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Abstract: Effect of insulin and testosterone, separately and in combination on the regeneration of
skeletal fibres within intact extensor digitorum longus (EDL) muscle grafts was studied in mice. It was
found that intraperitoneal supply of 2 mg/100 g body weight/day of testosterone accelerated skeletal
muscle regeneration within ten days of grafting. The regenerated muscle fibres in such grafts attained
significantly higher % recovery of average cross-sectional area (ACSA) than in the controls grafts.
Later on, provision of the hormone did not further promote growth of the regenerated muscle fibres. In
the insulin-supplemented animals (2 units/100 g body weight/day) the grafts showed hyperplasia and
atrophy of the regenerating muscle fibres during the first and the last study periods, respectively.
Histological and morphometric analysis of 20-day old EDL muscle regenerates that were supplied with
either insulin or testosterone during the first 10-days of transplantation followed by hormone
administration in reverse sequence revealed valuable differences. Supply of testosterone and then
insulin escalated the process of regeneration and growth so that the ACSA of the regenerated muscle
fibres in such grafts turned out to be significantly higher that in the corresponding stages of control, or
when only insulin and only testosterone were administered. Reverse sequence of the administration of
the hormones exerted negative effects and the regenerated muscle fibres showed various levels of
atrophy. These results indicate the importance of identification of particular phases of the process of
skeletal muscle regeneration that may be more responsive to anabolic agents. Proper sequence of
administration of the hormones to promote the regeneration of skeletal muscle fibres in whole EDL
muscle autotransplants is also explained.

Keywords: Anabolic hormones, autografts, extensor digitorum longus muscle

Introduction

It is well documented that skeletal muscle fibres
regenerate after various forms of trauma ranging from
physiological stress such as exhaustive exercise to
free transplantation of whole intact muscle [1-3].
Actually skeletal muscle is unique in having a
population of reserve stem cells, the satellite cells
[4]. The mitotically quiescent satellite cells in normal
adult muscle enter the cell cycle in response to muscle
trauma [5,6] and ultimately form new population of
myofibres and additional stem cells [7]. One of the
———————————
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several models for studying the process of muscle
regeneration is minced muscle transplantation. This
technique has proved very useful in delineating a
number of fundamental aspects of skeletal muscle
regeneration [8-10]. Another model employs the
technique of whole muscle grafting. The fundamental
processes of breakdown of muscle fibres and
regeneration are similar to those occurring in minced
muscle grafts, except that a thin rim of surviving intact
muscle fibres persists at the periphery of the graft
[11]. When no attempt is made to reconnect vascular
or nerve supply, the transplants are called standard
free muscle grafts. Apart from its therapeutic uses



[12-14] free skeletal muscle transplantation
technique has served an excellent model for studying
various aspects of the mechanism of muscle
regeneration [15-18].

Early muscle fibre regeneration in standard free
grafts is vigorous, but the stabilized transplants show
varying degrees of structural and functional deficits
[1,19]. Several techniques have been employed to
enhance the quality of the grafts [11]. The process
of skeletal muscle regeneration has been shown to
be affected positively by the presence of higher than
normal amounts of certain anabolic hormones. It has
been established that testosterone and testosterone
propionate promote the process of skeletal muscle
fibre regeneration following intact free
autotransplantations of extensor digitorum longus
muscle (EDL) in rats [20-23]. Insulin is another
hormone known to influence the process of skeletal
muscle regeneration [24,25]. Xu and Gu [26] have
shown that insulin is significantly more effective in
promoting the growth of cultured skeletal muscle
satellite cells of rabbits more significantly than the
transforming growth factor-beta. Recently, Qazi and
Mufti [27] have indicated that administration of 0.5
unit of regular insulin/100g body weight/day had
positive effect on the development of regenerating
muscle fibres of EDL muscle orthotransplants in rats.
While making comparisons of EDL orthotransplants
of different stages in the hormone-supplemented rats
with those of the corresponding control grafts, these
authors noticed that testosterone propionate exerts
better growth promoting effects on muscle fibres
during early phases of their regeneration [22].
However, the growth promoting effects of insulin
occur in the later stages of development of the
regenerated muscle fibres [27]. The purpose of this
study was twofold. The first was to observe the
cumulative effects of the anabolic hormones,
testosterone and insulin, on the regeneration and
development of skeletal muscle fibre of EDL muscle
orthotransplants in mice. The second was to
determine the sequence of the hormonal

administration for obtaining muscle regenerates of
better quality.

Materials and Methods

Animals

Twenty-four male adult mice, Mus musculus,
weighing 24 to 38 g were used in this study. They
were kept in standard animal room facilities with
roughly 12:12 hours light/dark cycle, and provided
commercially prepared food and water ad libitum.

Surgical procedure

The animals were anesthetized with ether and
EDL muscle of right leg was orthotopically
autotransplanted. This process involved isolation of
the muscle from its surrounding associations and
removal by cutting the proximal and distal tendons.
The muscle was immersed in sterile physiological
saline and kept back in its original bed in proper
orientation. Fascia and skin were sutured with 4 and
5 ethicon fibres, respectively. The operated animals
were supplied with 0.001% mixture of Ampicillin
trihydrate and Cloxacillin sodium (1:1) in drinking
water for 3-4 days postoperation. Iodine tincture
prepared by dissolving 1.00 g of iodine in 100 ml of
70% ethanol was applied on the surgical wounds
daily for 3 days.

Experimental design

Following muscle transplantation, the animals
were divided into five groups. Mice of the first group
(C) served as controls. In the second set (TS) the
animals were administered intraperiotonially
testosterone at a dose of 2 mg/100g b.w./day. For
administration of the hormone, 100 mg of
testosterone (E. Merck) was dissolved in 25 ml of
Soya bean oil. Mice in the third (IN) set received
intramusculary in an amount of 2 units of five-fold
diluted purified-regular insulin (Lilly) per 100 g b.w./
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day. Dilution was done in normal physiological sterile
saline. For experiments designed to see the effects
of the both insulin and testosterone during early and
late phases of the muscles regeneration, the animals
in the fourth group (TS-IN) received the testosterone
dose for the first 10-days followed thereafter by
insulin until the end of the experiment. The mice in
the fifth set (IN-TS) were supplied the hormones in
reverse sequence.

