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ABSTRACT 
 

 To test the possibility that the free glycine has a role related to the resistance 
of the pink bollworm larvae to phenolic compounds (PCs), newly hatched larvae were 
fed on artificial diets containing different concentrations of the selected two PCs 
(pyrocatechol and resorcinol). Data indicated that the PCs have a great efficacy 
against pink bollworm larvae. Mortality percentages had a positive relationship with 
both the concentration and the period after treatment (r= 0.72 ± 0.13). Based on the 
LC50 values, pyrochatechol was the most potent extract after two hours of treatment 
(toxicity index (Ti) = 100.0%). Two days after treatment, resorcinol became the most 
effective extract (Ti= 100.0%), as it had the lowest LC50 value (0.73 g/100 g diet). 
Seven days following treatment, the efficacy of the tested PCs follows the same trend 
as previously observed after 2 hours of treatment. LC50 values reached 0.70 and 1.06 
g/100 g diet with Ti of 100.0 and 65.91% for pyrochatechol and resorcinol, 
respectively. 

Also, we determined and compared the glycine content as well as free amino 
acids in the total body homogenate of 4th instar larvae of PBW treated as newly 
hatched larvae with LC50 of pyrochatechol and resorcinol and the untreated ones. 
Results showed that the PCs caused a reduction in the amino acid contents; the most 
obvious was in resorcinol (the most toxic compound). With audited look for glycine 
and lysine contents, it could be noted that the pyrochatechol caused an increased 
while resorcinol caused a lost in the glycine content by 18.56, 6.53%, respectively. 
The loss in the concentration of lysine by resorcinol (9.09%) was less than that 
induced by pyrochatechol (13.40%). So, the amount of free glycine in PBW appears 
to have a clear correlation with the detoxification activity of the PCs, especially for 
the resorcinol. Further study on this phenomenon will give us a chemical basis for 
understanding how plant-herbivore relationships have evolved. 
Keywords: Pectinophora gossypiella, PBW, Lysine, Glycine, protein-denaturing, 

phenolic compounds, PCs, Cotton plants. 
 

 

 
INTRODUCTION 

 

The pink bollworm (PBW), Pectinophora gossypiella (Saund.) assumed 
to be a major cotton pest. During the course of evolution, plants have 
developed several chemical defenses against herbivores by accumulating 
toxic or digestion inhibitory compounds. In insects, several mechanisms used 
to overcome and detoxify toxic compounds of plants have been found and 
studied in detail (Dussourd & Denno, 1991 and Broadway, 1995). 
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On the other hand, digestion inhibitory compounds such as phenolic 
compounds (PCs) are known to denature and decrease the nutritive value of 
protein. Particularly, dihydroxy phenolics such as chlorogenic acid, caffeic 
acid, catechol and condensed tannin are chemically active. In an alkaline 
condition or in the presence of polyphenol oxidase, dihydroxy phenolics are 
known to be converted into quinones, and these quinones react with the 
amino residue in the side chain of lysine in protein. As a result, protein is 
conventional aggregated through the amino residue in the side chain of 
lysine, and the amount of lysine in denatured protein is decreased (Appel, 
1993). Cotton plants produce numerous secondary plant chemicals including 
PCs (Perveen et al., 2001). Feeny (1970) found that cotton PCs induce a 
reduction in viability of dietary protein in lepidopterous insects. 

However, chemical mechanisms used by insects to overcome protein 
denaturing compounds, have been studied. A high concentration of free 
glycine were observed in the midgut content and vomited digestive juice of 
the silkworm, Bombyx mori, and several other Lepidoptera larvae (Konno et 
al., 1996). As the amino residue of free glycine is also known to react with 
PCs in the same manner as the amino residue in the side chain of lysine 
(Pierpoint, 1969), it is likely that the amino residue of free glycine competes 
with the amino residue in the side chain of lysine, and therefore inhibits the 
degenerating and aggregating activity of compounds such as polyphenolics 
(Konno et al., 2010).  

In the present study, we attempted to address two questions. First, we 
wanted to examine the free amino acid content glycine in PBW. Second, we 
were interested to answer whether glycine can overcome the cotton PCs and 
protect PBW or not. 

