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Abstract: DDT was administered to albino rats as three doses (100 mg, 20 mg and 10
mg/kg B.Wet./day) for 48 hours. 15 days and I8 months durations. respectively.
Animals were dissected after the stipulated periods. liver samples were removed and
processed for histological analyses. Hepatic cell hypertrophy was the most common
structural change induced by all doses of DDT. During 48 hour treatment. nuclear
condensation, hyperchromatic and irregular shaped nuclei were observed. Clear zones
around the nuclei and disorganized hepatic cord structure were also prominent changes.
In 15 day DDT feeding dilation of sinusoidal spaces, enlarged blood vessels and bile
canaliculi hyperchromatic nuclei, with increase in kupffer cells were noticed. Alteration
in hepatic cords were also [;:,mmintnl in 6. 12 and 15 day treatments, Buring 18 month
DDT teeding study somewhat degenerated (necrotic) zones alongwith irregular shaped
hyperchromatic nuclei were observed, Highly hypertrophied kupffer cells were also
present. Fatty degeneration and ncreased thickness of the cell membranes were also
noticed in 12 and 18 months DDT treatments. Among the morphometric studies the
increase in hepatic cell size, with decrease in number of cells/microscopic field with
occasional rise in nuclear and nucleolarize were important findings in all three DDT
feeding studies.
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INTRODUCTION

nsecticides, heavy metals and chemical effluents from the industries are

significant sources of pollution in the present world (Radulescu er al., 1990;

Shahida and Solangi, 1990; Jabbar e al., 1991; Winter and Street, 1992; Rani

et al., 1993; Sukhoparova er al., 1994; Vuorinen ef al., 1994; Urdaneta e al.,
1995). Among these pollutants, organochlorine group of insecticides is more dangerous
as far as the environmental damage and degradation is concerned. DDT is one of these
important organochlorine compound, which has been extensively used for controlling
the pests of agriculture and public health importance (Metcalf, 1973; Floodstrom er al.,
1990; Gecheva, 1991; Bhatnagar er al., 1992; Douthwaite, 1992; Aboul Ela er al.,
1993; Mourya er al., 1993; Galassi er al., 1994; Dirksen et al., 1995).

Large amount of residues of DDT have constantly been detected and reported from
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all facets of life after its use for few years. The major cause of development of these
residues was the persistant and highly stable nature of organochlorine compounds
including DDT (Mohammad er al., 1990; Calero er al., 1992; Rao, 1992; Singh et al.,
1992; Mason and Madsen, 1993; Thao e al., 1993).

Number of xenobiotic compounds have the ability to induce various type of
pathologies in animal tissues. Organochlorine compounds are of great significance
among those (Roberts and Robert, 1982; Kandalaft er al., 1991; Jonsson et al., 1993;
Keith er al., 1993; Katayama, 1993; Teshke er al., 1993; Srivastava and Srivastava,
1994). These compounds also produced hepatotoxic effect, which has also been reported
from this and other laboratories (Shakoori er al., 1982, 1984; Ali er al., 1988; Gupta ez
al., 1989; Ali and Shakoori, 1990, 1993; Bagchi et al., 1993; Misutani et al., 1994;
Begum and Vijayara-ghavan, 1995).

‘Conﬂicting reports about the carcinogenic potential of DDT are also found in
literature (Turusov er al., 1973; Kashyap et al., 1977; Rossi et al., 1977; Flodstrom er
al., 1990; Yusof and Edwards, 1990; Adenuga er al., 1992).

The objective of present report was to study the histopathological and
morphometric effects of various sublethal doses of DDT on liver, administered for short
and long term durations.

MATERIALS AND METHODS

Sprague Dawley rats reared in the Animal House of Department of Zoology were
used for the experiment. About S month old animals were used for short term
experiments, while younger rats about 3 months old were used for long term
experiment.

Five to six animals were caged in 2.5 cubic feet iron cages and provided with food
and water ad libitum. Laboratory prepared rat feed was used for the study, the
composition of which has already been mentioned (see, Ali and Shakoori, 1990).