Morphological and morphometric analyses

At the completion of each experimental period
the mice were weighed, the grafts and the
contralateral intact EDL muscles removed and the
animals killed by an overdose of the anesthetic.
Percent gain in the body weight of animal was
calculated. The muscle grafts were washed in 0.9%
saline solution and kept in Bouin’s fixative for at least
6-hours. The fixed tissues were then processed
routinely for paraffin embedding and cross-sectioning
at 8µm with the help of a Cambridge Rotary
Microtome. The sections were stained with
Haematoxylin and Eosin and examined under a
research microscope equipped with photomicro-
graphic camera. For morphometric studies cross-
sectional areas of the individual regenerated muscle
fibres within the grafts as well as intact fibres of the
contralateral control EDL muscles were measured.
Five areas from a selected cross-section were
projected on paper with the help of camera lucida
(Nikon, Tokyo) and outlines of individual muscle
fibres from each area, falling within 250 (cm)2 sample
area, were traced using 40x objective of the
microscope. Detail of the protocol has been
mentioned previously [23]. The outlines of the cross-
sectional areas of individual muscle fibres were
measured by a Planimeter (K-E polar planimeter).
Readings from the planimeter (cm)2 were calibrated
as µm2. Average cross-sectional areas of intact and
regenerated EDL muscles fibres (µm)2 of each animal
were employed to calculate mean values of the
parameters of a particular stage of the experimental

groups. From these values, percent regain in average
cross-sectional area of regenerated muscle fibre was
also calculated. The mean values of the parameters
of intact and EDL muscle transplants of different
experiments of a particular stage were compared
by applying single factor analysis of variance [28].
Differences in means were considered significant at
P< 0.05.

Results

Gross morphological observations

The control (C) mice showed 0.29% (±1.68)
weight loss and 1.63% (± 1.32) weight gain following
10 and 20 days of grafting, respectively. The supply
of hormone testosterone did accelerate the growth
of the animals, and the mice (TS) exhibited 2.52%
(± 0.53) and 2.80% (± 1.45) increase in their body
weight at first and second sampling periods,
respectively. The corresponding values for the IN
mice were 3.32% (± 0.93) and 2.48% (±1.47). At
the last sampling period the TS-IN mice showed
3.76% (±2.06) gain in their body weight, while the
IN-TS animals indicated only 0.67% (± 0.71)
increase in the body weight which was even less
than the corresponding control value. These
differences in the pattern of body weight gain/loss
were found statistically nonsignificant.

Histological observations

At the first sampling period the histological
picture of control EDL muscle grafts (C) revealed
regenerating muscle fibres of different phases and
development of some connective tissue. Some of
the fibres were observed still in the process of
macrophage mediated degeneration (Fig. 1. A). The
histological appearance of the 10-day muscle grafts
in the testosterone supplemented (TS) rats indicated
regenerated muscle fibres that developed to a
comparable size with much less connective tissue
element as compared to the C-grafts. Almost all the
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Figure 1. A: 10-day old C graft showing regenerating muscle fibres (arrow) and connective tissue development (curved
arrow). H&E. B: 10-day TS regenerate indicating peripheral nuclei of the fibres (arrow). Inset: Muscle fibres from the intact
contralateral EDL muscle in the hormone-supplied mice. H&E. C: 10-day IN graft. Almost all regenerating muscle fibres are
in their earlier phases of growth, as evidenced by central nuclei and lower cross-sectional areas compared with that
shown in 1A and B. Inset: Muscle fibres from the intact contralateral EDL muscle. D: 20-day C graft showing regenerated
(arrow) and regenerating muscle fibres (arrowhead) at various phases of growth and some connective tissue (curved
arrow) H&E. E: 20-day TS regenerate showing muscle fibres of variable dimensions. H&E. F: 20-day IN graft indicating
regenerating muscle fibres undergoing sarcolysis (arrow). H&E. G: 20-day TS-IN regenerate showing highly developed,
mature and regenerated muscle fibres. H&E. H: 20-day IN-TS graft showing regenerated muscle fibres of variable size and
some highly atrophied ones (curved arrow). Inset: Muscle fibres in the intact contralateral EDL muscle. H&E. Bar
represents 50 µm for all the photomicrographs.
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regenerating muscle fibres within the insulin
supplemented (IN) animals were observed at their
earlier stages of regeneration at 10-days postgrafting.
However, the regenerating muscle fibres with
centrally located vesicular nuclei indicated
hyperplasia and scarce amount of connective tissue
(Fig. 1.C). There were seen no apparent differences
between the muscle fibres within the intact EDL
muscles in both categories of the hormone-
supplemented mice (Fig. 1.  B,  C).

The process of regeneration continued and at
20-days postgrafting the C-regenerates attained
mature as well as regenerating muscle fibres
accompanied by some connective tissue (Fig. 1.D.).
Twenty days old TN, EDL muscle regenerates
harboured mature regenerated muscle fibres of
variable sizes and scarce connective tissue (Fig.1.E).
While, prolonged supply of the hormone insulin
caused sarcolysis of regenerating muscle fibres and
the overall girth of such fibres appeared less than in
the respective control and testosterone-
supplemented grafts (Fig. 1.  F).

The EDL muscle grafts that were supplied
testosterone for the first 10 days of transplantation
and then the hormone insulin for the remaining 10
days (TS-IN), revealed highly developed
regenerated muscle fibres (Fig .1.G.). The muscle
fibres in the contralateral intact EDL muscles in such
animals also indicated hypertrophy. Contrary to
these growth promoting effects of the two hormones
on the regenerating as well as intact muscle fibres,
following the reverse sequence of administration of
the two hormones the muscle grafts (IN-TS) could
not even retain the size of regenerated muscle fibres
as was evident in the C-transplants. Instead, many
of the regenerated muscle fibres were atrophied in
such grafts (Fig.1,D,H). However, the intact muscle
fibres within the contralateral control EDL muscles
did not respond negatively to this recipe of the
hormone supply and they retain the size comparable

to the corresponding control intact muscle fibres
(Fig.1,H).

