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Enhanced cocaine dependence in adulthood following adolescent nicotine
exposure is significantly associated with elevated CCLS expression
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Abstract: This study aims to investigate the effects of nicotine exposure during puberty on cocaine addiction
behaviors in adult rats and to investigate the underlying mechanisms. Male Wistar rats, aged 30 days, were divided
into two groups: saline-exposed group and nicotine-exposed group. The nicotine-exposed group received
subcutaneous injections (sc) of 0.3 mg-kg' nicotine solution three times daily for 15 consecutive days, while the
saline-exposed group received an equal volume of saline. On day 60 post-birth, blood was collected from the
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orbital sinus to separate serum. On day 62, rats underwent jugular vein catheterization surgery and self-
administration (SA) training for cocaine, which lasted for 10 consecutive days. The fixed ratio (FR) schedule was
gradually increased. After training, rats displayed stable nose-poke behavior for cocaine seeking. Dose-response
tests (DR) and progressive ratio tests (PR) were performed to examine whether nicotine exposure during
adolescence influenced cocaine addiction in adulthood. This experiment was approved by the Animal Ethics
Committee of Institute of Materia Medica, Chinese Academy of Medical Sciences (approval number: 00004401).
In the DR test, nicotine-exposed rats showed significantly higher numbers of effective cocaine injections at doses
of 0.03, 0.1, and 0.3 mg-kg"' compared to the saline-exposed group. The nicotine-exposed group exhibited more
pronounced craving for cocaine. In the PR test, at 0.75 mg-kg"' cocaine dose, nicotine-exposed rats tended to have
higher breakpoints (BP) than the saline-exposed group. Cytokine antibody array and ELISA of serum revealed that
CCLS5 level in the nicotine-exposed group was significantly higher than that in the saline-exposed group. Moreover,
in the DR test, the number of cocaine injections obtained at 0 and 0.3 mg-kg™ cocaine doses correlated significantly
with CCLS5 levels. In conclusion, nicotine administration during puberty in rats can significantly increase their
addiction to cocaine and self-administration behavior in adulthood, exhibiting distinct drug dependence

characteristics. The content of CCLS in rat serum is positively correlated with cocaine addictive behavior.
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Figure 1 Schematic timeline of the experimental procedure. Rats

were subcutaneously administered saline (n =16) or nicotine (n =
17) three times daily from PND 30 to 45. When they were in the
adulthood, serum was collected by orbital blood collection. Later,
the surgery for catheter implantation was performed, followed by a
3-day postoperative recovery. Cocaine SA training was conducted
under three reinforcement schedules: FR1 (4 days), FR3 (3 days),
and FR5 (3 days). Subsequently, the DR, PR and OFT were
performed from PND 75 to 78. PND: Postnatal day; SA: Self-
administration; FR: Fixed ratio; DR: Dose response test; PR:

Progressive ratio test; OFT: Open field test

16 H SR 250 SRR, A2 AR K AR B T4 K
AT R REF R LA EEER . MH S
$ 5 0] R A RO S B R [ € L3R (FR1-FR3-FRS)
BN, PR SRR e T Rl 5 2547 R, IF
RAFT] R A B R B R (E2). m,
P ZH K BRIS RRTh T T AR E I S A 24T
2 DR

1EH S5 204 R )E, 8k DR PP 45 7 241
R BRXF AN (7] 7] 8 AT S DR VR D v SRR B, A A 1 Y

Saline

-m- Nicotine

ns.

FR3
Training day

Figure 2 Self-administration of cocaine (times in 3 h) across training days under different reinforcement schedules (FR1, FR3, and FRS).

A: A schematic diagram of a simplified self-administration apparatus: upon a valid nose-poke response by the rat, a single cocaine injection

is administered, accompanied by a 5-s auditory cue and light-off as part of the conditioned reinforcement protocol; B: There was no

significant difference in self-injection rates between the nicotine-exposed group (n = 17) and the saline-exposed group (n = 16) throughout

the training period. The rats developed stable nose-poke responses for cocaine SA over the training period. mean + SEM. ns.: Not significant
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Figure 3 Results of cocaine addiction behavior and activity tests. A: Dose response test for cocaine self-administration (times in 1 h) of the
nicotine-exposed group (n = 14) and the saline-exposed group (rn = 13). The nicotine-exposed group showed significantly higher self-
administration times; B: Progressive ratio test for cocaine self-administration (times in 6 h) of the nicotine-exposed group (n = 13) and the
saline-exposed group (n = 12). The nicotine-exposed group showed obvious tendency to have higher BP values at dose of 0.75 mg-kg" (P =
0.075 5) compared to the saline-exposed group; C, D: Drug injection does not significantly affect locomotor activity or anxiety-like behavior
in the OFT. C: Total distance traveled (cm) in the OFT for rats treated with saline (» = 13) or nicotine (n = 14); D: Time spent in the center
area (s). Mean = SEM. "P < 0.05, "'P < 0.01. BP: Breakpoint
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Figure 4 The content of cytokines in serum. A, B: The levels of cytokines in serum of the saline-exposed group and nicotine-exposed

group (n = 4). Cytokine antibody array analysis revealed that the nicotine-exposed group exhibited higher levels of CCL5 compared to the

saline-exposed group; C: The increased serum CCLS5 level in the nicotine-exposed group was confirmed by ELISA analysis (n = 13-14).
Mean + SEM. "P < 0.05, ""P < 0.001. CCL5: C-C motif chemokine ligand 5; CXCL7: C-X-C motif chemokine ligand 7; TIMP-1: Tissue
inhibitor of metal protease 1; VEGF: Vascular endothelial growth factor; CXCL6: C-X-C motif chemokine ligand 6; CD62L: L-Selectin;

CD54: Intercellular cell adhesion molecule-1; ELISA: Enzyme-linked immunosorbent assay
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Figure 5 Analysis of the correlation between serum CCL5 levels and cocaine addiction-related behaviors. A-E: Analysis of the correlation

between CCLS5 levels and the number of effective cocaine injections in the DR test in rats. At both 0 and 0.3 mg-kg"' doses, the number of

effective cocaine injections shows a significant positive correlation with their serum CCL5 level (P < 0.05); F, G: Analysis of the correlation

between CCLS5 levels and the BP value in the PR test in rats. There was no significant correlation
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