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Abstract: Studies on cold acclimation of insects including silkworms have shown significant 

variations in the levels of various biomolecules to cope with heat-shock. The present study 

has been carried out on cold-stressed 5th instar Philosamia ricini Hutt larvae to assess the 

physiological strategy adopted by this silkworm species for its survival at low temperatures. In 

this study, various biochemical assays have been performed in hemolymph, silk gland, and fat 

body of the larvae. The results revealed that exposure to low temperatures (10°C ± 1°C) leads 

to the accumulation of high levels of glycerol content in hemolymph, silk gland, and fat body of 

larvae in comparison with control group reared at ambient temperature conditions (25°C ± 3°C). 

The treatment of P. ricini larvae with low temperatures resulted in decreased trehalose content 

in all 3 insect tissues tested. The activities of phosphatases (acid and alkaline) were found to be 

significantly increased. However, the activities of aminotransferases (L-alanine-2-oxoglutarate 

aminotransferase [GPT, EC: 2.6.1.2] and L-aspartate-2-oxoglutarate aminotransferase [GOT, 

EC: 2.6.1.1]) were significantly inhibited in the hemolymph. The data indicated that trehalose 

could function as the major carbohydrate source of energy in acclimated 5th instar P. ricini 

larvae, whereas glycerol appears to confer cryoprotection.

Keywords: acclimation, aminotransferases, hydrolases, silk gland, hemolymph

Introduction
Insects have evolved different physiological strategies to overcome drastic and adverse 

changes in their surrounding environment. Temperature plays a major role in their 

physiological behavior. The profound acclimative changes to low temperature in the 

metabolism of insects, especially lepidopterans by production of various cryopro-

tectants like glycerol, trehalose, sorbitol etc are well known.1–6 Several species of 

freeze-tolerant insects are reported to accumulate glycerol or other polyols during 

autumn and winter.7 The importance of glycerol accumulation in winter survival of 

various dipausing insects has also been reported in a number of studies.2,8,9

Although the adaptive strategies exhibited by various insects in response to tem-

perature variations are well known, only a few studies show the change in rate of 

acclimation in insects in response to extreme temperatures such as cold stress. For the 

present study, we have selected Philosamia ricini Hutt, which is a continuously breed-

ing lepidopteran and does not go into diapause. P. ricini silkworm has been used due to 

its capability of smooth rearing and survival at the ambient environmental  conditions 

in the Allahabad region. The major developments in larvae take place between the 

3rd and 5th instar stages, and at the culmination of the 5th instar stage they spin a silk 

cocoon and change into pupae.10 The pupae spend 3 weeks in the cocoon and then 
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acid and alkaline  phosphatases were assayed by the method 

described by Fiske and Subbarow.20 Glutamic-pyruvic 

transaminase (GPT) and glutamic-oxaloacetic transaminase 

(GOT) were estimated by the method described by Reitman 

and Frankel.21

Statistical analysis
Each assay was replicated 3–4 times. Values were expressed 

as mean ± SE of replication and Student’s t-test was applied 

to locate significant (P , 0.05) differences between treated 

and control groups.

Results
The rates of survival and mortality were determined by incu-

bating the insect larvae at a low temperature (10°C ± 1°C) 

for varying treatment periods and comparing the count of 

living organisms with those incubated at room temperature 

(25°C ± 3°C) as shown in the Materials and methods sec-

tion. Low-temperature exposure of the larvae of P. ricini 

for 7 days resulted in a high rate of mortality to the extent 

of 30% (P # 0.05). When the larvae were reverted back to 

normal temperatures, all remaining insects became flaccid 

and lost the capacity to spin normal cocoons. Fifty percent of 

the larvae died on the 8th day. At the end of the 11th day all 

larvae were found dead. Marked loss in body weight of the 

larvae due to cold treatment was also observed. Larvae lost 

about 20% of their body weight on the 7th day of incubation 

at low temperature (data not shown).