Morphometric observations

The morphometric data did not reveal any
significant difference between the intact and
regenerated fibres within the grafted EDL muscles
in all the experimental groups at first sampling period.
However, the regenerated muscle fibres within the
testosterone supplied grafts attained average cross-
sectional area (ACSA). This indicates advanced
growth of these fibres than in the case of the control
and insulin supplemented grafts (Table 1).

After 20 days of muscle transplantations, the
ACSA values of the regenerated muscle fibres within
the control and the first two categories of the
hormone-treated EDL grafts (TS and IN) were
comparable with a slight edge for the testosterone
supplemented grafts. However, the situation was
quite different regarding the cumulative effect of the
two hormones. The regenerated fibres in the animals
that were supplied with the testosterone and then
insulin (TS-IN) showed significantly higher ACSA
as compared to the corresponding fibres in the
control and testosterone or insulin supplied EDL
grafts. The regenerated fibres within the TS-IN grafts
also attained significantly higher ACSA area than in
case of regenerated muscle fibres within the IN-TS
grafts. In fact, the reverse sequence of the hormone
treatment caused atrophy of the regenerated muscle
fibres and the ACSA of such fibres was not only
significantly less than in the TS-IN regenerates but
also remained lower than in the control group (Table
1). The average cross-sectional areas of the intact
muscle fibres of the contralateral EDL muscles in
the five categories of the experimental animals
remained, in general, comparable to each other.
Although the combined effects of testosterone-insulin
(TS-IN) caused hypertrophy, but due to highly
variable size of the muscle fibres in the intact EDL
muscles, the value of ACSA remained statistically
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Table 1. Average cross-sectional area (ACSA) of intact and regenerated fibres in EDL muscles under various experimental
conditions in mice. N = the total number of muscle fibres pooled from all samples of a group for measurement of the cross-
sectional areas.

*Values are means of three replicates ± SEM (Single factor analysis of variance)
Significant differences between C and TS-IN (*), T and TS-IN (♣ ), IS and TS-IN ( ),
TS-IN and IN-TS ( ). Single and double symbols represent significance at P < 0.05 and P < 0.01, respectively

comparable to that in the other groups. When the
values of ACSA of the regenerated muscle fibres of
each graft were calibrated as a %age of the intact
muscle fibres of the contralateral EDL muscle, the
control, testosterone and insulin supplied grafts
attained ACSA values of 22.24, 59.25 and 29.54,
respectively at 10 days postgrafting. The value for
the TS-grafts was significantly higher than the
corresponding value for the control. At 20 days
postgrafting, the values remained significantly
indifferent from each other. However, maximum
recovery (90%) in the ACSA of the regenerated
muscle fibres was recorded for the TS-IN grafts
and the least for the IN-TS muscle transplants (Fig.
2).

Discussion

The present investigation attempted to study
therapeutic effects of insulin and testosterone on
regeneration of skeletal muscle fibres following intact

Figure 2. Percent regain in average cross-sectional area
(ACSA) of regenerated muscle fibres of different
experimental EDL muscle grafts as compared to those of
corresponding control intact muscle fibres. Vertical bar
represents standard error of means. * = significantly
different from the corresponding control value P<0.05
(single factor analysis of variance). C = control, IN = insulin-
treated, IN-TS = insulin-testosterone sequence, TS =
testosterone-treated, TS-IN = testosterone-insulin
sequence.
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EDL muscle transplantations in mice. The results
obtained bear on the importance of the sequence in
which the two anabolic hormones are administered
for improving the process of regeneration of skeletal
muscle fibres.

The histological as well as morphometric
analyses revealed that testosterone accelerated the
process of fibres regeneration within 10-day of the
EDL muscle transplantation with % recovery of the
ACSA of the regenerated muscle fibres in the
hormone-treated grafts being significantly greater
than in the respective controls. Several earlier studies
have demonstrated positive effects of testosterone
in the initial phases of the process of regeneration of
skeletal muscle fibres. In a series of experiments,
Qazi and Mufti [21-23,29] have established that the
regenerating skeletal muscle fibres within the intact
EDL muscle grafts in rats respond negatively or
positively in terms of the their growth depending on
whether testosterone has been supplied or not during
the first week of muscle transplantation. In regard to
insulin, no growth promoting effects on the
regenerating muscle fibres were observed during the
first study period (10-days). In fact, persistent supply
of the hormone until the end of last sampling period,
resulted in negative effects on the regenerated muscle
fibres and even showed signs of sarcolysis and
atrophy. Insulin has been shown in another study
[27] to exert negative effects on the regenerated
muscle fibres in intact EDL muscle transplants and a
high dose of the hormone (1.00 µ/100 g. b.w.) was
found to cause sacrolysis of the fibres during the
first week of treatment. In the present study, also
this hormone caused more or less similar sarcolytic
effect on the regenerated muscle fibres. It is thus
evident from the present as well as past work that
the response to a given exogenous factor depends
on the phase of muscles fibre regeneration during
which it is administered.

A major aspect of this study was to check
the response of regenerating skeletal muscle fibres
to the cumulative effects of insulin and testosterone
at different phases of the process. The results of TS-

IN sequence of treatment gave promising results in
terms of improvement in the regeneration process.
On the other hand, the reverse sequence (IN-TS)
affected the regenerating fibres negatively. Thus the
present study reveals for the process of regeneration
of skeletal muscle fibres the importance of
identification of a proper time frame during which a
hormone may be required and the phase(s) of
regeneration at which it may prove harmful. It appears
that while seeking synergistic effects of hormones
and their proper dosages, pertinent sequence of
hormonal therapy should be worked out that might
have a bearing on promotion of skeletal muscle fibre
regeneration.
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Abstract: Using the data derived from the 1989 Bangladesh Fertility Survey, the 1993-94 and 1996-97 Bangladesh
Demographic and Health Surveys, this article attempts to investigate the trend of nuptiality pattern and its
effect on overall fertility. Findings suggest moderate change in the proportion married.  The nuptiality index
began to change since 1975 and modest decline in fertility is observed around this time which leads us to
conclude that the decline in fertility can be partly explained by changes in the proportion married.
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Introduction

A number of factors may influence fertility levels
in addition to contraceptive use.  These are age at
marriage and the proportion of married at ages 15-
19 and 20-24.  Female age at first marriage is one
of the important determinants of fertility.  The age at
which women enter into stable sexual unions
determines the length of the reproductive life span
and hence number of children women potentially can
bear.