Administration of insecticide

An insecticide belonging to chlorinated hydrocarbon group, DDT (1,1, 1-trichloro-
2,2-bis (4-chlorophenyl ethane), collected as 75% powder from Agriculture Department,
Government of the Punjab, was used for this study. The toxicant was administered to
animals alongwith the feed as three different doses for variable durations i.e., 100, 20
and 10 mg/kg body weight/day for 48 hour, 15 day and 18 month durations,
respectively. In first short term (ST-I) experiment, 800 mg DDT (75%) was added per
kg of dry feed. In second case (ST-II experiment) 525 mg of DDT was mixed with 3 kg
of feed while in long term (LT) case, 87.5 mg of DDT was thoroughly mixed per one kg
of dry rat feed, with small amount of water to prepare thick cakes of feed.
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Procedure adopted

A strong dose of DDT (100 mg/kg B.Wt./day) was fed to a group of 4 rats for
short term (48 hours) duration. Two weak doses (20 mg and 10 mg/kg/day) were
administered to two other groups of rats for 15 days and 18 months, respectively. A
control group was also treated similarly, except insecticide treatment for each
experiment.

After the stipulated periods of 24 and 48 hours in strong dose experiment, after 3,
6,9, 12 and 15 days in Ist week dose case and after 6, 12 and 18 months duration in
2nd week dose experiment, 3-6 animals were anaesthetized and dissected from both
DDT treated and control groups. Their liver samples were quickly removed and fixed in
Bouin's fixative.

The liver samples were further processed for microtomy using routine histological
techniques. About 6-8 um thick liver sections were prepared and stained with
haematoxyline and eosin differential staining technique, which were further studied for
various histological changes. The liver sections were also studied for different
" morphometric parameters, which include the size of hepatic cell, nuclei and nucleoli,
number of cells per microscopic field, number of nuclei per cell and number of nucleoli
per nucleus. Ocular micrometer was used for measuring the size of cell and its
components which was initially calibrated with stage micrometer.

RESULTS

Tables I-11T and Figures 1-24 show the effect of various doses of DDT (100 mg, 20
mg and 10 mg/kg/day) on the morphometric and histological structure of liver. The
hepatic cells increased in size in both short-term treatments. This increase was 29% in
24 hours feeding group and 23% in 48 hour feeding case. In second ST experiment this
increase was 14-26%. In 18 months (long-term) DDT t(reatment similar change in
hepatic cells was also found with 27-45% increase. The nucleolar size in this experiment
increased significantly which was 56% in 24 hour and 44% in 48 hour feeding group.
The number of nuclei/ceil and number of nucleoli/nucleus remained unaffected in all
three treatments. The number of cells/field showed significant decrease during both ST
experiments. This decrease was 16 and 22% during 48 hours and 17-28% in 15 day
treatments. The size of the nucleus remained unchanged in first ST experiment while in
second ST experiment when it was increased by 18% and showed 13% rise in 15 day
treatment. The nucleolar size did not show any significant change except 29% increase
at day 3 in 15 day DDT feeding experiment. Table III shows the effect of long term
feeding of DDT on the various histological parameters of rat liver. As is typical of all
the chlorinated insecticide toxicity in non-target organisms. the hepatic cells showed
hypertrophy. The hepatic cell size increased 33%, 27% and 45% with simultaneous
decline in number of cells/microscopic field with 22, 21 and 29% decrease after 6, 12
and 18 months of feeding, respectively. The nuclear size of hepatic cells increased
significantly (20%) after 18 months of insecticide feeding. The nucleolar size, on the
other hand, remained unaltered.
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Figs.1-6. Histological structure of normal rat liver showing hepatic sinusoidal spaces (Fig.1),
normal hepatic morphology (Figs.1-2). The hepatic structure of DDT-fed animals for 24
hour (Figs.3-4) and 48 hours (Figs.5-6) are also shown. Note disturbed sinusoidal areas and
hepatic cords (Fig.3), clear areas in the cytoplasm around nuclei and hypertrophy of
hepatocytes (Figs.3-4), darkly stained oval area around central vein, and fine clear areas in
the tissues (Fig.5), hypertrophied cells, nuclei with large clear areas around nucleus and in
cytoplasm (Fig.6). Magnification: Figs. 1, 3, 5, 50X; Figs. 2, 4, 6, 250X. Stain: haematoxylin
and eosin.