 
MATERIALS AND METHODS 

 
The present study has been carried out in the laboratory of Bollworms 

Department, Plant Protection Research Institute, ARC, Dokki, Giza. 
Rearing of P. gossypiella: 

Newly hatched larvae of P. gossypiella were obtained from a colony 
maintained in the laboratory for several generations at 27 ± 1°C and 75 ± 5% 
relative humidity (R.H). Larvae were reared on a modified artificial diet as 
described previously by Abd El-Hafez et al. (1982).  
Tested phenolic compounds: 

Two phenolic compounds namely; pyrocatechol and resorcinol (Roth: 
Bestellen sie zum Nulltarif); were used in present study. Figure (1) illustrates 
the chemical structures of these compounds. According to the results of 
Ahmed (2007), pyrocatechol and resorcinol proved to be toxic to PBW. For 
this reason these compounds were chosen for studying the role of glycine as 
detoxifying agent against cotton PCs in PBW. 
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Pyrocatechol Resorcinol

Figure (1): Chemical structures of the tested phenolic compounds 
Toxicological studies: 

All bioassay trials were tested on the newly hatched larvae of the PBW. 
Tested materials were homogenate mixed with 100.0 g of artificial diet to 
obtain the tested concentrations, i.e.; 0.25, 0.5, 1.00, 1.5 and 2.00 g/100 g 
diet for pyrochatechol and 0.25, 0.5, 1.00, 2.5 and 4.00 g/100.0 g diet for 
resorcinol. After preparation of tested diets, each one was individually folded 
into 3 Petri dishes (9 cm in diameter) as replicates. Ten newly hatched larvae 
of PBW were placed on the surface of the diet using a soft brush. Another 
group of 3 Petri dishes was prepared containing the same diet but mixed with 
equal volume of distilled water (used as control) and an equal number of the 
maintained larvae were placed on their surface. Larvae were allowed to feed 
on the tested diets for two hours. Afterwards all alive larvae were transferred 
individually to glass vials     (2X7 cm) containing a small piece of normal diet. 
Vials were plugged with absorbent cotton and incubated at 27  1C and 75  
5% RH. Later 2 hours, 2 days and 7 days after treatment all tubes were 
inspected for mortalities. Percentages of mortalities were corrected according 
to Abbott's formula (Abbott, 1925) as follows: 

100
C-100

C-T
mortality %Corrected   

Where; T: %mortality in treatment 
 C: %mortality in check 
 

The corrected mortality percentage of each compound was statistically 
computed according to Finney (1971), from which the corresponding 
concentration probit lines (LC-p lines) were estimated. In addition, the 
efficiency of different compounds was measured by comparing the tested 
compounds with the most effective compound using toxicity index (Ti) which 
calculated using the equation of Sun (Sun, 1950) as follows: 

100
B of  LC

A ofLC
 Ti

50

  50
  

Where; A: the most effective material 
 B: the other tested material 
Biochemical studies: 

This part of study was conducted in order to determine free amino 
acids content in the 4th instar larvae of PBW after treatment with tested PCs. 
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Newly hatched larvae (≈100 larvae) of PBW were allowed to feed on artificial 
diet containing LC50 of the two tested PCs, which recorded after two days, for 
2 hours and then transferred to feed on control diet. Fourteen days after 
treatment, the survived 4th instar larvae were collected and refrigerated (at 
5ºC) for few minutes and then dried in the oven overnight (at 60ºC) for 
biochemical analysis. The total larval bodies were homogenized to get dry 
powder. Homogenates were weighted and kept till the biochemical 
determinations.  
Amino acid analysis: 
        Amino acid content was determined as described by Spackman et al. 
(1958) and Moore et al. (1958). The analysis was performed in Central 
Service Unit, National Research Center, Egypt, using LC 3000 amino acid 
analyzer (Eppendorf - Biotronik, Germany). The technique was based on the 
separation of the amino acids using strong cation exchange chromatography 
followed by the ninhydrin colour reaction and photometric detection at 570 
nm. Samples were hydrolyzed with 6 N HCl at 110°C in Teflon-capped vials 
for 24 h. After vacuum removal of HCl, the residues were dissolved in a 
lithium citrate buffer, pH 2.2. 20 μl of the solution were loaded onto the cation 
exchange column (pre-equilibrated with the same buffer), then four lithium 
citrate buffers with pH values of 2.2, 2.8, 3.3 and 3.7, respectively, were 
successively applied to the column at flow rate 0.2 ml/min. The ninhydrin flow 
rate was 0.2 ml/min at a pressure of 0 to 150 bars. The pressure of buffer 
was from 0 to 50 bars and reaction temperature was 130°C. 
Statistical analysis 