Bangladesh has a long tradition of early
marriage of women [1-3], which is still prevailing
[4]. During 1975-1976, the mean age at marriage
of ever married women in Bangladesh was reported
to be 12.3 years [5]. As a consequence, by the age
19 nearly 73 percent of ever married women have
already had their first birth [6].

In accordance with the Muslim Family Laws
of 1961, the minimum legal age at marriage in
Bangladesh for females is 16 and for males 18. A
girl of 16 years can get married with the consent of
her guardian but cannot contract her own marriage
till 18. A Muslim women married between 16 and
18 also has the right to renounce marriage that has
been contracted but not consummated, which can

then be considered invalid [7]. Through a government
order in 1976, the minimum legal age at marriage in
Bangladesh was fixed at 21 years for males and 18
years for females. Such requirement is hardly known
in the countryside and has little impact on marriage
behavior [2].

The age at marriage, is an important factor in
the reproductive process, and is traditionally low in
many developing countries as compared to the
developed countries. Studies have shown a negative
relationship between age at marriage and fertility [8-
12]. As much as 25 to 50 percent of the decline in
the crude birth rate has been due to changes in the
percent married, primarily due to rise in age at
marriage in Asian countries during 1960-75 [13].

The main objective of this study was to
investigate the trend of nuptiality pattern in
Bangladesh and its effect on overall fertility.

 Materials and Methods

     Three main sources of data were used in the
present analysis. These are nationally representative
sample surveys of the 1989 Bangladesh Fertility
Survey (BFS); the 1993-94 Bangladesh Health and
Demographic Survey (BDHS); the 1996-96



Bangladesh Health and Demographic Survey
(BDHS). Besides, published data of Bangladesh
Bureau of Statistics (BBS) were also used. In
conducting the 1989 BFS, a two stage probability
sample design was used. At the first stage a sample
of clusters was drawn. Each selected cluster was
then mapped and all households were listed. At the
second stage, a sample of households was selected
within the area. Thus, a total of 11729 households
were selected, of which 11236 households were
successfully interviewed. Finally, in these 11,236
households, a total of 11096 ever married women
under 50 years were identified as eligible for the
individual interview. Of these 11906 about 98 %
were successfully interviewed. In conducting BDHS,
a two stage probability sample design was also used.
A total of 8168 rural households were selected for
the survey, of which 7,798 were successfully
interviewed.  In the household survey, 8390 ever-
married women were identified as eligible for
interview. However, a total of 8174 women were
successfully interviewed. In conducting 1996-96
BDHS, which was also a two stage probability
sample design, households were selected from the
Integrated Multi-purpose Master Sample (IMPS)
maintained by the BBS. Each division was stratified
into three groups: statistical metropolitan areas
(SMAs), 2) municipalities (other urban areas), and
3) rural areas. In the rural areas, the primary sampling
units was the mauza, while in urban areas, it was the
mahalla. Because the primary sampling units in IMPS
were selected with probability proportional to size
from the 1991 census frame, the units for the BDHS
were sub-selected from the IMPS with equal
probability so as to retain the overall probability
proportional to size. A total of 316 primary sampling
units were utilized for the BDHS 1996-97. The 1989
BFS [5] was conducted by the NIPORT with the
financial support from the World Bank while the two
BDHSs, 1993-94 and the 1996-97, were
conducted by Mitra and Associates (with technical
support from Macro International, U.S.A) and
NIPORT jointly. The Survey was funded by the

USAID, Dhaka. Details of the above mentioned
surveys can be obtained in the main reports.

It has been observed that the computation of
mean age at marriage based on data of married
population underestimate the age at marriage. This
may be due to the fact that the mean is computed
without correcting the right censoring (i.e. information
about age at marriage for those females who did not
marry before the survey date). To meet this situation,
Hajnal [14] proposed a method to calculate the
mean age at marriage based on the data on persons
remaining unmarried at each age. The mean age at
marriage obtained by this method is known as
singulate mean age at marriage (SMAM). The
method is presented below.

If s(x) denotes the proportion single at age x,
then the number of marriages n(x), during an interval
dx, while ignoring mortality and migration, is given
by

-d[s(x)] = n(x)dx (1)

Let d and D be the lower and upper limits of the
interval in which first marriage occurs. The average
age at marriage, x  is expressed as

(2)

From (5.1) and (5.2), x becomes

(3)

where s(d) and s(D) represent the proportion single
at the lower and upper limit of the interval in which
first marriage occurs. The discrete approximation of

 is then expressed as
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(4)

Further, if data are available in age-interval of n years,
then

(5)

To examine the changes in marriage patterns,
Coale’s [15] Im index (the index of proportion
married) can also be calculated.  According to Coale,
the Im index gives the nuptiality pattern within
childbearing span and its effect on overall fertility by
comparing the number of children married women
would have if the married or not married would be
under the same circumstances. The index of
proportion married among women in the child bearing
ages is derived by comparing the number of children
the married women would bear if experiencing the
Hutterite Schedule of marital fertility rates, with the
number of children all women would bear subject to
the same fertility schedule. The interpretation of the
index is straightforward.  It ranges from zero for no
marriage exposure to unity for universal exposure in
the reproductive period. The index can be expressed
as

Im= Σ miFi / ΣwiFi

where for a given age group i, wi is the total number
of women, mi is the number of married women, and
Fi is the marital fertility rate from the Hutterite
schedule (the marital fertility rates by five year age
group for the Hutterite population is 0.300, 0.550,
0.502, 0.447, 0.406, 0.222, and 0.061 starting at
the age group of 15-19 years and ending at 45-49
years). Each index ranges from zero to one. Since
virtually all births take place within marriage and
consequently illegitimate births are rare, the
relationship between the indices is expected to hold
for Bangladesh.

