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Dear Editor, 

Systemic lupus erythematosus (SLE) is a multifaceted autoim- 
mune disorder that affects over a million Americans, predomi- 
nantly women, with a female-to-male ratio of ∼9 : 1 and higher 
pr e v alence r ates in African-Americans and Hispanics. Despite 
advancements in treatment strategies, individuals with SLE still 
face a significantly reduced life expectancy. Current treatments, 
such as immunosuppressants and corticosteroids, are effective 
but carry risks of se v er e side effects, including malignancies. This 
highlights the urgent need for innov ativ e ther a peutic a ppr oac hes.
Recent r esearc h has incr easingl y ac knowledged the influence of 
lifestyle factors—such as diet, exercise , stress , and sleep—on the 
pr ogr ession of SLE [ 1 ], suggesting that lifestyle interventions could 

serve as valuable adjunct therapies to existing treatments. 
Exercise is advised by international task forces, while adequate 

sleep is emphasized due to its role in mitigating fatigue—a com- 
mon issue in SLE patients. Research indicates a connection be- 
tw een sleep disor ders and disease activity in SLE [ 2 ], with insuffi- 
cient sleep and obstructive sleep a pnea incr easing susceptibility 
to SLE and correlating with disease severity. Sleep is modulated by 
melatonin, a hormone linked with circadian rhythms. Melatonin 

le v els ar e r educed in lupus patients [ 3 ] and are associated with 

disease se v erity. Studies hav e shown the positiv e impact of mela- 
tonin on lupus nephritis but its effect on central nervous system 

(CNS) lupus r emains incompletel y understood and needs further 
investigation. 

Melatonin ( N -acetyl-5-methoxytryptamine) is an indoleamine 
hormone known for its role in regulating circadian rhythms and 

possessing anti-o xidati v e and anti-inflammatory pr operties. Al- 
though primarily synthesized in the pineal gland, melatonin 

is also expressed in other tissues such as the gastrointestinal 
tr act, skin, and r etina, as well as by immune cells. Its effects on 

hematopoiesis, cytokine production, and ov er all imm une func- 
tion are well documented. It is established that melatonin acts on 

the slee p/wak e c ycle b y r egulating sleep-r elated neur otr ansmit- 
ters and neural circuits . T his study will use melatonin as a tool 
to elucidate the impact of sleep on CNS lupus using the MRL/lpr 
mouse model. 

The MRL/lpr mouse is a well-established model for studying 
CNS lupus, demonstr ating v arious clinical and pathological fea- 
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ur es compar able to human SLE, including skin r ashes, kidney
ysfunction, and CNS manifestations. While human SLE exhibits 
ariable disease activity, murine SLE progresses consistently, pro- 
iding a stable fr ame work for study. As mentioned earlier, SLE is
or e pr e v alent in females, and ther efor e our study focused on fe-
ale mice. Notably, this model shows pathological similarities to 

uman lupus, such as edema and behavior al c hanges like anxi-
ty and cognitive impairment. One critical protein, aquaporin 4 
AQP4), involv ed in br ain water balance and edema de v elopment,
s highly conserved and expressed in the plasma membranes of
 pend ymal cells and astrocytes [ 4 ]. In this study we will probe
he underlying disease-causing mechanisms, focusing on their ef- 
ects on ov er all wellness, bone density, complement activation, cy-
okine le v els, and br ain function. 

Results: In our study, female MRL/lpr mice sho w ed significantly
mpr ov ed behavior and lupus disease pathology when treated
ith melatonin (1 mg/kg body weight from 12 to 22 weeks). Char-
cteristic disease-associated changes such as necrosis and skin 

 ashes wer e significantl y r educed in melatonin-tr eated mice . T he
reated mice had a reduction in spleen weight (lpr 0.4 ± 0.03

g vs treated 0.28 ± 0.05 mg, Fig. 1 A) and impr ov ed bone den-
ity (Fig. 1 B), ho w e v er, body composition measur es did not dif-
er significantly between groups (results not shown). Furthermore,

elatonin-tr eated mice demonstr ated good nest-building behav- 
ors (Fig. 1 D, supplementary Fig. 1 , see online supplementary ma-
erial), indicativ e of ov er all w ellness, and lo w er fecal boli counts
Av er a ge number of fecal boli: MRL/lpr mice 5.43 ± 2.2 vs treated
.14 ± 1.3, P < 0.05, Fig. 1 C), suggesting reduced anxiety. Behav-
oral despair tests, including tail suspension (immobility time : 

RL/lpr mice 98 ± 56 sec vs treated 43 ± 33 sec, P < 0.05, Fig. 1 E)
nd forced swimming (immobility time: MRL/lpr mice 143 ± 23 
ec vs treated 67 ± 43 sec, P < 0.05, Fig. 1 F) tests sho w ed that
elatonin treatment decreased immobility times, reflecting re- 