Toxicological data were statistically calculated through a Proban 
program, software computer program (Jedrychowski, 1991). 

  
RESULTS AND DISCUSSION 

 
Insecticidal activities of phenolic compounds 

Table (1) summarizes the concentration-mortality responses of feeding 
PBW newly hatched larvae for two hours on various concentrations of tested 
PCs. Data indicated that PCs have great efficacy against PBW larvae. 
Mortality percentages had a positive relationship with both the concentration 
and post-treatment period (r= 0.72 ± 0.13). Mortality of 20.50 and 79.86% 
among PBW newly hatched larvae were achieved within two hours when the 
lowest (0.25 g/100 g diet) and highest (2.0 g/100 g diet) concentrations of 
pyrochatechol were used, respectively. These values increased to 22.98 & 
89.562% as well as 63.98 and 91.30% after 2 & 7 days of treatment, 
respectively. The lowest concentration (0.25 g/100 g diet) of resorcinol 
caused lower mortality percentages. The values of mortality% reached 5.44% 
after 2 hours of treatment. The values were increased to 33.29 & 56.00% 
after 2 and 7 days, respectively. On the other hand, the highest concentration 
(4 g/100 g diet) of this PC caused 77.62, 97.55 & 100.0 % after 2 hours, 2 
and 7 days of treatment, respectively.  
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Table (1): Efficacy of selected PCs against newly hatched larvae of P. 
gossypiella after 2 hours , 2 days and 7 days of treatment. 

Concentration  
(g/100g diet) 

Corrected mortality (%) after 
2 hours 2 days 7 days 

Pyrochatechol 

0.25  
0.50 
1.00 
1.50 
2.00 

20.50  
28.89 
51.72  
68.93 
79.86 

22.98 
37.97 
66.03 
81.56 
89.56  

63.98 
72.65 
82.74 
88.09 
91.30  

Correlation (r) ± S.E. 
0.99 ±  0.07 (hs) 0.97 ±0.13 (hs) 0.96 ± 0.16 (hs) 

0.79 ± 0.17 (hs) 

Resorcinol 

0.25 
0.50 
1.00 
2.00 
4.00 

5.44 
20.73 
48.87 
66.73 
77.62 

33.29 
49.90 
72.19 
89.62 
97.55 

56.00 
56.59 
75.07 
98.67 
100.0 

Correlation (r) ± S.E. 

0.88± 0.27 (s) 0.88 ± 0.28 (ns) 0.89 ± 0.27 (s) 

0.75 ± 0.18 (hs) 

Correlation (r) ± S.E. = 0.72 ± 0.13 (hs) 
hs= highly significance; s= significance; ns= none significance 
 

The concentration-mortality relationship of PBW larvae to the PCs was 
typically expressed as an LC50 values (Table 2). Based on the LC50 values, 
pyrochatechol was the most potent extract after two hours of treatment (LC50 

reached 1.20 g/100 g diet with toxicity index (Ti) = 100.0%. On the other 
hand, resorcinol (LC50= 205.04 g/100 g diet; Ti= 95.0%) came next to 
pyrochatechol in its efficiency against PBW. Two days after treatment, 
resorcinol became the most effective extract (Ti= 100.0%), as it had the 
lowest LC50 value (0.73 g/100 g diet). Seven days following treatment, the 
efficacy of the tested PCs follows the same trend as previously observed 
after 2 hours of treatment. LC50 values reached 0.70 and 1.06 g/100 g diet 
with Ti of 100.0 and 65.91% for pyrochatechol and resorcinol, respectively.  
 

