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Abstract 
Lead is a widespread heavy metal and environmental pollutant which is released into the environment as 
automobile exhaust. It is toxic and affects different organisms including plants and animals. The present 
study was conducted to investigate the effect of lead on the haemogram of eri silkworms as haemogram 
serves as an indicator of the physiological status of an organism. Lead in the form of inorganic salt, lead 
nitrate was added to castor leaves at three different concentrations and fed to the 4th and 5th instar larvae 
of eri silkworm for 3 days to evaluate their effect. The data revealed that Total Haemocyte Count (THC) 
and Differential Haemocyte Count (DHC) of larvae treated with lead nitrate were affected. Significant 
reduction in THC was recorded in both 4th and 5th instar larvae as compared to normal larvae. DHC of all 
the different haemocytes (PR, PL, GR, SP, OE) decreased more or less as compared to normal. Blood 
volume of the treated larvae also decreased slightly but the reduction was not significant.   
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1. Introduction 
Environmental pollution with toxic and dangerous heavy metals is a major problem of recent 
time. Air born pollution is directly implicated in the toxicological decline of many organisms 
in nature. The major factors or contribution of environmental pollution is rapid 
industrialization, agricultural practices and most importantly automobile exhaust. In India, 
petrol and diesel motor vehicle emit a wide variety of pollutants, mainly Benzene, Carbon 
monoxide, Lead, Sulphur dioxide and other heavy metal such as Cadmium, Cobalt, Copper 
etc.  
Toxicity of heavy metals emitted from automobile exhaust have been shown to accumulate 
and cause damage and in extreme cases leads to death in living organisms including plants, 
animals and insects [1]. Heavy metals in insects have a clear effect on growth [2], mortality [3] 
and physiology [4, 5]. Lindquist [6] proved that an accumulation of heavy metal is of common 
occurrence in insects that feed on contaminated leaves. Heavy metal accumulated in the insects 
can exert toxic effects at all levels of the biological organisation [7]. 
Environmental pollution by heavy metal is a serious but largely unrecognised threat to 
sericulture. Sericulture, especially ericulture is a unique field of agriculture and environmental 
pollution is presently causing serious problems to the eri silk industry as the quality and 
quantity of the silk are being affected. Feeding of lead along with artificial diet is reported to 
affect the growth and development of the silk worm Bombyx mori [8]. The effect of lead on 
other insects is also reported to be profound [5]. 
The effect of lead on blood is more pronounced as it affects the circulating haemocytes. It is 
reported that Arsenic and Lead induction altered reactivity of haemocytes which may affect 
the propagation and survival of insect population by increasing its vulnerability to disease and 
parasitic effect [9]. 
Therefore the aim of the present study is to look into the possible effect of lead on the 
performance of the Eri silk worm (Philosamia ricini) as lead is reported to be one of the most 
widespread pollutants and is ranked second of all the hazardous substances by the Agency for 
Toxic Substance and Disease Resistant (ATSDR) [10]. The effect will be measured as changes 
in the haemogram of the insects. Haemogram represents the total number of haemocytes 
(THC) in relation to the blood volume as well as the different types of existing haemocytes 
(DHC).Haemocytes are responsible for various physiological processes, so the quantitative 
(THC) and qualitative (DHC) estimation of haemocytes is considered as an important measure 
of overall health of the insects [11].
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2. Materials and Methods 
The present study was carried out it the Department of 
Zoology, B. Borooah College as well as in the Bio Tech Hub 
of the same institution. 
 
2.1 Insect: The 4th and 5th instar larvae of Eri silkworm were 
used for the study as the highest compliment of haemocytes 
are recorded during their late instars [12]. The larvae of Eri 
silkworm were collected from the eri seed grainage located in 
Oujari, Morigaon district and were reared on castor leaves. 
 
2.2 Chemical and Dosage: Lead nitrate Pb (NO3)2 was used 
for the treatment in this current study. Here the leaf dipping 
method was used [13]. Lead nitrate solution was prepared with 
distilled water at three different concentrations. The applied 
concentrations were 25mg, 50mg and 75mg per 1000ml of 
distilled water, which was fed to the 4th and 5th instars larvae 
for 3 days. For each dosage group, 6 larvae were used. A 
control group of 6 larvae were maintained for comparison, 
which were fed with untreated leaves of the same host plant. 
 
