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SUMMARY:  26 
This conflict model is used to measure the impairment of inhibitory control after exposure to 27 
addictive drugs, or other factors that may influence inhibitory control. A sexual stimulus and an 28 
aversive obstacle are concurrently presented, thus male rats have to conquer the obstacle to 29 
approach the sexual reward.  30 
 31 
ABSTRACT:  32 
The present protocol describes a novel conflict task as a model of inhibitory control in rats. In this 33 
model, a natural rewarding stimulus (sexual stimulus) that represents a high-value reward, and 34 
the aversive stimuli (pins), are concurrently presented. The male rats have to climb or jump over 35 
the obstacle full of pins to approach and investigate the sexual partner. If the animal persists in 36 
their approaching behavior regardless of the aversive stimuli, it is considered as a maladaptive or 37 
risky reward-seeking behavior. The conflict task permits the evaluation of deficit in inhibitory 38 
control resulting from exposure to abused drug, such as morphine, or a stressful event.  39 
 40 
The main advantage of this model is that it provides a simple and quick way to discover the deficit 41 
in inhibitory control after exposure to opiate drugs or other stressful events. In addition to 42 
opiates, this behavioral model would also be useful for quickly discovering the inhibitory control 43 
deficits induced by other addictive drugs. However, the limitation is that the male rats’ 44 
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performance may be subject to exercising effects with repeated testing under this conflict task. 45 
In the future, one can hope that the individuals with the compulsive phenotype of reward-46 
seeking behavior after exposure to opiates will be identified based on modifying this conflict 47 
model. 48 
 49 
INTRODUCTION:  50 
Drug addiction is a chronic brain disease which is characterized by impulsive and compulsive drug 51 
seeking and taking1. These key features of addiction have both been hypothesized to result from 52 
the impaired ability of inhibitory control2,3, i.e., failing in inhibiting the immediate pursuit of 53 
rewarding stimuli and thus developing maladaptive patterns of behavior4. 54 
 55 
The go/no-go task and stop-signal task are the prototypical tasks used to measure the ability of 56 
response inhibition2,5. These two experimental paradigms assess one’s ability to suppress actions 57 
that are inappropriate, by contrasting infrequent inhibitory responses against an implicit go 58 
baseline6,7. The response inhibition displayed in these tasks has been shown to be impaired in 59 
cocaine users8,9, opiate addicts10, and nicotine users11. Another two tasks—reversal learning and 60 
multiple choice serial reaction time tasks—also provide measurements of response 61 
inhibition/inhibitory control12,13. However, most of these paradigms performed in rodents not 62 
only require long-term training so that subjects can distinguish the response requirements 63 
represented by different signals, but also the individual differences in learning speed and learning 64 
effects may interfere with the results of subsequent inhibitory test11. 65 
 66 
In this paper, we present a novel conflict task which can be used to measure the impairment of 67 
inhibitory control after exposure to addictive drugs. In this task, a natural rewarding stimulus 68 
(sexual stimulus) that represents a high-value reward14, and the aversive stimuli (pins) that male 69 
rats have to conquer, are concurrently presented. The male rats have to climb or jump over the 70 
obstacle full of pins to approach and investigate the sexual partner. If the animal persists in its 71 
approaching behavior regardless of the aversive stimuli, it is considered as a maladaptive or risky 72 
reward-seeking behavior. One of the rationales for establishing this task is that it is conceptually 73 
simple and does not place heavy demands on executive processes as other tasks do. Compared 74 
to other tasks which measure response inhibition, this conflict task is based on natural behavior, 75 
and rats with normal sexual function and sexual experience can be tested directly without a 76 
learning process. Another rationale is that a conflict presented in this task between approaching 77 
the reward and avoiding the aversive stimuli (or the risk of being pricked) may have a better 78 
validity, as it mimics what occurs in addicts who often place themselves in the similar conflict but 79 
persistently pursue drug reward regardless of the risk of negative consequences in real life15. 80 
 81 
Therefore, application of this conflict model is a quick and sensitive way to discover the deficit in 82 
inhibitory control after exposure to addictive drugs, or other factors that may influence ability of 83 
inhibitory control, such as stress. It also provides a novel behavioral strategy for investigation of 84 
neural mechanisms underlying deficits in inhibitory control. Furthermore, alternative 85 
modifications can be added onto this task. For example, altering the cost/benefit ratio by 86 
replacing the sexual stimulus with the social stimulus can reveal more behavioral significances. 87 
 88 