Results and Discussion

A number of factors may influence fertility levels.
These are age at marriage and the proportion of
married at ages 15-19 and 20-24.  Female age at
first marriage is one of the important determinants of
fertility.  The age at which women enter into stable
sexual unions determines the length of the
reproductive life span and hence number of children
women potentially can bear. Table 1 and Figure 1
represent female singulate mean age at marriage
(SMAM) observed in Bangladesh at different time
points.

Table 1. Female singulate mean age at marriage (SMAM)
observed in  Bangladesh (1951-1996-97).
———————————————————————————
Year Source SMAM

———————————
Female Male

———————————————————————————
1951 Census 14.4 22.4
1961 Census 13.9 22.9
1965 PGF 14.8 -
1974 Census 15.9 23.9
1975 BFS 16.3 24.0
1980 BBS 16.4 -
1981 Census 16.6 23.9
1982 VRS (BBS) 17.7 -
1983 CPS 17.0 -
1985 CPS 17.7 25.5
1989 BFS 18.0 -
1991 Census 17.9 24.9
1993-94 BDHS 18.3 -
1996-97 BDHS 18.5
———————————————————————————

Figure 1. Trend in Female Singulate mean at marriage
(SMAM).
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The findings suggest that there is an increasing trend
in SMAM for both sexes.  Since 1975, the female
SMAM increased by 1.7 years from 16.3 years in
1975 to 18 years in 1989.

The change in marriage pattern is also reflected
by a change in the proportion married in the age
groups 15-19 and 20-24.  Table 2 represents the
proportion married in age groups 15-19 and 20-24.

Table 2. Proportion married in age group 15-19 and 20-24
in selected years.
———————————————————————————
Year Source Proportion Married

———————————
15-19 20-24

———————————————————————————

1981 Census 65.4 90.9

1991 Census 49.6 86.6

1989 BFS 46.9 85.7

1993-94 DHS 47.7 84.6

1996-97 DHS 48.3 79.3
———————————————————————————

     The mean age at first marriage in Bangladesh is
one of the lowest in the world.  During 1975-1976,
the mean age at first marriage among all ever married
women in Bangladesh was reported to be 12.3 years
(BFS, 1975).  The 1989 Bangladesh fertility survey
[5] data (Table 3) suggest that the mean age at first
marriage among ever-married women was 14.8

years which is well below the minimum legal age at
marriage for females of 18 years set by the
Government of Bangladesh in 1976.  The mean age
at first marriage for the cohort now aged 20 to 24
years is higher than the remaining age cohorts,
indicating that the change in age at marriage is a recent
phenomenon.  In Bangladesh, the mean age at first
marriage has increased by 2.5 years during the
period 1975-1989.  In 1996-97 the median age at
marriage was 14.2.

The Im indices for different time period are
presented in Table 4 and Figure 2.  The findings
suggest moderate change in the proportion married.
The nuptiality index began to change since 1975 and
modest decline in fertility is observed around this
time.  This leads us to conclude that the decline in
fertility can be partly explained by changes in the
proportion married.  Age at marriage has been rising
in Bangladesh, and there has been a corresponding,
though smaller, increase in age at attaining
motherhood.  The relevant evidence from the 1989
BFS [5] as well as 1993-94 BDHS are shown in
Table 5 in terms of median age at first birth, including
1996-97.  The information presented on age at first
birth also suggests that the average age at first birth
increased between 1975 and 1993 by almost 2
years.

Table 3. Percentage of all ever-married women by age at first marriage and current age.
—————————————————————————————————————————————————————————
Current age Mean age at first Mean age at first Median age at first Median age at first

marriage BFS 1975 marriage 1989 BFS marriage 1993-94 BDHS  marriage 1996-97 BDHS

—————————————————————————————————————————————————————————
20-24 12.7 15.3 15.3 15.3

25-29 12.5 15.2 14.8 14.5

30-34 11.7 14.9 14.2 14.1

35-39 11.9 14.6 13.9 13.7

40-44 11.8 14.1 13.6 13.4

45-49 11.5 13.8 13.6 13.3

Total 12.3 14.8 14.4 14.2
—————————————————————————————————————————————————————————
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Table 4. Proportion Married Index (Im), Bangladesh.
———————————————————————————
Year Im
———————————————————————————
1961 0.91
1975 0.89
1981 0.87
1983 0.85
1985 0.84
1991 0.83
1993-94 BDHS 0.82
1996-97 BDHS 0.80
———————————————————————————

Figure 2. Trend in Proportion Married Index(Im),
Bangladesh.

The change in marriage pattern is also reflected
by a change in the proportion never married in the
age groups 15-19 and 20-24.  Table 6 represents
the proportion never married in age groups 15-19
and 20-24. It is evident that there has been a gradual
increase in the proportion never married in the age
groups 15-19 and 20-24.

Figure 3. Percent Distribution of Women at First Birth
According to current age.

Table 5. Percent Distribution of Women at First Birth
Recording to current age.
———————————————————————————
Current age Age at First Birth

————————————————————
1975 1989 1993-94
BFS BFS BDHS

———————————————————————————
20-24 16.8 18.0 18.3
25-29 16.5 17.6 17.9
30-34 16.5 17.3 17.7
35-39 16.8 17.2 17.3
40-44 17.0 17.0 16.9
45-49 17.4 16.9 17.3
———————————————————————————

Table 6. Trends in proportion never married.
———————————————————————————
Age 1975 1983 1985 1989 1989 1991 1993-94 1996-97

BFS CPS CPS BFS CPS CPS  BDHS BDHS
———————————————————————————
15-19 29.8 34.2 47.5 49.0 45.8 46.7 50.5 49.8

20-24 4.6 4.0 7.1 12.0 9.3 12.3 12.4 17.2
———————————————————————————

Figure 4. Trends in Proportion Never Married.