2.3 Total haemocytes count (THC): First the larvae of each 
instar were fixed in hot water at 56-60oC for 2min. After heat 
fixation, the larvae were dried on a filter paper. A proleg 
present on the 7th abdominal segment of the larva was cut at 
the tip and first few drops of pale greenish yellow blood were 
collected on a clean glass slide. The blood drop was drawn 
into a Thoma white blood cell pipette up to 0.5 marks and 
diluted up to the 11 mark with the physiological saline 
solution. The pipette was then shaken for several minutes and 
the first drop was discarded and the haemocytometer was 
filled with it. Haemocytes were then counted in the four 
Corner Squares of the Neubaeur ruling haemocytometer and 
the total numbers of circulating haemocytes per cubic 
millimetre were calculated using the following formula 
suggested by Jones [14]: 
 

 
 
Where, Dilution = 20 times 
Depth factor of the chamber = 10 (constant) and 
No. Of square counted= 4 
 
2.4 Differential Haemocyte Count (DHC): One drop of 
haemolymph was placed on a sterilized glass slide and then 
drawn into a thin film by the edge of another slide and the 
film air dried. After that, few drops of methanol were applied 
on the slide as a fixative. After drying the slide, few drops of 
Giemsa stains were applied for staining the slide. After 3-5 
min, the slide was washed with distilled water and observed 
under microscope. 
 
2.5 Blood volume (BV): Blood volumes of Eri silkworm 
were recorded following Yeager and Munson method[15]. 
 
2.6 Data Analysis: Statistical analysis for cell data were 
performed using MS office excel 2017, and SPSS 21. The 
results were expressed as mean ± standard deviation (X ± 
SD). 
 
3. Result 
3.1. Effect of lead on Total haemocyte count (THC) in the 
4th and 5th instar larvae of Philosamia ricini: It is evident 
from the data shown in Table 1 that the number of THC of 
both 4th and 5th instar larvae of eri silk worm decreases with 
the increase in lead concentration. Significant reduction of 
THC was recorded with all the three concentrations of lead 
used in the experiment. However, lowest THC value was 
recorded in both 4th instar (6233.33±225.46) and 5th instar 
(15166.66±725.14) larvae when treated with the highest 
concentration of 75mg/1000ml which was highly significant 
compared to control. Thus, from the above result, it is clear 
that increased concentration of lead nitrate affect the cell 
numbers. 

 
Table 1: Total Haemocyte Count (THC) of normal and treated 4th and 5th instar larvae of Philosamia ricini 

 

Developmental stage 
Control Group 
(Mean ±S.D) 

Treated group(Mean±S.D) 
25mg/1000ml 50mg/1000ml 75mg/1000ml 

4th instar 22166.66±2578.80 12300±1732.30* 7566±1147.10** 6233.33±225.46*** 
5th instar 72150±3130.10 26366.66±1275.18*** 18733.33±971.25*** 15166.66±725.14*** 

 Mean ±S.D, (P>0.05), *=P<0.05, **=P<0.01, ***=P<0.001 
  
3.2. Effect of lead on blood volume in the 4th and 5th instar 
larvae of Philosamia ricini: Table 2 depicts the blood 
volume of both 4th and 5th instar larvae of eri silk worm under 

normal and treated condition. Although change in blood 
volume was recorded among the control and treated groups, it 
was observed that the difference was not significant.  

 
Table 2: Blood volume of normal and treated 4th and 5th instar larvae of Philosamia ricini 

 

Developmental 
stage 

Control Group 
(Mean±S.D) 

Treated group(Mean±S.D) 
25mg/1000ml 50mg/1000ml 75mg/1000ml 

4th instar 0.187±0.021 0.183±0.015ns 0.155±0.008 ns 0.145±0.012 ns 
5th instar 1.689±0.20 1.33±0.18 ns 1.02±0.21 ns 0.99±0.14 ns

Mean±S.D, ns= not significant (P>0.05), *=P<0.05, **=P<0.01, ***=P<0.001 
 

3.3. Effect of lead on Differential Haemocyte count (DHC) 
in the 4th and 5th instar larvae of Philosamia ricini: The 
present study revealed the presence of different haemocytes 
namely, Prohaemocytes (PR), Plasmatocytes (PL), 
Granulocytes (GR), Spherulocytes (SP) and Oenocytes (OE) 
in variable numbers in the haemolymph of 4th and 5th instar 
larvae of P. ricini. Granulocytes were the most abundant 
(37.36±2.30 and 36.49±3.00) whereas the oenocytes 
(8.72±2.42 and 7.41±0.99) were the least abundant 

haemocytes in both 4th and 5th instar larvae. Table 3 shows the 
change in DHC after treatment with different concentration of 
lead extract. 
In the 4th instar larvae, significant reduction in GR 
(21.80±1.23), SP (5.65±1.99) and OE (2.50±1.59) was 
recorded when treated with 50 mg/1000ml and 75 mg/1000ml 
concentration of lead. However, at lower concentration, 
decrease in the number of different haemocytes was not 
significant compared to control.  
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Table 3: Differential Haemocyte count (DHC) of normal and treated 4th and 5th instar larvae of Philosamia ricini 
 

