
knowledge of how LIF acts as an anti-atherogenic/-restenotic
agent, and highlight the potential of LIF as a multi-faceted treat-
ment for vascular disease.

Although the mechanism by which LIF regulates expression of
these proteoglycans was not determined, recent studies in a
model of mesangioproliferative glomerulonephritis suggest that
reduction of biglycan expression is dependent upon nitric oxide
(NO) produced by inducible nitric oxide synthase (iINOS) [31].
Since LIF induces iNOS expression and activity {2, 32] and the
actions of LIF are ameliorated by the NOS inhibitor L-NAME [22]
a simitar mechanism may be acting within the vessel wall in re-
sponse to LIF administration.

The ECM component decorin is thought to possess anti-athero-
genic properties. Evidence for this is provided by the demonstra-
tion that decorin inhibits cell proliferation via the induction of p21,
an inhibitor of cyclin-dependent kinases [33]. Within the vessel
wall, decorin [14] binds TGF-p [34] and interferes with binding to
its cognate receptor; this in turn interferes with the ability of TGF-
B to exert its effects both in vitro and in vivo [35], including the
stimulation of biglycan expression [36] and versican core protein
synthesis [15]. In addition, decorin protein binds C1q, the initial
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% TUNEL Positive

Fig. 1. Expression of ECM components in injured carotid arteries
after 8 weeks cholesterol diet, treated with either saline (A-C) or
LIF (A-C)) for the final 4 weeks. Sections are immunostained for
versican {A and A’), biglycan (B and B') and decorin (C and C).

component in the classical pathway of complement activation and
inhibits the complement cascade [37]. Finally, decorin core pro-
tein binds fibrillar collagen and promotes collagen fibrillogenesis
[38}. Thus the ability of decorin to promote an anti-atherogenic
effect in early vascular lesions is facilitated by its capacity to in-
hibit TGF-B, and consequently reduce both versican and biglycan
expression. The reduced expression of these proteoglycans
would in tum result in reduced retention of atherogenic lipids in
the vessel wall [17]. Asthe lesion develops, the inhibition of cell
proliferation and complement activation would further fimit vascu-
lar hyperplasia. In the advanced lesion it is expected decorin
would facilitate the proper assembly of collagen fibrils and pro-
mote fesion stability by strengthening the connective tissue cap
that contains lipid-rich, rupture-prone wulnerable plaques The
composition of the ECM not only contributes directly to the physi-
cal properties of the vessel wall. -It also regulates vascular cell
responses including survival, miggration and proliferation, all of
which contribute significantly to the structure and functional prop-
erties of the vascular wall [5,17). Thus in addition to alterations in

Fig. 2. LIF inhibits vascular cell apoptosis in vivo. TUNEL stain-
ing (A and C) of apoptotic cells compared with propidium iodide
staining (B and D) for total cells, in injured carotid arteries after 8
weeks cholesterol-rich diet, with either saline (A and B) or LIF (C
and D) treatment for the final 4 weeks. Staining was performed
on consecutive sections. Histogram: The extent of apoptosis (Al)
was expressed as a percentage of TUNEL* cells, using the for-
mula: Al = 100 x (# TUNEL* nucleiftotal nuclei). A representative
histogram, of three independent experiments, is shown. *P<0.05
compared with PBS-treated control. L = lumen; IEL = intemal
elastic lamina.

fipid retention and growth factor activity, changes in ECM compo-
siion may lead to other biological effects. The present study
shows that LIF also reduces apoptosis within the atherosclerotic
lesion. While decorin has been shown to promote cell survival in
several cell types, including macrophages and endothelial cells
[27,39], LIF may act directly to inhibit apoptosis as previous -
shown in various other cell types [40,41]. The identity of the
TUNEL positive cells in this study was not elucidated aithough
they are fikely to be VSMC. Apoptotic VSMC within the neointima
participate in the recruitment of macrophages to the lesion via up-
regulation of the chemoattractant MCP-1 [42] and, once recruited,
macrophages and foam cells secrete pro-death factors that con-
tribute to VSMC apoptosis [43]. Thus the actions of LIF on lesion
composition may be due either to its capacity to inhibit macrc
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phage infiitration into the vessel wall [2} or, as suggested in the
present study, by the promotion of VSMC survival.
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Fig. 3. The inhibition of VSMC migration following monolayer
injury is dose-dependent. Growth-amested VSMC were injured
with a sterile 10 p/ pipette tip and treated with media alone (0
ng/ml) or medium containing LIF at 50 ng/ml or 100 ng/ml. A
Representative images of cells in medium alone taken with a
C4040 digital camera mounted on an Olympus IMT2 inverted
microscope. The distance between the edges of the cell-free
zone was measured and the extent of VSMC migration (% Re-
covery) was quantified by using the equation: %R = [1 - {wound
distance at Tywound distance at To) x 100%, where Tt is the time
post-injury and To is immediately post-injury. *P<0.05 compared
with injury at time 0. B. Effect of LIF on migration over 72 hours
post-injury.

Instability of the atherosclerotic plaque is now well established as
the underlying cause of most clinical events. Investigations of
human lesions indicate that breakdown of the fibrous cap is asso-
ciated with a low density of VSMC and collagen, increased fre-
quency of inflammatory cells and increased tissue-degrading
activity {44]. The loss of smooth muscle cells can be detrimental
for plaque stability since they produce the majority if not all of the
collagen fibrils necessary for tensile strength of the fibrous cap
[45]. Once the matrix becomes devoid of smooth muscle cells,
the balance shifts towards degradation. The present study sug-
gests LIF treatment of pre-existing atheroma may not only retard
lesion progression, but help stabilize the plaque. In line with our
previous demonstration that LiF treatment of pre-existing lesions
maintains the cellular content of the artery wall, the present study
shows that LIF promotes cell survival within the vascular walil and
inhibits smooth muscle migration. LIF also regulates composition
of the extracellular matrix, reducing ECM volume, inhibiting syn-
thesis of pro-atherogenic proteoglycans versican and biglycan,
and promoting synthesis of the anti-atherogenic proteogiycan
decorin. Aithough beyond the scope of the present study, previ-
ous in vitro studies showing that LiF induces TIMP-1 expression
by VSMC [32] suggest that LIF may also stabilize plaques by
reducing matrix degradation.

In summary, our previous studies have shown that LIF prevents
the development of hyperplastic intimal thickenings afte® arterial
injury and retards the progression of pre-formed atherosclerotic
lesions. A number of mechanisms have been identified by which
LiIF exerts these effects, including the capacity to decrease
plasma and vessel wall cholesterol, reduce VSMC proliferation
and macrophage accumulation, nommalise smooth muscle-
dependent vasoreactivity, and regulate iNOS expression. The
present study extends our knowledge of how LIF acts as an anti-
atherogenic/-restenotic agent, demonstrating its ability to regulate
the ECM, inhibit apoptosis within the vessel wall and inhibit VSMC
migration in vitro. The results highlight the pleiotropic nature of
LIF and indicate that LIF may be particularly effective in inhibiting
atherogenic changes to the vessel wall.
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