In conclusion, the age at marriage is an
important demographic variable, influencing fertility.
Since most births take place within marriage in many
traditional societies, it seems quite reasonable to
assume that age at marriage is likely to affect the
number of children a woman eventually bears. A
lower age at marriage provides a long reproductive
span and results in higher fertility. Age at marriage
for both sexes has been rising in Bangladesh and
there has been a corresponding, though smaller,
increase in age at attaining motherhood. Although
the Government of Bangladesh established the legal
age at marriage as 18 years for females, the law is
hardly observed. As a result, the age at marriage
remains appreciably low. In order to further reducing
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fertility in Bangladesh, where contraceptive
prevalence still remains at low levels, age at marriage
has to be raised.
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Abstract: A method was developed to inactivate all the toxic principles present in rice bran in a single
operation. The effect of processing on elimination of toxins from rice bran was chemically evaluated.
Freshly milled rice bran (RB) was evenly wetted to 20% moisture with water, 1% solution (w/w) of acetic
acid or 1.0 % (w/w) solution of calcium hydroxide. The moistened RB were allowed to equilibrate and
then cooked by passing through a locally fabricated extruder cooker maintained at 130±2oC and finally
dried to less than 10% moisture at 80oC. The results of the present investigation showed that lipase,
peroxidase, trypsin inhibitors and haemagglutinin were denatured and removed during processing of
rice bran with moisture, acid/alkali and extrusion cooking. Virtually, a toxin-free and nutrient-rich product
was obtained.
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Introduction

Pakistan is situated in the region, where 90%
of the world rice is produced as the second biggest
agricultural food crop. Its annual production ranges
between 4-5 million tones [1], accordingly 0.4-0.5
million tones of rice bran (RB) is produced as rice
milling by-product. It consists of pericarp, seed coat,
aleurone layer, germ and fine starchy endosperm. It
contains 11-17% proteins, 11-18% fat, 10% fibre,
9% ash and 45-65% nitrogen-free extract. Amino
acid profile of the rice bran was reported to be
superior to cereal grains protein [2]. Its protein is
relatively of high nutritional value [3]. The oil present
in rice bran has high content of unsaturated fatty
acids (74%), tocopherols and low content of
saturated fatty acids. In unprocessed rice bran, its
oil is rapidly hydrolyzed to free fatty acids by rapid
fat-splitting endogenous enzymes, “lipases” and
peroxidase, leading to (1%/hr) hydrolytic and
oxidative rancidity. Moreover, bacterial and fungal
lipases, proteases and amylases, destroy its nutrients
to produce off flavors, browning of color and bitter
taste and even aflatoxins. The anti-nutritional factors
present in rice bran limit its potential as low quality
feed ingredient such as lipases, trypsin inhibitor and
haemagglutinin [4,5,6]. These toxic factors present
in RB must be eliminated or minimized in order to

utilize its entire nutritional potential. Many efforts have
been made in the past but all were focused on
removing one or the other toxic factors only [3,7,8].
Extensive literature survey revealed that all the
undesirable factors are protein in nature, with the
exception of phytates. Therefore, an assumption was
developed that denaturing or modifying the structure
of theses toxic proteins can eliminate or minimize
their toxicity, and this is the basis of our present
investigation.

Materials and Methods

Substrate

Fresh full fat rice bran (RB) of variety basmati-
385 was procured from a local rice milling industry
soon after shelling.

Processing of rice bran

The processing of RB was carried out to
inactivate endogenous lipase and peroxidase along
with trypsin inhibitor and denaturing haemagglutinm-
lectin proteins in such a way that their toxicity is
destroyed or minimized without damaging its protein
quality. The RB was divided into four parts that is
RB1= raw or as such, RB2= mixed with 20% w/w
water, RB3= mixed with 20% (w/w) solution of 1%
acetic acid and finally RB4= treated with 20% (w/
w) solution of 1% calcium hydroxide. RB2, RB3



and RB4 were cooked by passing through a locally
assembled extruder cooker maintained at 130 ± 2oC
for short time (up to 25 seconds) and dried afterwards
to less than 10% moisture in a forced air drying unit
at 80oC.

Analytical methods

Proximate chemical composition (moisture,
crude protein (N × 5.95), ether extract, crude fiber
and nitrogen free extract) of all RB samples was
conducted by standard procedures [9]. Bulk density
(weight per unit volume) of RB was determined by
the method of Egan et al. [10], filling the rice bran
by shaking and vibrating in a cylinder of volume 50ml
and then weighed. Neutral detergent fiber (NDF)
%age was calculated by the method of Van Soest
and Robertson [11] where % NDF = weight of the
residue / weight of the sample × 100. Acid detergent
fiber (ADF) percentage was worked out as %ADF
= weight of the residue / weight of the sample × 100
[11]. Peroxidase activity of the treated and untreated
RB was assayed by the method of Vetter et al. [12].
Lipase activity was determined by estimation of free
fatty acid (FFA) in RB (by extracting fat immediately
after milling at factory). Trypsin/Chymotrysin inhibitor
activities were determined according to Decker [14].
Haemagglutinating-lectin activities (HA) in raw and
treated RB were determined by chicken erythrocyte
agglutination test. Lectin activity was assayed as
reported by Tan et al. [15] and was measured in
haemagglutinin units (HU) (one HU is defined as the
least amount of haemagglutinin that will produce

positive evidence of agglutination of 25 ml of a 3%
suspension of washed, trypsined erythrocytes after
3 hours incubation at room temperature (22oC). The
results of various parameters were tabulated and
subjected to statistical analysis according to Steel et
al. [16].

Results and Discussion

Proximate chemical composition of RB1, RB2,
RB3 and RB4 was: moisture 9-11%, crude protein
12-13%, ether extract 12-13%, crude fiber 7.1-
7.6% and nitrogen free extract 45-46%. Raw rice
bran contains 15.8% starch in the form of amylose
and amylopectin [7]. Table 1 shows the composition
and properties of raw and processed bran. On
moistening with 20% water, the starch absorbed
water and on extruder cooking, it became gelatinized.
The whole RB was coated with a thin protective
film of starch giving the processed RB (PRB) a crispy
structure. Microscopic examination of the bran
revealed a gelatinized starchy capsule around it,
preventing access of moisture, atmospheric oxygen,
other gases or microbes. This addition of starch due
to extruder cooking of RB resulted in entrapment of
proteins and B-vitamins (particularly thiamine as 80%
of the original thiamine was present in rice bran).
The processing of RB gave a particular structure
with each treatment i.e. water, acetic acid or calcium
hydroxide solution. The PRB showed less
gelatinization as noted by Sharp [17]. It was found
that the crumbs produced by the acid or alkali-
treated RB were less firm.