The impact of low temperature treatment on the 5th 

instar larvae of P. ricini was also observed. After 7 days 

exposure to 10°C, the skin color of larvae changed to yel-

lowish green from its initial greenish white color. The body 

size of the larvae was observed to be reduced. The larvae 

became sluggish and flaccid in appearance. When the larvae 

subjected to 7 days cold stress were kept at room temperature 

for 3–4 days, approximately 40% loss in body weight was 

recorded. The color of the larvae changed to black leading 

to 100% lethality (data not shown).

The exposure of the insect larvae to low temperature is 

expected to lead some changes in its biochemical constitu-

ents. Hence, the experiments were conducted to estimate 

the levels of some key biomolecules such as proteins, total 

carbohydrates including trehalose, total free amino acids, and 

glycerol using standard procedures as described in the Mate-

rials and methods section. The results shown in Tables 1–3 

indicate that cold stress profoundly affects the levels of pro-

teins, carbohydrates, trehalose, free amino acids and glycerol 

contents in different parts of the insect larvae.

emerge as imago to mate and lay eggs. The eggs hatch into 

worms in a few weeks, and their life cycle continues.

However, there are very few reports available regarding 

impact of low temperatures on the metabolic or physiological 

activities of the silk worms. Keeping these facts in view, we 

subjected 5th instar larvae of P. ricini to cold stress in order 

to find out the variations in the levels of various biomol-

ecules such as proteins, total carbohydrates, trehalose, total 

free amino acids and glycerol, which play crucial roles in 

regulating various physiological activities of the insect. In 

addition, the activities of some key enzymes such as alkaline 

and acid phosphatases [EC: 3.1.3.1 and 2; AcP and AlP] as 

well as L-alanine-2-oxoglutarate aminotransferase [GPT, 

EC: 2.6.1.2] and L-aspartate-2-oxoglutarate aminotransferase 

[GOT, EC: 2.6.1.1] have also been determined. The activ-

ity of AcP has been implicated in pupal development and 

reproduction of the insect,11 whereas the activities of GPT 

and GOT are involved in protein metabolism in major tissues 

like silk gland, fat body and hemolymph.12 The study would 

help in understanding the physiological strategy adopted by 

silkworm species to withstand low temperatures.

Materials and methods
Newly hatched larvae of P. ricini (200) were reared on ten-

der fresh leaves of castor plants (Ricinus communis) in the 

laboratory at 25°C ± 3°C and humidity 90%–95%. The 5th 

instar larvae of the insect were divided into 4 groups; each 

containing an equal number (50) of larvae in plastic trays. 

One of the groups served as a control (reared at 25°C ± 3°C) 

and the other 3 were acclimated at 10°C ± 1°C for varying 

treatment durations (2, 4, and 7 days). Their weights, mortal-

ity rate, and morphological change were recorded on alternate 

days up to 7 days of treatment duration.

After 7 days of exposure, their hemolymph was collected. 

The larvae were dissected in ice-cold Bodenstein’s Ringer 

solution, and their silk glands and fat body were excised 

out.13,14 The 20% (w/v) homogenates of silk gland and fat 

body were prepared in 50 mM Tris-HCl buffer (pH 7.0) in a 

Potter Elvenhauz homogenizer. The homogenate was centri-

fuged at 10,000 rpm and 4°C for 30 minutes. Supernatant was 

collected for quantitative estimation of the metabolites.