Table (2): LC50 (g/100g diet) and slope values of selected PCs tested 
against the newlyhatched larvae of P. gossypiella after 2 
hours, 2 days and 7 days of treatment. 

Treatment 
LC50 

Confidence limits (95%) Slope  S.E. 
Toxicity Index% 

(Ti) 
2 hours after treatment 

Pyrochatechol 
1.20 

(1.09-1.33) 3.06  0.27 100.0 

Resorcinol 
205.04 

(135.43-326.54) 2.616  0.528 0.590 

2 days after treatment 

Pyrochatechol 
0.86 

(0.56-1.26) 3.08  0.52 84.98 

Resorcinol 
0.73 

(0.48-1.06) 2.50  0.34 100.0 

7 days after treatment 

Pyrochatechol 
0.70 

(0.11-1.69) 1.89  0.51 100.0 

Resorcinol 
1.06 

(0.99-1.14) 6.79  0.67 65.91 
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The effects of PCs on survival of different insect pests have been 
investigated by several authors. In this respect, Lukefahr & Martin (1966) 
reported that only 3% of the larvae of PBW reached the pupal stage when the 
diet contained 0.20% gossypol and LC90 was 0.24%. The results of El-Sayed 
(1970) also indicated that gossypol affected the number of PBW larvae 
infested cotton bolls. Zummo et al. (1984) stated that tobacco budworm and 
cotton bollworm performance was positively correlated with cotton tannin. 
Guerra et al. (1990) found that the addition of PCs (trans-cinnamic acid, 
catechol and catechin) to the synthetic diet increased H. zea larval mortality. 
Barbehenn & Martin (1994) mentioned that Malacosoma disstria is a tannin 
sensitivity species. On the other hand, Kopper et al. (2002) found that tannin 
had no detrimental effect on Whitemarked tussock larvae (Lepidoptera: 
Lymantriidae). 

Generally, regarding to the Ti it could be assumed that pyrocatechol 
was the most potent compound. Compilation between these results and 
chemical configurations of PCs (Figure 1) reveals structure-activity 
relationships. Structural changes may alter the affinity and specificity of 
binding to particular target sites, and the susceptibility of PCs to metabolism 
by detoxication systems. The activity of PCs correlates with the number, 
type, and orientation of the active groups. Higher activity increased with 
increasing the number of active groups and the occurrence of substitution 
(hydroxylation, methylation, glycosylation), and with the ortho orientation of 
active group (Grant & Langevin, 2002). The present results confirm these 
findings whereas; pyrocatechol (the most potent compound) have an o-
hydroxyl group. So, the exploration of structure-activity relationships can 
provide useful insights into the active moiety. 
Correlation between concentration of free glycine and resistance to 
phenolic compounds: 

To test the possibility that the free glycine has a role related to the 
resistance of the PBW larvae to PCs, we determined and compared the 
glycine content as well as free amino acids in the total body homogenate of 
4th instar larvae treated as newly hatched larvae with LC50 (recorded after 2 
days) of pyrochatechol and resorcinol and 4th instar larvae of the untreated 
PBW (Table 3 & Figure 2). 

Generally, results showed that the PCs caused a reduction in the 
amino acid contents and the effect of resorcinol (the most toxic compound 
after 2 days) was the most obvious. With audited look for glycine and lysine 
contents, it could be noted that the pyrochatechol caused an increase while 
resorcinol caused a lost in the glycine content by 18.56 & 6.53%, 
respectively. The loss in the concentration of glycine by resorcinol (9.09%) 
was less than that induced by pyrochatechol (13.40%). It could be due to 
inhibition of the decrease in lysine caused by this PC (Konno et al., 2009). 
So, in our model glycine is assumed to be lost by binding to PCs, but this loss 
is less detrimental for herbivores than the loss of  lysine. The larvae might be 
spending glycine, which is a nonessential amino acid, to save lysine, which is 
essential and a more precious amino acid. So, the amount of free glycine in 
PBW appears to have a clear correlation with the detoxification activity of 
the PCs, especially for the resorcinol.  
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Also, it could be noted that pyrochatechol increased the concentration 
of glycine, alanine & proline (nonessential amino acids) and methionine 
(essential amino acid). On the other hand the reduction in the histidine (semi-
essential amino acid) and lysine (essential amino acid) by pyrochatechol was 
higher than that induced by resorcinol. With previous observations it could be 
noted that other free amino acids may be used by some herbivores as 
counteractive agents against the denaturing activity of oxidized phenolics 
(konno et al., 2010). 