‘»
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Figs.7-12. Histological structure of rat liver fed on DDT-mixed diet for 3 days (Figs.7-9), 6
days (Figs.10-11) and 9 days (Fig.12). Note altered lobular morphology (Figs. 7-10), increase
in number of kupffer cells (Figs. 8-9), enlarged sinusoidal areas (Figs. 8, 9, 11), cellular and
nuclear hypertrophy (Figs.9-10) and slight vacuolation (Figs.10-12). Magnification: Fig.7,
25X; Figs. 8, 10, 50X; Fig. 12, 100X; Figs. 9, 11, 250X; Stain: haematoxylin and eosin.
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Figures 3 to 5 showed histological structure of liver of rat fed on DDT mixed diet
for 24 hours, while Figures 5 and 6 showed histological changes after 48 hours of DDT
feeding when compared with control liver (Figs.l-2). The hepatic cells and nucleoli
showed hypertrophy. The nuclei in 24 hour group were condensed with a clear space
around them. The blood vessels and bile canaliculi were prominently enlarged (compare
Figure 3 with Figure 1). In 48 hour treatment the nuclei were distinctly prominent and
vesicular with irregular clear zones in the tissue (Fig.6). The general hepatolobular
architecture showed abnormalities and necrotic region on the periphery (Figs.3-6), when
compared with control liver structure (Figs.1-2).

Prominent changes in hepatic structure of rat were observed following DDT
feeding for 3 days (Figs.7-9) 6 days (Figs.10-11), 9 days (Fig.12), 12 days (Figs.13-14)
and 15 days (Figs.15-16). The hypertrophied cells, well defined vesicular nuclei
enlarged kupffer cells and sinusoidal areas (Figs.9, 11, 14, 16, 18) swollen bile
canaliculi and other blood vessels (Figs.7-8, 17) when compared with control (Figs.1-2)
were the prominent structural changes in liver with increasing duration of DDT
administration. The cellular hypertrophy and formation of vesicular nucleus (Figs.11,
16. 18) became more prominent and disorganized lobular zones with disruption of
hepatic cord structure (Figs. 10 and 12-15) and fatty degeneration (Figs.11-13) were
further increased with increase in duration of treatment.

Table I: Effect of feeding DDT-mixed diet (100 mg/kg body weight/day) for 48
hours on various histological parameters of rat liver.

Parameters Control DDT-fed

24 hou;re 48 hours
No. of cells/ 291.42¢ 244.55" 228.49**
field (n=9) +16.73 +9 78 +13.52
No. of nuclet/ 1.10 1.15 1.18
cell (n=90) +0.08 +0.05 +0.07
No. of nucleoli/ 1.58 1.78 1.72
nucleus (n=90) +0.16 +0.25 +0.16
Size of cell 281.77 632" 345157
(p?: n=90) +11.46 +9.02 +6.30
Size of nucleus 39.57 37.54 40.98
(s n=90) +2.04 +1.18 +1.34
Size of nucleolus 2.52 393 3.62*
(Ji*: n=90) +0.34 +0.38 +0.26

Mean + SEM. Student's 't' test; *: P<0.05: **: P<0.01: ***: P<0.001.
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Figs.13-18. H:stologlcal structure of rat liver fed on DDT-mixed diet for 12 days (Figs.13-
14). 15 days (Figs.15-16) and 6 months (Figs.17-18). Note highly disorganised cord
morphology (Figs. 13, 15, 17) fairly abnormal sinuseidal areas with numerous round and
swollen kupffer cells (Figs. 13, 16, 17, 18), hypertrophied (Figs. 14, 18), irregular shaped
condensed nuclei (Figs. 15-17) and distorted blood vessels (Figs. 15, 17). Magnifications:
Figs. 13, 15, 17, 50X; Figs. 14, 16, 18, 250X; Stain: haematoxylin and eosin.