Total protein content was assayed as described earlier 

by Lowry et al,15 whereas total carbohydrate was deter-

mined according to Trevelyan and Harrison.16 Trehaolse 

was estimated by the method described by Wyatt and 

Kalf,17 and total free amino acids were assayed by the 

method of Rosen.18 Glycerol content was estimated by the 

method described by Korn.19 The activities of enzymes 
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Table 2 effect of exposure to low temperature on some 
biomolecules in the silk gland of 5th instar larvae of Philosamia 
ricini for 2, 4, and 7 days

Parameters Control  
(mg/g wet  
wt. tissue)

Experimental (mg/g wet wt. tissue)

2 days 4 days 7 days

Protein 108.0 ± 0.7 95.5 ± 0.34 
(11.5)

86.2 ± 0.32a 
(20.2)

74.0 ± 0.31 
(31.5)

carbohydrate 49.5 ± 0.18 56.2 ± 0.31 
(+13.5)

61.4 ± 0.33 
(+24.0)

71.5 ± 0.29a 
(+54.4)

Trehalose 43.5 ± 0.24 41.2 ± 0.28 
(5.3)

39.6 ± 0.30 
(8.9)

37.0 ± 0.32a 
(14.9)

Free amino  
acid

16.5 ± 0.18 21.2 ± 0.15a 
(+28.5)

28.5 ± 0.14 
(+72.7)

36.0 ± 0.12 
(+118.2)

glycerol 20.5 ± 0.18 26.0 ± 0.12 
(+26.8)

32.0 ± 0.30a 
(+56.1)

43.5 ± 0.24a 
(+112.2)

Notes: The P. ricini 5th instar larvae (50 in each experimental set) were acclimated 
up to 7 days at 10°c ± 1°c for the experimental set, whereas the control group 
insects were reared at 25°c ± 3°c for the similar period. The biomolecules were 
estimated using the standard procedures as described in the Materials and methods 
section. each value represents the mean ± SeM of 3 different observations. The 
values presented in parentheses indicate the percentage increase (+) or decrease 
(-) over control. aSignificantly different at P # 0.05 (Students’ t-test).

Table 3 effect of exposure to low temperature on some 
biomolecules in the fat body of the 5th instar larvae of Philosamia 
ricini for 2, 4, and 7 days

Parameters Control  
(mg/g wet 
wt. tissue)

Experimental (mg/g wet wt. tissue)

2 days 4 days 7 days

Protein 92.0 ± 0.31 82.6 ± 0.16 
(10.2)

74.5 ± 0.17a 
(19.0)

64.5 ± 0.19 
(29.9)

carbohydrate 51.5 ± 0.24 49.7 ± 0.12 
(3.5)

48.5 ± 0.15a 
(5.8)

47.0 ± 0.10a 
(8.7)

Trehalose 45.5 ± 0.24 42.5 ± 0.20 
(6.6)

38.2 ± 0.22a 
(16.0)

34.5 ± 0.18 
(24.2)

Free amino  
acid

22.0 ± 0.23 21.2 ± 0.22 
(3.6)

19.0 ± 0.21a 
(13.6)

17.5 ± 0.24 
(20.5)

glycerol 12.5 ± 0.18 14.0 ± 0.11a 
(+12.0)

18.5 ± 0.18 
(+48.0)

22.5 ± 0.18a 
(+80.0)

Notes: P. ricini 5th instar larvae (50 in each experimental set) was acclimated for 
7 days at 10°c ± 1°c for the experimental set, whereas the control group insects 
were reared at 25°c ± 3°c. The biomolecules were estimated using the standard 
procedures as described in the Materials and methods section. each value represents 
the mean ± SeM of 3 different observations. The values presented into the parentheses 
indicate the percent increase (+) or decrease (-) over control. aSignificantly different 
at P # 0.05 (Students’ t-test).

Table 1 effect of exposure to low temperature on some 
biomolecules in the hemolymph of the 5th instar larvae of Philosamia 
ricini for 2, 4, and 7 days

Parameters Control  
(mg/ml)

Experimental (mg/ml)

2 days 4 days 7 days

Protein 15.1 ± 0.29 17.2 ± 0.31 
(+13.9)

20.4 ± 0.18 
(+35.1)

25.5 ± 0.77a  
(+68.9)

carbohydrate 11.6 ± 0.31 10.1 ± 0.24a 

(12.9)
9.5 ± 0.19  
(18.1)

8.1 ± 0.18 
(30.2)