Table 1.  Proximate chemical composition of processed rice bran.
————————————————————————————————————————
Content RB1 RB2 RB3 RB4
————————————————————————————————————————
Starch % 15.48 ± 1.23b 16.18 ± 2.11b 15.73 ± 1.81a 15.25 ± 1.72a

Acid detergent Fiber (ADF)% 11.14 ± 2.12 a 9.82 ± 1.84 b 8.87 ± 1.35 b 9.18 ± 1.05 b

Neutral detergent fiber (NDF)% 30.16 ± 1.80 a 24.56 ± 2.40 b 20.45 ± 2.11 c 21.56 ± 1.92 c

Bulk density g/ml 0.30 ± 0.02 0.74 ± 0.30 0.78 ± 0.35 0.82 ± 0.41
Colour after 120 days storage Brown Lemon Yellow Off-white Off-white
Structure Fluffy powder Crumbles Crumbles Crumbles
————————————————————————————————————————
Note: The same superscript on a row shows statistically non-significant difference between mean values.
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Figure 1.  Effect of processing time on peroxidase activity of rice bran.

The results of the peroxidase activity were
expressed as absorbance unit/g of RB and compared
with that of raw RB taken to show 100% activity.
Contrary to the situation in microorganism, the
peroxidase enzymes in RB are not completely and
irreversibly inactivated by short time exposure to high
temperature as it has a direct relationship with off-
flavor in foods. The influence of moist extrusion
cooking (20% water or 1% acetic acid or 1%
calcium hydroxide) is shown in Fig. 1. The results
indicate stabilization of RB and effects of moist heat
on peroxidase inactivation. The peroxidase activity
at 130 ± 2oC was less than 0.5%, revealing almost
complete peroxidase inactivation. The results of the
study are in line with other researchers who used
dry heat or moisture levels of 5 to 15% [18]. If dry

heat is applied, the lipases again become active
frequently at 11-13% moisture level. Moist heat is
more effective in denaturing the peroxidase. Steam
injection (11-13% moisture addition) proved to be
effective. Anti-lipase i.e. non-specific proteinase of
plant or fungal origin [19] of RB was also denatured.
However, in the present study 20% moisture
combined with acid or alkali treatment and higher
cooking temperature (130oC) completely destroyed
the activity of peroxidase. This may be due to the
denaturing or remodeling of the peroxidase molecule
resulting in loss of its character.

Production of free fatty acids (FFA) was taken
as a function of lipase activity in raw and extruder
cooked RB. Increase in FFA was taken as the
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ultimate criterion for evaluation of product stability.
The FFA values of raw, moist extruded, acetic acid
and calcium hydroxide-treated RB are shown in Fig.
2. FFA was found to be 0.5 % in moist extruded
RB and this value further decreased after treatment
with moisture, acetic acid or calcium hydroxide.
Randall et al. [18] have also shown that the optimum
condition for stabilizing RB in Brady extruder cooker
model 2160 is 130oC and 12-13% moisture. The
only disadvantage noted during the present period
of investigation is that drying of stabilized RB below
10% moisture is necessary for storage as bacteria/
fungi can grow and spoil the processed bran.

Haemagglutinin-lectins agglutinate mammalian
red blood cells, and are concentrated in rice germ
that is a part of rice bran. Tan et al. [15] have

reported variation in lectin content even in a single
species of plants, and this gives variable effects on
RBC agglutination. Table 2 shows the results of the
haemagglutinin-lectin activity. It was found that
cooking the moist RB at 130 ± 5oC reduced the
haemagglutinin activity by 95%. Similar results were
observed when moist acetic acid or calcium
hydroxide-treated rice bran was extruder cooked.
Almost no activity was observed in acetic acid-
treated RB. The change was irreversible when HA-
activity of treated stored RB was checked [20]. Thus,
it can be presumed that moist extrusion cooking alone
or combined with chemical treatments inactivates all
the HA-activity, suggesting that toxic globulin
proteins are permanently denatured with moist heat,
pressure and acid or alkali. The results are in
agreement with Khan et al. [20]. Rehman and

Figure 2.  Free fatty acid percentage of processed and extrusion cooked rice bran
stored for various time periods.
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Mahmood [8] observed that heating rice bran at
100oC for up to 6 minutes inactivates HA. However,
Peumans et al. [21] have reported no loss of activity
upon treating bran with 0.2M NaCl for 10 minutes
at 70oC, while co-extrusion in combination with
chemical treatment at 135oC almost diminishes HA.

While Rehman and Mahmood [8] have
concluded that trypsin inhibitors in RB do not cause
depressed growth in chicken, these are readily
inactivated by moist heat treatment. The results of
the present study (Table 2) also reveal that TI activity
was completely lost after moist heat treatment (see
also [19,20]).

Table 2.  Haemagglutinin-lectin and trypsin inhibitor
activity of raw and  processed rice bran.
———————————————————
Description of Haemagglutinin- Trypsin-
Rice Bran Lectin Activity Inhibitor

(HU/mg) Activity(TIA/g)
———————————————————
RB-1 23.72 ± 2.11 8013.00

RB-2 0.9 ± 0.05 0.00

RB-3 0.01 ± 0.01 0.00

RB-4 0.09 ± 0.05 0.00
———————————————————

The impact of processing on rice bran revealed
that the percent composition of protein, fat, ash and
crude fibre were not effected. Both the cell wall
content (NDF) and cell wall constituents (ADF)
decreased, indicating that more nutrients were
available after the treatments. It was found that the
bulk density was increased by more than 100%
resulting in a structure from fluffy powder to
crumbles. It was also concluded with respect to
toxicity problems that both haemagglutinin-lectin and
trypsin inhibitor were destroyed totally. Finally the
present investigation showed that the rapid fat
splitting enzymes (lipases and peroxidases) were
found to be completely inactivated by moist dilute
acid/alkali treatments followed by extruder cooking.
Thus, extrusion cooking after chemical treatments

resulted in a toxin-free product of increased
nutritional value.
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Introduction

The integral of the remarkable Hilbert’s
inequality is the following.