PROTOCOL:  89 
This study is approved by the International Review Board (IRB) of the Institute of Psychology, 90 
Chinese Academy of Sciences, and all experiments are conducted in accordance with the National 91 
Institutes of Health Guide for Care and Use of Laboratory Animals (Publication No. 85-23, revised 92 
1985).  93 
 94 
1. Materials and setup for the conflict model 95 
 96 
1.1. House four rats per cage (50 cm long x 22.5 cm wide x 30 cm high) in colony rooms with 97 
controlled temperature (22–25 °C) and a reversed 12 h/12 h light/dark cycle (lights on at 21:00) 98 
for at least 10 days. 99 
 100 
NOTE: Male and female Sprague-Dawley rats weighing 330–400 and 230–250 g at the beginning 101 
of the experiments, respectively were used. 102 
 103 
1.2. Perform all the tests under dim lighting during the dark phase.  104 
 105 
1.3. Use the opaque cartons (37 cm long x 26 cm wide x 18 cm high) with pine wood shaving 106 
bedding to transport rats from home cages to testing rooms. 107 
 108 
1.4. Handle rats 3 min each per day for 5 days prior to beginning the experiments.  109 
 110 
1.5. Prepare 120 mL of morphine for the whole experiment. Dissolve morphine hydrochloride in 111 
0.9% NaCl (physiological saline) at a final concentration of 20 mg/mL. Store at room temperature 112 
(RT). 113 
 114 
1.6. Prepare 10 mL of the pentobarbital sodium solution for the surgery. Dissolve pentobarbital 115 
sodium in 0.9% NaCl at a concentration of 1 g/mL. Store at 4 °C. 116 
 117 
1.7. Prepare 10 mL of estradiol benzoate (EB) and 10 mL of progesterone for artificial induction 118 
of estrus. Dissolve estradiol benzoate and progesterone in sesame oil at a concentration of 0.125 119 
mg/mL and 5 mg/mL, respectively. 120 
 121 
NOTE: Incubate the oil suspension of EB or progesterone in a water bath (55‒60 °C) for at least 1 122 
h and then thoroughly shake it. Ensure that EB or progesterone is dissolved completely. Store at 123 
RT. 124 
 125 
1.8. For the risky reward-seeking behavior testing, use the open-field reward-proximity chambers 126 
made of black acrylic glass. At one end of the open-field arena (85 cm long x 35 cm wide x 50 cm 127 
high) mount a wire-screen stimulus cage (15 cm long x 25 cm wide x 25 cm high). Install the board 128 
with pins on the floor about 20 cm in front of the stimulus-cage.  129 
 130 
NOTE: Pins are fixed on the 34.5 cm long x 13 cm wide boards (Figure 1). The boards with three 131 
types of pins are used in turn during testing (Table 2).  132 



 133 
2. Estrus induction in females and mating screening in males  134 
 135 
2.1. Bilateral ovariectomy in female rats 136 
 137 
2.1.1. Prepare surgical instruments and materials such as scalpels, surgical blades, hemostatic 138 
forceps, tweezers, ophthalmic scissors, gauze, cotton swabs, suture needles and silk sutures in 139 
advance, as well as 75% alcohol, iodine, sodium pentobarbital, 0.9% NaCl, penicillin sodium. 140 
 141 
2.1.2. Intraperitoneally inject pentobarbital sodium (55 mg/kg), waiting for complete anesthesia 142 
of female rats. Rats respire smoothly and do not react to tail pinch.  143 
 144 
NOTE: The ovariectomy is performed only when the weight of female rat reaches at least 240 g. 145 
 146 
2.1.3. Place the female rat in prone position, shave off the fur on the back, and disinfect the 147 
exposed skin with iodophor. Then use a scalpel to make a middle vertical incision (about 2 cm 148 
long) on the back (1 cm below the edge of the ribcage).  149 
 150 
2.1.4. Pull the skin to the left side, and blunt dissect subcutaneous tissue with hemostatic forceps 151 
to expose the lumbar muscles. Cut the muscle layer (incision of 1 cm) into the abdominal cavity, 152 
till the adipose tissue is reached.  153 
 154 
2.1.5. Pull out the adipose tissue with bent tweezers, and locate the ovary which is a flesh-pink 155 
tissue (about 0.5 cm x 0.4 cm x 0.3 cm) surrounded by adipose tissue with the twining fallopian 156 
tube on the surface. 157 
 158 
2.1.6. Clamp the fallopian tube with forceps and ligate it, then cut off the ovary together with the 159 
surrounding adipose tissue. Disinfect the residual fallopian tube with iodophor. 160 
 161 
2.1.7. Put the residual fallopian tube and adipose tissue back into the abdominal cavity after 162 
ensuring no bleeding, and suture the muscle layer. 163 
 164 
2.1.8. Remove the ovary on the other side by the same procedure and then suture the skin 165 
incision. Disinfect the incision again with iodophor. Inject 200,000 U of penicillin sodium into the 166 
hind leg muscle. 167 
 168 
2.1.9. Place the rat on a heated blanket till awakening and then put it back into the home cage. 169 
 170 
2.1.10. After at least two weeks of recovery, use the female rats as a tool for mating screening 171 
and behavioral testing. 172 
 173 
NOTE: Inject 200,000 U of penicillin sodium for three consecutive days after surgery, and supply 174 
adequate water and food. Keep the ovariectomized rats single housed for one week and then 175 
house four per cage. 176 