 
Table (3): Concentration of free amino acids (µg/ml) in the total body 

homogenateof P. gossypiella 4th instar larvae. 

Amino acids Control
After treatment 

with 
%Change after 
Treatment with* 

Pyrochatechol Resorcinol Pyrochatechol Resorcinol 

E
ssential 

Threonine 33.9 32.65 30.71 -3.69 -9.41 
Valine 82.2 81.78 77.89 -0.51 -5.24 

Methionine 11.78 15.23 11.21 29.29 -4.84 
Isoleucine 20.23 19.00 18.11 -6.08 -10.48 
Leucine 90.17 86.40 79.77 -4.18 -11.53 

Phenylalanine 112.89 110.19 95.63 -2.39 -15.29 
Lysine 61.03 52.85 55.48 -13.4 -9.09 S

e
m

i-
essen

tia
l

Histidine 41.78 30.05 39.7 -28.08 -4.98 
Arginine 120.18 119 104.65 -0.98 -12.92 

N
on

essen
tial 

Aspartic acid 78.75 71.55 68.82 -9.14 -12.61 
Serine 53.27 47.81 46.71 -10.25 -12.31 

Glutamic acid 599.6 562.9 529.2 -6.12 -11.74 
Glycine 22.68 26.89 21.2 18.56 -6.53 
Alanine 87.9 90.1 83.92 2.50 -4.53 
Tyrosin 69.13 63.00 60.08 -8.87 -13.09 
Proline 24.96 25.89 23.98 3.73 -3.93 

      * 100
Control

Control-Treatment
 %Change 
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Figure (2): The composition of free amino acids in the total body 
homogenate of P. gossypiella 4th instar larvae (a) control (b) 
pyrochatechol-treated (c) resorcinol-treated. 

 

 
To our knowledge, this is the first demonstration that such a simple 

molecule as glycine can work as, and is actually used by PBW as, a 
counteracting agent against protein denaturing activity of plant PCs which 
is found in cotton plants since cotton plants contain PCs. Further study on 
this phenomenon will give us a chemical basis for understanding how 
plant-herbivore relationships have evolved. 

a

b 

c
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دور الحمض الأمينѧي الجليسѧين فѧي حمايѧة دودة اللѧوز القرنفليѧة مѧن التѧأثير المثѧبط 
  للبروتين الحادث بفعل المركبات الفينولية المتواجدة في نبات القطن

  ²، سعاد شعيرة ¹، كارم أحمد حسن¹، منال الشرقاوي ¹دينا أحمد
 بحوث الزراعيةمركز ال –معھد بحوث وقاية النباتات –قسم بحوث ديدان اللوز )١(
  مركز البحوث الزراعية –معھد بحوث وقاية النباتات  –قسم بحوث المكافحة الحيوية )٢(

  
عديد من حرشفيات الأجنحة خاصة تلك التي تعيش علѧي عوائѧل ثبت من خلال الدراسات أن 

 ، وجѧѧود)المركبѧѧات الفينوليѧѧةمثѧѧل (بھѧѧا تركيѧѧز عѧѧالي مѧѧن المركبѧѧات التѧѧي تسѧѧبب ترسѧѧيب للبروتينѧѧات 
أن الحشѧرات تسѧتخدم وجد وقد  ؛تركيز عاليب )حمض أميني غير ضروري(الحمض الأميني جليسين

 )وھѧو حѧامض أمينѧي ضѧروري(ھذا الحمض في الحفاظ علي محتواھا من الحامض الأمينѧي الليسѧين 
دراسѧة ب إھѧتم البحѧث ھذا فقدوعلي . البروتين بدلا من الليسين وذلك لأن الجليسين يرتبط مع مرسبات