 If f, ),,0[Lg 2 ∞∈  then

(1.1)

where the constant factor π is the best possible. Its
associated double series form is as follows.

If {an} and {bn}are sequences of real numbers such
that

(1.2)

where the constant factor π is still the best  possible.
Hilbert’s inequities (1.1) and (1.2) are important in
our analysis and its applications [1, Chapter 9].

In recent years, Hu [2] and Gao [3] gave two
distinct improvements of (1.1). Gao [4], Yang [5],
Yang and Debnath [6] and Yang [7,8] gave (1.2)
some extensions and improvements. Kuang and
Debnath [9] considered its strengthened versions and
generalizations.

1. Some New Results on Hilbert’s integral
inequality

In this paper, some new extensions and
improvements of (1.1) and (1.2) are given in the
following theorems.

Theorem 1



(1.3)

Proof

By Hölder’s inequality, we have

(1.4)

Setting     in the last integral, we find
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and

(1.5)

(1.6)

(1.7)

where )b,a,p,,y(II2 α= .

From (1.4) (1.5) and (1.7) we have

(1.8)

Remarks (1)

1)  Let  1=α    in (1.7),   we get

(1.9)
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2) Let a = c = 1 in (1.7) we get

(1.10)

3) Let α = 1 in (1.10) or a = c = 1 in (1.9), we
get

(1.11)

4)  Let b = d = ∞ in (1.8), we get

where
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(1.12)

5) Let α  = 1 in (1.12), we get

(1.13)

6) Let a = c = 1 in (1.13) or [a = c = 1, b = d =
∞  in (1.9) or b = d =   in (1.8), we get

(1.14)

7) Let a = c = 1, b = d =  ∞ in (1.9), we get

(1.15)

8) Let   p = q = 2 in (1.9), we get

(1.16)
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(1.17)

10) Let p = q = 2 in (1.13), we get

9) Let p = q = 2 in (1.11), we get

(1.18)

Hardy- Hilbert’s inequality (Hardy et al. [1]) may
be written in the following form

then the famous

(2.1)

where the constant factor  is best possible.

In particular, when  p = q = 2,  inequality (2.1)
reduces to the standard Hilbert’s inequality

Now we want to build a new inequality similar to
(2.1), which relates to the double series form as

Theorem 2

(2.2)

2.
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Proof

By Holder’s inequality, we have

(2.3)
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5) Let r = s = 1, M = N = ∞  in (2.6), we get

97 A. Shamandy



References

1. Hardy, G.H., Littlewood, J.E. and Polya, G. 1952.
Inequalities. Cambridge Univ. Press, London.

2. Hu ke. 1992. On Hilbert’s inequality. Chinese Ann.
Math. 13B:35-39.

3. Gao, M., Tan li. and Debnath, L. 1999. Some
improvements on Hilbert’s integral inequality. J.
Math. Anal. Appl. 229:682-689.

4. Gao, M.1992. A note on Hilbert’s double series
theorem. Hunan Ann. Math. 12: 142-147.

5. Yang, B. 1998. On Hilbert’s integral inequality. J.
Math. Anal. Appl. 220:778-785.

6. Yang, B. and Debnath, L. 1999. On a new
generalization of Hardy-Hilbert’s inequality and its
application. J. Math. Anal. Appl. 233:484-497.

7. Yang, B. 1999. On a strengthened version of the
more accurate Hardy-Hilbert’s inequality.  Acta Math.
Sinica 42:1103-1110.

8. Yang, B. 2000. On a strengthened Hardy-Hilbert’s
inequality. J. Ineq. Pure. Appl. Math. 1: Art. 22.

9. Kuang. J. and Debnath, L. 2000. On new
generalizations of Hilbert’s inequality and their
applications. J. Math. Anal. Appl. 245:248-265.

Hilbert's inequality: Extensions and improvements 98



Proc. Pakistan Acad. Sci. 42(2):99-109. 2005

ON NEW GENERALIZATIONS OF INEQUALITIES SIMILAR TO
HILBERT'S INEQUALITY (II)

A. Shamandy

Department of Mathematics, Faculty of Science, Mansoura University, Egypt

Received August 2004, accepted March 2004

Communicated by Prof. Dr. Q. K. Ghori

Abstract: We give some generalizations of Hilbert’s integral inequality; we also consider their associated
double series forms.

Keywords: Hilbert's inequality, improvements, associated double series

———————————————————————————
Address for Correspondence:
Email: shamandy16@hotmail.com

Introduction

If f and g  are real functions, such that

(1.1)

where the constant factor π is best possible. Its
associated double series form is as follows:

If {an} and {bn} are sequences of real numbers

such that ,

then

(1.2)

where the constant factor π is still best possible.
Hilbert’s inequalities (1.1) and (1.2) are important
in our analysis and its applications (cf.[1] Chap 9).
In recent years Hu [2] and Gao [3] gave two distinct
improvements of (1.1), and Gao [4], Yang [5] Yang
and Debnath [6] and Yang [7,8] gave (1.2) some
extensions and improvements. Also  Kuang and
Debnath [9] considered its strengthened versions and
generalizations.

The major objective of this paper was to build
a new inequality similar to (1.1), which is
related to the double series from as

Theorem (1)

then



Proof:

By Holder’s inequality, we have
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where

101 A. Shamandy



Remarks 1

1) Let  α = 1 in (1.14), we set

2) Let r = s = 1, M = N =   ∞ in (1.15,) we get
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In the following part, some new extensions and
improvements of Hilbert’s integral inequality are
proved.

Theorem 2

Proof
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since,   and from (2.9) we get a new

extension of Hilbert’s inequality in the form

Remarks 2

1) Let a = c =1, b = d = ∞  in (2.10), we get
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(2.19)

(2.23)
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9)  Let p = q =2   in (2.21), we get References
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