I
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Figs.19-24. Histological structure of rat liver fed on DDT-mixed diet for 12 months (Figs.19-
21) and 18 months (Figs.22-24). Note disturbed lobular and cord morphology distinctly
prominent membrane network (Figs. 19-20), cytoplasmic margination (19-23), extensive
vacuolation (Fig.23), hypertrophied (Fig.21) and irregular shaped condensed nuclei (Figs.
20, 21, 24). Magnification: Figs. 19, 22, 23, 50X; Fig. 20, 100X and Figs. 21, 24, 250X.
Stain: haematoxylin and eosin.

>
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Table II: Effect of feeding DDT mixed diet (20 mg/kg body weight/day) for 15
days on the various histological parameters of albino rat liver.

Parameters Control DDT-ted
3 davs G6days 9days .12days 15 days

No. of cells/ 267.444 242.39 221.29" 232.61 205.61"" 193.48™**
ficld (n=9) $15.13 - £11.19  © $948  $£12.77 +10.37  £9.87
No. of nuclei/ - 112 1.25 1.15 (5% 2 1.19 1.23
cell (n=90) +0.04 +0.06 +0.07 +0.04 +0.04 +0.09
No. of nucleoli/ 1.58 1.60 1.82 1.80 1.70 1.80
nucleus (n=90) +0.15 +0.14 +0.13 +0.24 +0.11 +0.25
Size of cell 270.63 298.36  308.18*" 309.12*" 334.82"°* 341.05**"
(u2: n=90) FUL21 3805 4780 4625 +8.05 +15:13
Size of nucleus 43.34 4540 4436 4698 (0 de (G
(1*: n=90) £1.20 £LT75 - 147 £1.56 4155 #1.35
Size of nucleolus 2.87 3.70" 3.35 3.26 3.80 3.09
(u*: n=90) +0.21 4025 +0.23 +036 1045 +0.60

dMean + SEM. Student's 't' test; *: P<0.05: #*: P<0.01; ***: P<0.001.

On comparison of Figures 17-18 (6 month feeding). 19-21 (12 months feeding) and
22-24 (18 months feeding) with figures 1-2 (control group) several histological changes
can be observed. Although the general hepatolobular architecture was maintained the
hepatic cells showed hypertrophy (Figs.20, 21, 24) after 12 and 18 months of DDT
feeding. The nuclei became well demarkated irregular shaped and condensed (Figs.17,
20 and 22). The plasma membranes of hepatic cells and bile canaliculi also became very
prominent (Figs.20-21). Eighteen and twelve months of DDT feeding also resulted in
appearance of numerous vacuoles in the hepatic tissue (Figs. 20, 21 and 23) which could
be fatty degeneration of hepatic tissue and are indicative of its toxicity. The hepatic
nuclei also became very much condensed and were surrounded by a clear zone (Figs. 19-
23).
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Table III:  Effect of feeding DDT mixed dict (10 mg/kg body weight/day) for a
total period of 18 months on the various histological parameters of rat

liver.

Parameters 6 months 12 months 18 months

Control DDT fed Control DDT fed Control DDT fed
No. of cells/ 238.372 184,78 269.41. 21390 244.64 174.81*"
field (n=9) +11.68 41049 41240 +1441 +10.71 +13.8l
No. of nuclev/ 1.07 .19 1o 1.17 1.04 1512
cell (n=90) +0.06 +0.08 +0.04 +0.08 +0.03 +0.04
No. of nucleoli/ 1.52 1.88 1.46 1.63 1.40 1.62
nucleus (n=90) +0.16 +0.31 +0.14 +0.21 +0.19 4+0.12
Size of cell 200.31 387.12**258.61 = 328.34™7273.44 395.56™"
(,u:: n=90) +8.78 +15.76 +14.17 +6.84 +11.19 +11.37
Size of nucleus 37.91 40.96 41.72 45.92 43.69 52.26"
(u=: n=90) +1.23 +150 +1.81 +1.57 +1.94 +2.88
Size of nucleolus 2.79 3.29 2.94 3.24 %14 350
(1*: n=90) +0.21  +£0.22 4030 +0.32 +0.24 +0.39