 177 
2.2. Induction of estrus in ovariectomized female rats 178 
 179 
2.2.1. Handle all ovariectomized female rats three times (3 min/day) before using them for 180 
mating screening.   181 
 182 
2.2.1.1. Gently pick up a rat from the transport box with the left hand and hold it in the arms for 183 
a few seconds. Then put the rat back into the box and repeat these operations for 3 min. 184 
 185 
2.2.2. Subcutaneously inject estradiol benzoate (25 μg/rat) about 48–52 h before mating 186 
screening or the conflict test. 187 
 188 
2.2.3. Subcutaneously inject progesterone (1 mg/rat) about 4–6 h before mating screening or the 189 
conflict test. 190 
 191 
NOTE: The estrogenic hormones are injected subcutaneously on the back of the neck. Since an 192 
estrus cycle lasts for ~4‒5 days, the female rats are used once a week.  193 
 194 
2.3. Screening male rats for mating performance 195 
 196 
NOTE: Screening is conducted under dim light during the dark phase of the light/dark cycle in the 197 
housing room.  198 
 199 
2.3.1. Place a male rat individually into the carton (60 cm long x 50 cm wide x 40 cm high) with 200 
pine wood shaving bedding and leave it to habituate for 5 min.  201 
 202 
2.3.2. Introduce an estrous female rat into the carton and monitor male copulatory behaviors (by 203 
experienced observers). 204 
 205 
2.3.3. Put the rats back to home cages after male rats complete their first ejaculation within 30 206 
min or do not display intromission within 15 min or ejaculation within 30 min. 207 
 208 
2.3.4. Assign the male rats that pass the screening (successful ejaculation for three consecutive 209 
days) randomly into different groups (such as the saline- and morphine-treated groups).  210 
 211 
3. Pretreatment in male rats prior to the conflict test 212 
 213 
3.1. Binge-like morphine treatment  214 
 215 
NOTE: Male rats are intraperitoneally injected with saline or morphine delivered in a binge-like 216 
regimen14 (Table 1).  217 
 218 
3.1.1. Weigh the male rats and calculate the injection volume for each rat based on the body 219 
weight (see Table 1). 220 



 221 
3.1.2. Prepare syringes with morphine or saline solutions. 222 
 223 
3.1.3. Inject one rat at a time intraperitoneally and immediately place it gently into the home 224 
cage (4 rats/cage). 225 
 226 
3.1.4. After at least 6 h, give the male rats the second injection in the same way. 227 
 228 
3.2. Acute stress 229 
 230 
NOTE: Foot shocks are delivered prior to each conflict test in four identical chambers assembled 231 
with four shock generators and controlled by professional software installed on a computer.  232 
 233 
3.2.1. On the day of the conflict test, take the male rats to another room different from the 234 
conflict testing room. 235 
 236 
3.2.2. Put the male rats into the chambers (30.5 cm long x 25.4 cm wide x 30.5 cm high) to 237 
habituate for 1 min. 238 
 239 
3.2.3. Set up the software program in advance. The program includes the intermittent foot shocks 240 
delivered within 10 min (0.5 mA x 0.5 s x 10 min; mean inter-shock interval 40 s, range 10–70 s). 241 
 242 
3.2.4. Enter animal IDs and choose whether to turn on the shock generators according to the 243 
grouping (the shock group and the control group). Then press the start button. 244 
 245 
3.2.5. When the stress procedure is finished, bring the rats immediately to the conflict test room 246 
in transport boxes; one rat per box.  247 
 248 
4. The conflict test  249 
 250 
NOTE: The test is conducted under dim light during the dark phase of the light/dark cycle in the 251 
conflict test room.  252 
 253 
4.1. On the day before testing, bring all rats to the conflict test room and allow them to habituate 254 
to the open-field reward-proximity chamber (without any obstacle, Figure 1) for 15 min. 255 
 256 
4.2. On the testing day, place the male rat in the chamber allowing free exploration for 10 min 257 
(under the same condition as the day before testing).  258 
 259 
4.3. Place an estrous female rat in the stimulus-cage as an incentive and allow the male subject 260 
to freely approach and investigate the incentive rat for 5 min. 261 
 262 
4.4. After 5 min-free approach, move the male subject from the stimulus-cage to the other end 263 
of the arena, place an obstacle (a 14 cm-wide board thick with pins), and then start the first trial 264 