Trehalose 10.0 ± 0.04 8.0 ± 0.18  
(20.0)

7.2 ± 0.23a 

(28.0)
5.7 ± 0.18 
(43.0)

Free amino  
acid

9.1 ± 0.24 10.1 ± 0.23  
(+10.9)

11.0 ± 0.7  
(20.8)

11.7 ± 0.29a  
(+28.6)

glycerol 5.5 ± 0.18 6.5 ± 0.17  
(+18.2)

7.7 ± 0.29  
(+40.0)

10.4 ± 0.23a  
(+89.1)

Notes: The P. ricini 5th instar larvae (50 in each experimental set) were acclimated 
up to 7 days at 10°c ± 1°c for the experimental set, whereas the control group 
insects were reared at 25°c ± 3°c for the similar period. The biomolecules were 
estimated using the standard procedures as described in the Materials and methods 
section. each value represents the mean ± SeM of 3 different observations. The 
values presented in parentheses indicate the percentage increase (+) or decrease 
(-) over control. aSignificantly different at P # 0.05 (Students’ t-test).

When compared with the control, the levels of protein 

(14%–69%), total free amino acids (11%–29%), and glycerol 

(18%–89%) were found to be increased in the hemolymph 

of cold-stressed larvae after the treatment durations from 

1 day to 7 days (Table 1). The results also reflected that the 

cold-stress treatment of 7 days caused drastic change in the 

levels of protein and glycerol to the maximum extent; the rise 

in the values being 69% and 89%, respectively. The level of 

another key biomolecule, free amino acids, was found to be 

increased by 29% only under same treatment conditions. In 

contrast, the significant (P # 0.05) decrease in the levels of 

total carbohydrate (up to 30%) and trehalose (up to 43%) 

was recorded in the hemolymph of cold-stressed subjects 

(Table 1). The data suggest that the impact of the cold 

stress on the insect larvae was dependent on the  duration 

of treatment.

Similar experiments were conducted in the silk gland of 

the insect. The results as presented in Table 2 indicate marked 

increase in total carbohydrate by about 13%–54%. However, 

the levels of protein and trehalose deceased, respectively, by 

12%–32% (P # 0.05) and 5%–15%. A significantly high 

increase in the concentration in the total free amino acids and 

glycerol content ranged up to 29%–118% and 27%–112%, 

respectively, after 7 days cold exposure to the 5th instar 

 larvae. The results also reflected that the cold-stress treatment 

of 7 days caused drastic changes in the levels of free amino 

acid and glycerol to the maximum extent; the values being 

118% and 112%, respectively (Table 2). Also, the biochemi-

cal analyses carried out on fat body of cold-stressed 5th instar 

larvae showed a remarkable increase in the level of glycerol 

in the range of 12%–80% as compared with the control group 

(Table 3). However, only a small decrease was observed in the 

levels of protein, carbohydrate, trehalose, and total free amino 

acids (Table 3); the values being in the range of 10%–30%, 

6%–9%, 4%–21%, and 7%–24% (P # 0.05) for protein, total 

carbohydrate, free amino acids, and trehalose, respectively.
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Apart from studying the levels of some key biomolecules 

in cold-stressed 5th instar larvae of P. ricini, the effects of 

low temperature on the activities of some important enzymes 

were observed. The results presented in Table 4 indicate that 

the activities of these enzymes reflect the impact of cold stress 

differently. The activities of one of the hydrolases, alkaline 

phosphatase, showed a very significant increase in the range 

of 22%–67% (P # 0.05) in the hemolymph of the insect 

larvae. In contrast, the level of acid phosphatase registered a 

significant (P # 0.05) decrease in the range of 12%–28% due 

to cold stress. The activities of the aminotransferases such as 

GPT and GOT also decreased in the range of 17%–54% and 

28%–63%, respectively, when compared with the control group 

larvae (Table 4). The impact of cold stress on the activities of 

these enzymes from hemolymph was found to be dependent 

on duration of cold treatment.