uced de pressi ve-lik e behavior and indicating impr ov ed br ain
unction. The brain is protected from circulating toxins by the
lood–brain barrier (BBB). Brain tissue analyses revealed allevi- 
tion of altered BBB permeability ( supplementary Fig. 2 , panel
, CD31 staining, see online supplementary material) and re- 
uced brain edema (80 ± 1.3 mg vs 77 ± 0.6 mg in treated,
ig. 1 I), gliosis (increase in astroglial cells, supplementary Fig. 2 ,
anel 2, Glial fibrillary acidic protein (GFAP) staining) and AQP4
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Figure 1. Melatonin treatment improves disease pathology in MRL/lpr mice. Compared to the MRL/lpr mice, in mice treated with melatonin: ( A ) spleen 
weights are reduced; ( B ) bone mineral content assessed by Dexa is increased; ( C ) number of fecal boli is reduced; ( D ) nesting behavior score is 
increased with noticeable nests constructed; ( E , F ) reduced despair behavior, dependent on immobility time is observed using, tail suspension test (E) 
and forced swimming (F); ( G ) kidney function is impr ov ed with reduced albuminaria; ( H ) serum C3 assessed by ELISA is increased; ( I ) water content in 
brain is decreased indicating edema is decreased; ( J ) concentration of proinflammatory cytokines, IL-1 β, IL-6, TNF- α and NF κB are reduced; and ( K ) 
western blot showing reduced iC3b formation indicating reduced complement activation. n = 7/group. Normally distributed data are given as 
mean ± standard deviation (SD). ∗p < 0.05. 
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xpression (water channel in brain, supplementary Fig. 2 , panel
, AQP4 staining) in melatonin-treated mice. Melatonin treatment
ignificantly lo w ered urinary albumin levels ( albumin/creatinine,
g/mg, Fig. 1 G), indicating impr ov ed r enal function. The in-

ammatory responses normally observed in lupus mice and lu-
us patients were significantly toned down with reduced com-
lement activation (Fig. 1 K), altered serum C3 levels (Fig. 1 H),
nd significantly reduced serum levels of proinflammatory cy-
okines (interleukin-1 β (IL-1 β), interleukin-6 (IL-6), tumor necrosis
actor(TNF) α , IFN- γ ) (Fig. 1 J). 

Discussion: Earlier studies sho w ed that melatonin treatment
educed the disease pathology in lupus nephritis, suggesting that

elatonin might be an effective therapeutic target for lupus. In
he present study, we investigated whether melatonin treatment
ould alleviate CNS manifestation of lupus along with the possi-
le behavioral and molecular mechanisms involved, a facet that
 emains incompletel y understood. Earlier studies fr om our lab r e-
 ealed an incr ease in AQP4 expr ession and loss of BBB leading
o edema and inflammation in the MRL/lpr brain. Our present
ndings show for the first time that melatonin treatment ame-

ior ated br ain pathology, and r educed inflammatory markers in
he MRL/lpr mouse model, thereby leading to improvements in
eha vioral outcomes . 

Cytokines play a critical role in lupus pathology leading to or-
an damage and tissue injury. In a pristine induced lupus model,
elatonin r educed IL-6-r educing antibodies [ 5 ]. Our r esults show

hat melatonin reduces the cytokines TNF- α, IL-6, IL-1 β, and NFkB.
hese inflammatory molecules activ ate differ ent pathways suc h
s the inflammasome and canonical NFkB pathwa ys . Howe v er,
ince , NFkB is in volved in both the onset and resolution of inflam-
ation further r esearc h is needed to gain insight into the under-
 ying mec hanisms in the setting of melatonin tr eatment. In ad-
ition, our results show reduced complement activation that will

ead to limited generation of proinflammatory molecules such as
C3b, C3a, and C5a, ther eby r educing the infiltr ation of inflamma-
ory cells. 

Recentl y ther e hav e been se v er al r eports of lupus cases with hy-
ertension and loss of BBB integrity with cer ebr al edema ([ 6 ], [ 7 ]).
arlier studies from our lab sho w ed that these changes could be
educed by complete complement inhibition in MRL/lpr mice [ 8 ].
omplement participates in an increasing list of non-canonical

unctions . T her efor e, its inhibition could alter homeostasis, and
lso leave the patient open to infections. Here w e sho w that mela-
onin alle viates BBB alter ations and AQP4 expr ession r esulting in
imited edema. Whether melatonin is regulating these changes
hrough complement modulation needs further investigation. 

Conv entional ther a pies for lupus suc h as cyclophosphamide
nd pr ednisolone, significantl y alle viate disease symptoms and
nhance the life quality for these patients, but is accompanied
y toxic effects that include neurological manifestations such as
nxiety, depression, and cognitive deficits. Our results show for
he first time, using a battery of tests that have been de v eloped
o understand the equivalent of human pathological anxiety and
epr ession in r odents, that melatonin is pr otectiv e in a lupus set-
ing, protecting the brain and its function. 

These findings support the potential of melatonin as an adjunct
o existing ther a pies and highlight the importance of lifestyle in-
erv entions in mana ging SLE. Melatonin, thr ough its r egulation of
ir cadian rhythms w as sho wn to have numerous significant ben-
fits. Melatonin holds promise as an adjunctive therapy for CNS
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lupus and our studies provide a foundation for future research to 
integrate melatonin and lifestyle modifications into comprehen- 
siv e SLE tr eatment str ategies . T he impact of melatonin is depen- 
dent on the time of administration and sex of the mouse ([ 9 ], [ 10 ]).
Since SLE is a c hr onic disease with flares and periods of quies- 
cence, further r esearc h is warranted to explore the optimal tim- 
ing and dosage of melatonin, its effects during different disease 
phases, and its role in other SLE-related complications. 
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