of the test. 265 
 266 
NOTE: The difficulty level of obstacles is varied among trials based on the types of pins and the 267 
height of the board. The grading system is shown in Table 2.  268 
 269 
4.5. Move the male rat away from the stimulus-cage about 15-20 s after each time it surmounts 270 
the obstacle.  271 
 272 
4.6. End a trial if the male subject climbs or jumps over the obstacle 3 times within 4 min and 273 
immediately start the next trial with increasing difficulty of the obstacle. 274 
 275 
4.7. If a male subject surmounts the obstacle less than three times within 4 min, end the test and 276 
record the times it surmounts the obstacle. 277 
 278 
4.8. Bring the male rat back to the home cage and scrub the open-field chamber with 0.05% 279 
glacial acetic acid. 280 
 281 
4.9. Score each surmounting (or approaching) as per Table 2. Use the sum of the scores for all of 282 
the surmountings as a total score for a male subject in this conflict test. 283 
 284 
5. Statistical analysis 285 
 286 
5.1. Present the data as mean ± SEM or single data points. In case that homogeneity of variance 287 
or normal distribution of the datasets is challenged, log-transform the data sets. 288 
  289 
5.2. Analyze the effects of morphine pretreatment on reward-seeking behavior displayed on day 290 
7 and day 17 of withdrawal (Wd7 and Wd17) using t-tests with “pretreatment” as a between-291 
subjects factor (morphine versus saline, Figure 2). 292 
 293 
5.3. Analyze the effects of morphine pretreatment on reward-seeking behavior after repeated 294 
testing using repeated-measure’s analysis of variance (ANOVA) with “withdrawal time” (Wd7 295 
versus Wd14) as the within-subjects factor and “pretreatment” (morphine versus saline) as a 296 
between-subjects factor.  297 
 298 
5.4. In addition, use Pearson’s correlation to analyze the correlation between the scores that 299 
male subjects acquired on days 7 and 14 of abstinence (Wd7 and Wd14, Figure 3).  300 
 301 
NOTE: After the logarithmic conversion of the original data, statistical analyses are performed. 302 
 303 
5.5. Analyze the effect of acute stress on reward-seeking behavior in drug-naïve rats using t-test 304 
with stress as a between-subjects factor (shock versus control, Figure 4)  305 
 306 
REPRESENTATIVE RESULTS:  307 
To explore whether this conflict model can reveal maladaptive/risky reward-seeking behavior 308 