الدور في مقاومة دودة اللوز القرنفليѧة لتѧأثير المركبѧات الفينوليѧة التѧي تتواجѧد فѧي القطѧن بصѧورة  ھذا
التي ثبتت سѧميتھما  )الريزورسينولو البيروكاتيكول( تم اختيار أثنين من المركبات الفينوليةوطبيعية، 

 ستخدم والفترة بعد المعاملةالمولوحظ تزايد نسب الموت المسجلة بتزايد التركيز لدودة اللوز القرنفلية 
لكѧلا  LC50كѧذلك تѧم حسѧاب التركيѧز السѧام النصѧفي  .)أيام مѧن المعاملѧة سبعةبعد ساعتين، يومين و(

المѧѧركبين بعѧѧد الفتѧѧرات الѧѧثلاث محѧѧل الدراسѧѧة ولѧѧوحظ أن البيروكѧѧاتيكول كѧѧان ھѧѧو الأعلѧѧي سѧѧمية بعѧѧد 
 ٠,٧٠و ١,٢٠: المسجلة كѧالأتي LC50 ، حيث كانت قيم الـ )١٠٠=Ti(أيام من المعاملة  ٧ساعتين و

يѧѧومين مѧѧن  جѧѧم دايѧѧت، علѧѧي التѧѧوالي؛ فѧѧي حѧѧين كѧѧان الريزورسѧѧينول ھѧѧو الأعلѧѧي سѧѧمية بعѧѧد١٠٠/جѧѧم
  .جم دايت١٠٠/جم ٠,٧٣قيمة التركيز السام النصفي المسجلة ھي  المعاملة حيث كانت

فѧي الحشѧرات تѧم تقѧدير محتѧوي العمѧر اليرقѧي الرابѧع مѧن الأحمѧاض الأمينيѧة  بالإضافة لذلك
ومقارنѧة ذلѧك التي تمت معاملتھا بالتركيز السام النصفي المسجل بعد يومين لكѧلا المѧركبين الفينѧوليين 

؛ وأشارت النتѧائج إلѧي أن الانخفѧاض الحѧادث فѧي تركيѧز )الكونترول(  غير المعاملةمع تلك المحتوي 
مѧѧن ذلѧѧك  علѧѧيكѧѧان أ) ينالمركѧѧب الأعلѧѧي سѧѧمية بعѧѧد يѧѧوم(الأحمѧѧاض الأمينيѧѧة بفعѧѧل الريزورسѧѧينول 

   .الانخفاض الحادث بفعل البيروكاتيكول
لجليسѧѧين والليسѧѧين؛ لѧѧوحظ زيѧѧادة فѧѧي تركيѧѧز الجليسѧѧين بمقѧѧدار فاحصѧѧة بالنسѧѧبة لمحتѧѧوي اوبنظѧѧرة 
فѧѧي حѧѧين أدت المعاملѧѧة ) المركѧѧب الأقѧѧل سѧѧمية بعѧѧد يѧѧومين(بعѧѧد المعاملѧѧة بالبيروكѧѧاتيكول % ١٨,٥٦

، كمѧا لѧوحظ أن الخسѧارة فѧي %٦,٥٣ركيѧز الجليسѧين بمقѧدار بالريزورسينول لحدوث انخفѧاض فѧي ت
أقѧѧѧѧѧѧѧѧل مѧѧѧѧѧѧѧѧن تلѧѧѧѧѧѧѧѧك التѧѧѧѧѧѧѧѧي يسѧѧѧѧѧѧѧѧببھا ) ٪٩,٠٩(تركيѧѧѧѧѧѧѧѧز الليسѧѧѧѧѧѧѧѧين بواسѧѧѧѧѧѧѧѧطة الريزورسѧѧѧѧѧѧѧѧينول 

الموجѧودة فѧي يرقѧات  الجليسين أن ھناك علاقة بين كمية؛ وعلي ھذا يتأكد %)١٣,٤٠(البيروكاتيكول
، وبمزيѧد مѧن الدراسѧة حѧول ھѧذه الظѧاھرة يمكننѧا نزع سمية المركبѧات الفينوليѧةو دودة اللوز القرنفلية

  .ة بين النبات والحشراتالتوصل لفھم الأساس الكيميائي لتطور العلاق
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