The similar study was conducted to assess the impact of 

cold stress on the activities of these enzymes isolated from 

the silk gland of 5th instar larvae of P. ricini. The results 

presented in Table 5 showed that the cold-stress treatment 

resulted in a very drastic increase in the activity of hydrolases 

(acid and alkaline phospahatases) as well as transaminases 

(GPT and GOT); the values of percentage increase being 

123%, 299%, 210% and 119%, respectively, after the 7th 

day of treatment. The extents of increase in acid and alkaline 

phosphatases were found to be 33%–123% and 75%–299% 

(P # 0.05), respectively, whereas the aminotransferases 

such as GPT and GOT were 65%–211% and 28%–119%, 

respectively. Thus, the results reflected that the cold-stress 

treatment caused increasing trend of activation of all these 

enzymes in the silk gland over the increasing periods of 

exposure to cold stress.

In the fat body of the insect larvae, the impact of cold 

stress was found to be different (Table 6). The significant 

elevations in the activities of the hydrolases were recorded 

due to cold stress; the values being maximum for alkaline 

phosphatase (269%), followed by acid phosphatase (142%) 

after the 7th day of the exposure. However, only a small 

increase (8.6%) in the activity of GPT and an insignificant 

decrease (8%) in the activity of GOT were observed.

Discussion
Many researchers have reported that the insect brain 

which receives the alteration signs of the factors, such 

as photoperiod and thermoperiod, causes the changes of 

nerve and endocrine systems affecting physiological and 

biochemical variations in the body.7 In the present study 

it is seen that the silkworm P. ricini exhibits marked 

changes in its metabolic activity in response to low tem-

perature acclimatization. The mortality of P. ricini at low 

temperature exposure is time-dependent. The larvae lose 

their capacity to spin normal cocoons when reverted back 

to normal temperature. The probable reason behind this 

Table 5 effect of exposure to low temperature (10ºc) on some 
key enzymes in the silk gland of 5th instar larvae of Philosamia ricini 
for 2, 4, and 7 days

Enzymes Control  
(units mg-1 
protein

Experimental (units mg-1 protein)

2 days 4 days 7 days

Acid  
phosphatasea

22.2 ± 0.20 30.2 ± 0.16 
(+33.0)

39.4 ± 0.15c 
(+73.5)

50.7 ± 0.14c 
(+123.4)

Alkaline  
phosphataseb

8.8 ± 0.70 15.4 ± 0.17c 
(+75.0)

24.8 ± 0.15 
(+181.8)

35.1 ± 0.14 
(+299.3)

gPT 31.7 ± 1.84 52.2 ± 0.78 
(+64.6)

65.4 ± 0.74 
(+106.3)

98.5 ± 0.8 
(+210.6)

gOT 28.5 ± 2.14 36.6 ± 1.50c 
(+28.4)

48.2 ± 1.48 
(+69.1)

62.5 ± 1.53c 
(+119.1)

Notes: P. ricini 5th instar larvae (50 in each experimental set) was acclimated 
for 7 days at 10°c ± 1°c for the experimental set, whereas the control group 
insects were reared at 25°c ± 3°C. 1 unit of phosphatase has been defined as the 
1 mg Pi per 100 mL/h and 1 unit of the activity of transaminases as 1 mM pyruvate 
per mL per 30 minutes for GPT and per 60 minutes for GOT. The specific activity 
has been expressed as units/mg protein. The results represent the average values 
of 3 independent experiments. The values in parentheses indicate percent increase 
(+) or decrease (-) over control. a,bThe values are to be multiplied by a factor of 10.4  
cSignificantly different at P # 0.05 (Students’ t-test). 
Abbreviations: gPT, glutamic-pyruvic transaminase; gOT, glutamic-oxaloacetic 
transaminase.