induced by opiates, the reward-seeking behaviors displayed by the saline- and morphine-309 
pretreated groups were compared by t-tests after short-term (Wd7) and long-term (Wd17) 310 
withdrawal from morphine respectively (Figure 2). The results show that on both day 7 and day 311 
17 of withdrawal, the morphine-pretreated rats showed significantly more approaching 312 
behaviors than the saline-pretreated rats (Figure 2a: t = -3.958; d.f. = 24; p < 0.01. Figure 2b: t = 313 
-2.350; d.f. = 17; p < 0.05), suggesting that the morphine-withdrawn rats displayed more 314 
perseverative behaviors in the face of the aversive obstacle and this maladaptive behavior 315 
persists for a long time after withdrawal.  316 
 317 
When the rats were repeatedly tested under the conflict task (Figure 3), the repeated-measure 318 
ANOVA showed a significant main effect of Pretreatment (F (1,24) = 12.910; p < 0.01). Neither 319 
significant effect of Withdrawal time (comparing Wd7 and Wd14, [F (1,24) = 0.807; p > 0.05]) nor 320 
significant interaction (Withdrawal x Pretreatment interaction: F (1,24) = 1.093, p >0.05) was 321 
found (see Figure 3a). To further investigate the stability of the risky reward-seeking behavior, 322 
the correlation of the scores between different withdrawal periods (between Wd7 and Wd14) 323 
was analyzed. The results showed that the approaching behaviors during short- and long-term 324 
withdrawal periods were significantly correlated (Pearson correlation: r = 0.445; p < 0.05, see 325 
Figure 3b), indicating that the rats’ risky reward-seeking behaviors were roughly stable over 326 
repeated tests. 327 
 328 
To investigate the influence of stressful events on the ability of inhibitory control in animals, the 329 
drug-naïve rats were exposed to an intermittent foot-shock stress before the conflict test. 330 
Although there was no significant difference between the stress and control groups (Figure 4a: t 331 
= -1.207; d.f. = 17; p > 0.05), the reward-seeking behaviors displayed a bi-modal distribution 332 
within the stress group, suggesting the markedly differential effects of acute stress on risky 333 
reward-seeking behaviors among individuals (see Figure 4b). 334 
 335 
FIGURE AND TABLE LEGENDS:  336 
 337 
Figure 1: The apparatus for the conflict test. The open-field chamber (85 cm long x 35 cm wide 338 
x 50 cm high) with a stimulus cage holding an estrous female rat was used for testing the reward-339 
seeking behaviors under conflict. The male subjects had to surmount a dangerous obstacle, i.e., 340 
climbing over a continuously heightened board (34.5 cm long x 13 cm wide) thick with pins, to 341 
approach the stimulus cage.  342 
 343 
Figure 2: The risky reward-seeking behaviors in the conflict tests displayed by male rats. (a) The 344 
scores for approaching behaviors displayed by the morphine- (black) and saline- (white) treated 345 
groups on day 7 of withdrawal. (b) The scores for approaching behaviors displayed by the 346 
morphine- (black) and saline- (white) treated groups on day 17 of withdrawal. The bars represent 347 
mean ± SEM. * indicates p < 0.05; ** indicates p < 0.01; Sal = Saline, Mor = Morphine. This figure 348 
has been modified from17 with permission. 349 
 350 
Figure 3: The risky reward-seeking behaviors consecutively tested on day 7 and 14 of 351 
withdrawal from morphine. (a) The scores for approaching behaviors displayed by the 352 



morphine- (black) and saline- (white) treated groups on day 7 and 14 of withdrawal (Wd7 and 353 
Wd14). The bars represent mean ± SEM. (b) The correlation of the scores for risky reward-seeking 354 
behaviors between two tests on day 7 and 14 of withdrawal. * indicates p < 0.05; ** indicates p 355 
< 0.01. Sal = Saline, Mor = Morphine. 356 
 357 
Figure 4: Effect of the foot-shock stress on reward-seeking behaviors in the conflict test. (a) The 358 
scores for approaching behaviors displayed by the control (gray) and shock (black) groups 359 
subjected to saline pretreatment. The bars represent mean ± SEM. * indicates p < 0.05; ** 360 
indicates p < 0.01. (b) The scores for approaching behaviors displayed by the control and shock 361 
groups are shown in single points. These figures have been modified from17 with permission.  362 
 363 
Table 1: Binge-like morphine treatment regimen. Male rats are pretreated twice daily for 5 days 364 
with intraperitoneal injections of either saline or morphine delivered in a binge-like regimen17: 365 
10, 20, 20, 40, 40, 40, 40, 40, 40, and 40 mg/kg. The two doses of morphine administered on each 366 
day are at least 6 h apart. 367 
 368 
Table 2: The grading for the amount of difficulty the subject conquered per approach. According 369 
to the length of pins and average distance between pins, three types of board thick with pins 370 
were used: a with pin-length of 0.5 cm, average distance of 1 cm; b with pin-length of 0.8 cm, 371 
average distance of 0.5 cm; and c with pin-length of 2 cm, average distance of 1 cm. The board 372 
was repeatedly heightened as follows: 0, 2, 4, 7, 10, 13, 17, 21, 25, and 29 cm. Thus, there are 12 373 
levels of difficulty of surmounting the obstacle, i.e., 12 trials, during the test. The amount of 374 
difficulty the subject conquered each time to approach the stimulus cage is scored and summed 375 
up to the total score for each subject17. 376 
 377 
DISCUSSION: 378 
The inhibitory control deficits caused by drug abuse18 play a key role in promoting compulsive 379 
drug seeking/taking behaviors and relapse19,20. The conflict model presented here provides a new 380 
approach to explore the changes in inhibitory control of the individuals exposed to addictive 381 
drugs. 382 
 383 
There are several critical steps in the protocol. First of all, the subjects (male rats) must acquire 384 
sexual experience before entering the follow-up conflict task. For example, the male rats need to 385 
pass the screening for copulation (copulating at least three times) before drug treatment, and 386 
are assigned into different groups randomly. In order to carry out the copulation screening 387 
smoothly, two points should be paid attention to. One is the body weight of female rats upon 388 
ovariectomy. The ovariectomy is performed only when the weight of female rats reaches at least 389 
240 g. Since the body maturation of female rats occurs later than gonadal maturation21, early 390 
ovariectomy could hinder male rats from successfully copulating with female rats even though 391 
the females were administered estrogenic hormones. The other point is that male rats should 392 
habituate to the screening boxes before copulation with female rats, in order to avoid the 393 
influence of neophobia to a novel context on following copulation. 394 
 395 
Stress factors should be tightly controlled throughout the experiment. Both male and female rats 396 