AMean + SEM. Student's ‘U’ test: *: P<0.05; #*: P<0.01; ¥**: P<0.001

DISCUSSION

The DDT feeding results in hypertrophy of hepatic cell and increase in its nuclear
and nucleolar size. In 48 hour feeding experiment the cell size showed about 23%
increase, while nucleolus showed 44 % increase after 48 hours of DDT feeding. In 15
day feeding experiment the cell size increased upto 26% while nucleus showed 18%
increasc. In 18 month feeding experiment, this increase was respectively, 45% and 20%.
The number of cells per microscopic field decreased by 22%, 28% and 29 % at 48 hours,
15 days and 18 months feeding experiment. The number of nuclei and nucleoli remained
unaltered.

Besides these changes in size of hepatic cell and its components, typical hepatic
damage, as manifested in the form of sinusoidal congestion, cellular vacuolation and
foamy appearance, was evident in the present study. Similar type of morphological
changes have been reported from other labortories (Datta and Dikshith, 1973)
Ramalingam (1985) has found harmful effects of DDT on liver structure which may lead
to alterations in wussue metabolism. DDT treatment produced moderate fatty
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Effect of feeding DDT mixed diet for three different durations on the various histological parameters

Table IV:
of rat liver. The values are shown as percent increase (+) or decrease (-) with reference to their
respective controls. g
DURATION OF DDT TREATMENT
Yarameters Hours Days Months
24 48 3 6 9 12 15 6 |2 18
*® e Hk ] 2 #A e
Cell size AT, b L R BT S FualiE TR g e
3 ek ok N
Nuclear size -5 +4 +5 +2 +8 +18 +13 +8 +10 +20
. o * s
Nucleolar size +56 +44 +29 +17 +14 +32 +8 +18 +10 +13
* Hesie * ¥ g % *%k Kk
No. of cells/ 16 -22 -9 -17 -13 -23 -28 -22 -21 -29
field
No. of nuclet/ = +5 +7 +12 +3 - +6 +10 +9 +5 +8
cell :
No. of nucleoli/ +13 +9 +3 +17 +15 +9 +15 +24 +12 +16
nucleus

£ P.0.05, *#: P<0.01: #*%: P<0.00] (Student’s 't test)
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degencration, ultrastructural changes in the mitochondria, endoplasmic reticulum and
lysosome in rat liver with maximum on day 60 (Kaloyanova-Simeonova er al., 1983). It
has been concluded in this study that after day 90, the adaptive process restricts the
further damage. Kimbrough ef al. (1971) have shown that 250 ppm DDT dose, given to
rats, caused enlargement of the hepatic cells around the central veins and cytoplasm has
smooth appearance. The dietary concentration of 500 ppm caused cytcplasmic inclusions
in number of hepatic cells and the enlargement of the cells (hypertrophy) had spread to a
larger portion of the liver lobules. Margination and moderate number of vacuolated cells
were also observed at this dose. These findings can also be correlated with the present
studies. Similar changes in hepatic structure following oral administration of other
organochlorine insecticides has already been reported from this laboratory (Ali and
Shakoori, 1990 1993). DDT also induced changes in other tissues of animals. Baronia
and Sahal (1993) reported induction of necrosis in seminiferous tissue hypertrophy in
germinal epithelium of sperm cells shrinkage of spermatogonia, spermatocytes and
spermatids following DDT feeding (@ 500 mg/kg B.Wt.) for six weeks in albino rats.
Although, DDT-induced carcinogenic changes in liver were not reporied during this
study. There are considerable evidences that DDT proved carcinogenic in different
animals (Thorpe and Walker, 1973; Kashyap er al., 1977), while Laws (1971)
concluded that DDT has antitumorigenic properties in a controlled experimental tumour
system. ;
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