Table 4 effect of exposure to low temperature (10ºc) on some 
key enzymes in the hemolymph of 5th instar larvae of Philosamia 
ricini for 2, 4, and 7 days

Enzymes Control  
(units mg-1 
protein)

Experimental (units mg-1 protein)

2 days 4 days 7 days

Acid  
phosphatasea

56.9 ± 0.16 50.0 ± 0.20c 
(12.1)

45.2 ± 0.14 
(20.5)

41.2 ± 0.49 
(27.7)

Alkaline  
phosphataseb

15.2 ± 0.04 18.5 ± 0.14 
(+21.7)

22.5 ± 0.28c 
(+48.0)

25.5 ± 0.15 
(+67.4)

gPT 24.4 ± 1.32 20.2 ± 0.72 
(17.2)

16.5 ± 0.75c 
(32.4)

11.2 ± 0.81c 
(54.3)

gOT 96.5 ± 1.22 70.0 ± 1.40 
(27.5)

48.6 ± 1.45 
(49.6)

35.7 ± 1.53c 
(62.9)

Notes: P. ricini 5th instar larvae (50 in each experimental set) was acclimated for 
7 days at 10°c ± 1°c for the experimental set, whereas the control group insects 
were reared at 25°c ± 3°C. 1 unit of phosphatase has been defined as the 1 mg Pi 
per 100 mL/h and 1 unit of the activity of transaminases as 1 mM pyruvate per mL 
per 30 minutes for GPT and per 60 minutes for GOT. The specific activity has 
been expressed as units/mg protein. The results represent the average values of 
3 independent experiments. The values in parentheses indicate percent increase 
(+) or decrease (-) over control. a,bThe values are to be multiplied by a factor of 10.4 
cSignificantly different at P # 0.05 (Students’ t-test).
Abbreviations: gPT, glutamic-pyruvic transaminase; gOT, glutamic-oxaloacetic 
transaminase.
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altered behavior due to the severe cold stress could be 