are handled and habituated to transportation before the conflict task starts. Moreover, during 397 
the habituation to the reward-proximity chamber before the testing day, male rats are 398 
repeatedly grasped and moved from the front of the stimulus cage to the other end of the 399 
chamber several times.  400 
 401 
As the conflict task continues, the obstacle (the board with pins) is repeatedly heightened, thus 402 
male rats behind the obstacle cannot see or directly feel the female rat in the stimulus cage any 403 
more. In order to keep the male rats attracted continuously by the sexual partner, some bedding 404 
material soiled by estrous female rats are placed in the stimulus cage, allowing the female odor 405 
to diffuse in the air. The beddings are collected ahead of the conflict task and stored at -20 °C 406 
until use.  407 
 408 
In this conflict task, one can also investigate the impact of reward value on reward-seeking 409 
behaviors, for example, changing the reward value by replacing the female rat (sexual reward) 410 
with a male rat (social reward)14,16. If both sexual and social rewards are used in one experiment, 411 
it would be best to run the experiment in two reward-proximity chambers, one for sexual reward 412 
and the other one for social reward. If the experiment has to be carried out in one chamber, both 413 
the chamber and the stimulus cage must be carefully cleaned with 0.1% glacial acetic acid 414 
between subjects as well as tests, in order to avoid the olfactory cross-contamination between 415 
male and female stimuli. The pins on board should be renewed regularly to ensure their constant 416 
threat to male rats.  417 
 418 
The male rats’ performance may be subject to exercising effect with repeated testing under this 419 
conflict task. We noticed that some animals (especially the saline-pretreated rats) could avoid 420 
the pins better through exercising on jumping over the obstacle during the second test (Figure 421 
3a). Although there is a significant correlation between the risky reward-seeking behaviors during 422 
the two repeated tests, it has not been verified if this task can be used for identifying the high- 423 
and low-risk phenotypes of reward-seeking behavior. Hence, so far this conflict task is suited to 424 
quickly probe any changes in inhibitory control after pharmacological or behavioral treatments.  425 
 426 
Compared with go/no-go task, stop signal task, multiple choices serial reaction time task and 427 
reversal learning, which reflect the subject’s ability of inhibition on the inappropriate responses 428 
after learning the rules of tasks2,5, in this conflict task, the subjects do not need to inhibit any 429 
learned responses but inhibit their spontaneous craving/motivation due to the possible negative 430 
consequence. Hence this conflict task better mimics the conflict situation which addicts often 431 
face and helps to examine the ability of inhibitory control during the psychological process of 432 
weighing up the cost and benefit. Moreover, in contrast with other decision-making tasks, such 433 
as risky decision making22,23 or gambling task24,25, this conflict task is simpler and easier to 434 
perform, since it only consists of single reward and single risk. 435 
  436 
The conflict model we established can be used to reveal deficits in inhibitory control after 437 
exposure to the opiate drug—morphine. We believe that this behavioral model would also be 438 
useful for quickly discovering the impairment of inhibitory control induced by other addictive 439 
drugs. Furthermore, the reliable opiate-induced compulsive reward-seeking behavioral 440 



phenotype will be identified based on this conflict model. At present, we are working to replace 441 
the obstacle (the board full of pins) with an electric grid so that foot shocks can be delivered to 442 
male rats, and are also modifying the behavioral procedure for repeatedly measuring animal's 443 
reward-seeking behaviors in the face of the negative consequence (foot shocks). As is known, 444 
there is no available behavioral model of opiate-induced compulsive reward-seeking behavior so 445 
far, which is probably because of the analgesic effect of opiates26,27. 446 
 447 
Clinically, stress is one of the important factors leading to relapse after drug withdrawal28. In 448 
addition, stress also is an important influencing factor for behavioral 449 
inhibition/impulsivity/compulsivity29. The introduction of this conflict model also allows us to 450 
observe the influences of various stressful events on the ability of inhibitory control in subjects 451 
quickly following exposure to abused drugs. 452 
 453 
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Day 1 Day 2 Day 3 Day 4 Day 5