Types of haemocytes Developmental stage Control 
Treated group (Mean±S.D) 

25mg/1000ml 50mg/1000ml 75mg/1000ml 
PR 

 
4th instar 17.75±1.57 23.05±2.90ns 19.02±1.70 ns 18.11±1.98 ns 
5th instar 25.65±3.21 23.02±2.35 ns 21.62±2.87 ns 14.52±1.87* 

PL 
4th instar 21.30±3.00 20.05±2.93 ns 19.87±1.22 ns 18.28±1.51 ns 
5th instar 18.92±2.66 18.86±0.83 ns 17.34±1.82 ns 15.55±1.23 ns 

GR 
4th instar 37.36±2.30 33.17±2.50 ns 30.07±2.13* 21.80±1.23*

5th instar 36.49±3.00 34.67±2.18 ns 33.42±0.80 ns 31.41±2.14 ns 

SP 
4th instar 12.35±2.64 8.11±2.33 ns 6.73±1.25* 5.65±1.99* 
5th instar 13.33±3.33 10.28±2.23 ns 6.00±2.15* 5.25±1.28*

OE 
4th instar 8.72±2.42 6.16±1.98 ns 3.86±1.95* 2.50±1.59* 
5th instar 7.41±0.99 5.19±1.40 ns 4.21±0.96* 2.30±1.11** 

 Mean±S.D, ns= not significant (P>0.05), *=P<0.05, **=P<0.01, ***=P<0.001 
 
Similar results were also obtained in 5th instar larvae for SP 
and OE. But in case of GR no significant difference with the 
control group was observed, neither at low concentration nor 
at higher concentration. Highly significant difference was 
recorded between OE and control when treated with the 
highest concentration where the number of OE was found to 
be as low as 2.30±1.11. 
 
4. Discussion 
In our study we could identify five types of haemocytes, viz- 
Prohaemocyte, Plasmatocyte, Granulocyte, Spherulocyte and 
Oenocytoids based on their morphology, following Jones [14]. 
This was in accordance with the reports of Akai and Sato [16] 
working on Bombyx mori. Differences with other reported 
works on other species [17, 18] might be attributed to the 
differences in insect species or even developmental stages. 
The observed variation in haemocytes is common in insect 
species as they are sensitive entities in the haemolymph. Their 
numbers are reported to fluctuate under insecticide stress and 
response to immune system against external exposure. 
Pesticides are known to intervene in the intermediate 
metabolism of the exposed targets which probably lead to the 
degeneration of the haemocytes resulting in their decreased 
numbers [19] as observed in our study. 
The observed decline in THC in the treated worms may be 
correlated with the decrease of some of the haemocyte types 
(viz-PR, PL, GR, SP, OE etc) in the haemolymph as a counter 
measure against non-self materials. Reduction in THC may 
also be due to toxicity of the pollutant and their inhibitory 
effects on hematopoietic functions [20]. Decline may also be 
attributed to the death of cells by degeneration when exposed 
to the challenges which in this case is lead nitrate [12]. Barkat 
et al. [21] suggested that decline in THC may also occur due to 
the phagocytic activities of the haemocytes which constitute 
immunocytes in insects and their subsequent lysis. 
Agglutination induced by the external challenges may also be 
a cause of their reduced numbers on exposure to harmful 
chemicals [22].  However the observed reduction in PRs 
which serves as stem cells to other cells could be correlated to 
the transformation of PRs into other cell types [23] or 
destruction of haemopoietic organs responsible for the 
production of PRs [24]. Conversion of PRs to other cell types 
viz- GR, SP etc under stress condition is necessary as the 
other cell types get degenerated due to phagocytic activities, 
lysis, degeneration etc on being exposed. SP decline in treated 
insects may be due to effective utilization of fat reserves 
during the period of decreased respiratory metabolism and 
also to produce extra energy under stress condition [25]. The 
involvement of OEs in the synthesis of Phenoloxidase enzyme 
cascade may be responsible for the decrease in their number 
in the treated larvae [26]. 

So from the above discussion it is evident that exposure to 
lead pollutants present in automobile exhaust is detrimental to 
the health and performance of Eri silkworms. The observed 
effect on the haemogram of the larvae suggests the effect of 
lead on the physiology and immunity of the insects. Such 
effect on Philosamia ricini which is a commercially important 
species impact on the economy of the people involved in Eri 
silk culture. That is why lead pollution of the atmosphere is 
proving to be deleterious to such cultures as a whole and 
needs to be given serious attention by all concerned. 
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