that the corpora allata gland of the insect is stimulated 

to increase the hemolymph juvenile hormone titer, which 

consequently inhibits the activity of the prothoracic gland 

and arrests larvalpupal ecdysis.22,23

It is seen that the exposure to low temperature stimulates 

the accumulation of low molecular weight cryoprotectants 

and synthesis of some antifreeze proteins.24,25 In our study, the 

observed increase in the protein content in the hemolymph 

tissue of cold-stressed larvae reflects on the reduced amount 

of food intake at low temperature. This also confirms that 

proteins are not a source of energy in colder environments, 

but are involved in lowering the super cooling and freez-

ing points and thus protect the larvae from injury caused 

by ice crystals.7,26 Perhaps trehalose, a major carbohydrate, 

alone needs the energy requirement during this period, 

since a decrease is observed in contents after low temperature 

acclimatization.27–29

Although glycerol is the most common cryoprotectant in 

overwintering insects, other commonly reported compounds 

are trehalose, glucose, fructose, sorbitol, and mannitol.7 

These compounds are believed to protect organisms during 

both freezing and thawing and prolonged exposures to low 

non freezing temperatures in various ways.7 The advantage of 

polyols as cryoprotectants is that they may dissolve in water, 

penetrate freely through membranes in or out, as well as not 

interfering with the metabolic procedures. Besides, they can 

stabilize natural state of protein and prevent denaturation of 

proteins at sub optimal temperatures or freezing.7,30

In our study, the accumulation of glycerol confirms that 

this lepidopteron insect survives severe cold exposure for 

one week mainly due to its cryoprotective nature. It seems 

that cryoprotective effect of glycerol is based on the colli-

gative properties of the substances. Glycerol has the ability 

to lower the concentration of potentially harmful solutes by 

colligative means. Thus, it protects the insect from damage 

due to freezing.8,9,30,31

Decrease in the free amino acid content in fat body of 

stressed P. ricini larvae may indicate the possibility of active 

feeding of amino acid in Kreb’s cycle and glycolytic pathway 

to meet the emergent energy needs as well as their utilization 

in the production of some new proteins synthesized to cope 

with the low temperature stress.7,12

Hydrolase is a group of enzymes that catalyzes the 

hydrolysis of a chemical bond during a metabolic process 

and is mainly involved in lysosomal activities. The signifi-

cant increase in the levels of key hydrolases such as acid 

and alkaline phosphatases in silk gland and fat body may be 

due to the rupturing of various cellular and lysosomal mem-

branes that contain the hydrolytic enzymes, resulting in an 

increase in their activities as reported by other workers.11,32,33 

These results also indicate that cold stress targets primarily 

the activities of silk glands and fat body in the larvae of 

silkworm.

Transaminases are the group of enzymes involved in the 

reversible transfer of an amino (NH
2
) group from an α-amino 

acid to an α-ketoacid, especially α-ketoglutaric acid. The 

observed decrease in activity of the enzymes., GPT and GOT 

in hemolymph and fat body is suggestive of their subdued 

functions at low temperature.12

In conclusion, it was observed that trehalose had a protec-

tive role in response to cold stress in P. ricini larvae; there-

fore, the increased concentration of trehalose should have 

been expected. In another study with C. riparius exposed to 

anoxia it has been reported that the decrease of total protein 

content is indicative of its degradation into amino acids as 

they contribute to energy supply in the insect.12 In the pres-

ent investigation, when the P. ricini larvae were exposed to 

cold stress, similar results were obtained. In consonance 

to the above findings, the enhancement in the activities of 

transaminases as observed in the silk gland and the fat body 

tissues of the cold-stressed P. ricini larvae indicated that both 

transaminases, GOT and GPT, might lead to the supply of 

the precursors for the Krebs cycle towards generation of the 

energy, as it is known that many amino acids and  metabolites 

Table 6 effect of exposure to low temperature (10ºc) on some 
key enzymes in the fat body of 5th instar larvae of Philosamia ricini 
exposed for different days

Enzymes Control  
(units mg-1 
protein)

Experimental (units mg-1 protein)

2 days 4 days 7 days

Acid  
phosphatasea

19.6 ± 0.28 28.2 ± 0.18 
(+43.8)

35.5 ± 0.20c 
(+81.1)

47.3 ± 0.21 
(+141.7)

Alkaline  
phosphataseb

6.5 ± 0.03 12.4 ± 0.06 
(+90.7)

18.5 ± 0.08 
(+184.6)

24.0 ± 0.04c 
(+268.5)

gPT 15.9 ± 1.32 16.4 ± 1.22 
(+3.1)

16.8 ± 1.30c 
(+5.6)

17.4 ± 1.32 
(+8.6)

gOT 46.3 ± 2.14 45.2 ± 1.20 
(2.4)

44.2 ± 1.18c 
(4.5)

42.6 ± 1.22c 
(7.9)

Notes: P. ricini 5th instar larvae (50 in each experimental set) was acclimated for 
7 days at 10°c ± 1°c for the experimental set, whereas the control group insects 
were reared at 25°c ± 3°C. 1 unit of phosphatase has been defined as the 1 mg Pi 
per 100 mL/h and 1 unit of the activity of transaminases as 1 mM pyruvate per mL 
per 30 minutes for GPT and per 60 minutes for GOT. The specific activity has been 
expressed as units/mg protein. The results represent the average values of three 
independent experiments. The values in parentheses indicate percent increase (+) 
or decrease (-) over control. a,bThe values are to be multiplied by a factor of 10.4 
cSignificantly different at P # 0.05  (Students’ t-test).
Abbreviations: gPT, glutamic-pyruvic transaminase; gOT, glutamic-oxaloacetic 
transaminase.
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can lead to pyruvate production. Similar observations have 

been reported in C. riparius larvae exposed to anoxia.12 The 

drastic elevation in the activities of hydrolases in the silk gland 

and fat body of the P. ricini larvae exposure due to cold stress 

reflected probable breakdown of the tissues concerned.
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