  1
st

 injection 10 mg/kg 20 mg/kg 40 mg/kg 40 mg/kg 40 mg/kg

  2nd injection (6h later) 20 mg/kg 40 mg/kg 40 mg/kg 40 mg/kg 40 mg/kg
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Trial Obstacle Scoring per approach

1 a + 0 cm 0.5

2 a + 2 cm 1.0

3 a + 4 cm 1.5

4 b + 4 cm 3.0

5 b + 7 cm 3.5

6 b + 10 cm 4.0

7 b + 13 cm 4.5

8 b + 17 cm 5.0

9 c + 17 cm 6.0

10 c + 21 cm 6.5

11 c + 25 cm 7.0

12 c + 29 cm 7.5
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Name of Material/ Equipment Company Catalog Number Comments/Description

Acetic acid

Beijing 

Tongguangjingxi 

Chemical company CN No.81601 CH3COOH

Benzypenicillin sodium for Injection

Huabei 

Pharmaceutical F7072109 C16H17N2NaO4S

Cotton swabs

Wan Xin, Shandong, 

China 8 cm

β-estradiol benzoate SIGMA-ALDRICH E8515-200MG estradiol benzoate 

Gauze

Wan Xin, Shandong, 

China 21s × 21s 110×100

Hemostatic forceps

Beijing Zhong Sheng 

Wanda 

Biotechnology 

Morphine hydrochloride

Qinghai 

Pharmaceutical Co. 

Ltd 20100105 Morphine hydrochloride

Ophthalmic scissors

Beijing Zhong Sheng 

Wanda 

Biotechnology 

Pentobarbital Sodium Sigma C11H17O3N2Na

Precision animal shocker Coulbourn

Progesterone SIGMA-ALDRICH V900699-5G progesterone

Sesama oil

Fengyi trading 

company ltd. Sesama oil
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Sodium chloride injection

HuaLu 

Pharmaceutical H17092107 NaCl

Scalpels Gillette 96797241

Surgical blades

Shanghai Pudong 

Jinhuan Medical 

Products Co.,Ltd

Suture needles

Han Qin, Shanghai, 

China △1/2 6×14

Silk sutures

Shanghai Pudong 

Jinhuan Medical 

Products Co.,Ltd

Sprague-Dawley rats

Vital River Animal 

Center, Beijing, China Sprague-Dawley animal strain

Syringe

WeiGao Group 

Medical Polymer 

Co.Ltd 1ml, 2ml

Tweezers

Beijing Zhong Sheng 

Wanda 

Biotechnology 

Co.,Ltd.
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Major Concerns: 

1. How did the authors design the grading for the amount of difficulty the subject 

conquered per approach shown in Fig.5? What is the scientific evidence under this 

evaluation? 

 

Reply: The conflict task introduced in this article is a new behavioral paradigm which 

was designed based on both the understanding of inhibitory control/compulsivity 

and our own experiences. 

 

It has been well known that abused drugs can impair the ability of inhibitory control 

which is critically involved in compulsive drug-seeking behaviors and relapse (1,2). 

Some previous studies usually evaluate animals’ operant responses that lead to drug 

reward as well as a probability of negative outcome (e.g., foot shock or quinolinic 

acid), and in that situation, the conflict is introduced in nature. The negative 

outcome-resistant responding, i.e., perseverative responding, is defined as 

compulsive drug seeking and taking behavior (3,4,5,6). Therefore, we established the 

present conflict task in which animals also face the risk of negative consequences 

(being pricked), aiming to reveal the impairment of the ability of inhibitory control in 

opiate-treated animals. 

 

In this conflict task, we graded the difficulty of the obstacle according to the height of 

the barrier as well as the dangerous level of the pins. The validity of this conflict task 

is evidenced by our findings that morphine-treated animals always displayed more 

perseverative appetitive behaviors than saline-treated animals. In addition, we found 

the inter-individual difference in the perseverative appetitive behaviors within the 

morphine-treated group, well resonating with the findings that there also exist 

individual differences in compulsive drug-seeking behaviors induced by abused 

drugs/substances (3,6). We also found that inactivation of the anterior cingulate 

cortex (which is involved in conflict and inhibitory control) increased perseverative 

appetitive behaviors in saline-treated animals (unpublished data in our lab), further 

verifying that this task is suitable for investigating the ability of inhibitory control 

under various conditions..  

2. The authors mentioned that this conflict task is much simpler and easier to 

perform, since it only consists of single reward and single risk at line 414-415. I agree 

that this task is very simple. However, this task contains two risks, not single risk: the 

pins and the height of board. Only the height of board works as difficulty/cost for 

reward-seeking behavior. What do the authors think of this point? 

 

Reply: As a matter of fact, this task was developed from another task that we had 

designed to investigate the effort-based reward-seeking behaviors. In that task, a 

barrier was placed between male subject and sexual stimulus, and repeatedly 

heightened over trials (Fig B). In our opinion, the effort-based task is not related to 

risk since animals only need to pay labor but never face any negative consequences. 

Hence, the effort-based task is suited for evaluating the motivation of animals, like 
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the progressive ratio procedure of operant reinforcement. In the conflict task, the 

pins imply the risk that animals have to face and suffer to approach the rewarding 

stimulus. Hence, we tend to regard the combination of pins and board as a risk or 

cost. 

 

 

3. To investigate the influence of stressful events on the ability of inhibitory control in 

animals, the authors performed acute stress experiment of foot-shock. The authors 

analyzed the chronic effects of binge-like morphine treatment. Thus, chronic stressful 

events other than acute stressful events would be more intriguing. 

 

Reply: Thank you for this suggestion.  Investigating the influence of chronic stress 

on inhibitory control under this conflict task will be interesting, for example, the 

influence of chronic stressful events occurring at puberty on the development of 

inhibitory control in adulthood. 

 

Minor Concerns: 

On several lines in the protocol part, highlights with yellow color are observed. What 

do these highlights mean? 

 

Reply: The highlights are required by JoVE for showing the video scripts. 
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Major Concerns: 

My main concern is that the authors just concentrated on male rats. The authors 

should have attempted to optimize the same protocol with female rats. A submissive 

female rat should be used as the test animal and its inhibitory control should be 

tested towards a male rat. 

 

Reply: The estrous cycle of female rats can affect their sexual motivation to male rats, 

and then affect their behaviors in this conflict task. Probably for the similar reason, 

most of behavioral studies use male rats as subjects. Therefore, in order to introduce 

an alternative behavioral model for most scientists, we firstly used male rats as 

subjects for testing inhibitory control under this conflict task. Attempting to examine 

female rats’ inhibitory control with this task will be very interesting and also lack of 

study so far. 

 

Moreover, since the authors claim that this protocol can be used to test 

reward-seeking inhibitory control following stress the authors should provide data 

that supports this notion. The data that they present do not show a significant 

differences between stress vs control group and the number is to small to support a 

bi-modal distribution. 

 

Reply: Thanks for pointing out the shortage of the animal number. There is no 

significant difference in approaching behaviors between the stress and control 

groups, probably mainly because the acute stress did not affect or even decreased 

animals’ approaching behaviors, but increased approaching behaviors only in a small 

subpopulation (Figure 4b). Actually this bi-modally distributed individual difference 

was sort of result beyond our expectations, otherwise we would have recruited more 

animals when performing this experiment. However, what makes us be confident 

with this result is that we also found an exactly similar bi-modal distribution after 

exposure to the same stress procedure in another cohort of male rats pretreated 

with morphine. (Please see the supplementary figure adjusted from Bai et al., 2017). 

Hence we hoped to share this result with more scientists. 
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Minor Concerns: 

It's not clear to me what the authors mean by inhibitory control. That lies between 

impulsivity and decision-making. Do the authors believe that this test investigates 

both aspects or yield towards one f them? Please clarify 

 

Reply: Inhibitory control is the main component of executive function, and it refers to 

an adaptive ability to suppress inappropriate behavior or unrelated information 

interference (Miyake et al., 2000).  

 

In the conflict task in this paper, male rats need to make decisions on approaching 

sexual rewards (estrus female rats) or avoiding aversive stimuli (pins), in another 

word, inhibiting their appetitive behaviors due to the presence of pins. Hence, the 

ability of inhibitory control plays a role in this behavioral process and influence the 

behavioral output. 

 

Impulsivity is a trait of an individual, and also can be a kind of state (e.g., abused 

drugs can increase impulsivity). Hence, inhibitory control also is involved in 

impulsivity. The individuals with impairment of inhibitory control usually behave 

impulsively and/or compulsively.  

 

Under this conflict task (or, this simple decision making task), the individuals 

displaying maladaptive appetitive behaviors may have high impulsivity/compulsivity. 

 

The authors present their data as "Score". What the score is? Timme spent in sec for 

the rats to surpass the pins? Please clarify 

 

Reply: The score was used to evaluate to what extent the rats were willing to climb or 

jump over the obstacle in spite of the aversiveness of the pins. The amount of 

difficulty the male subject conquered every time to approach the stimulus cage was 

graded and summed up to the total score for each subject. 
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