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SUMMARY
Background. In many resource-limited countries, children are routinely given intra-
muscular (IM) injections of medication to treat pain or illness. IM injections are 
suspected in the development of gluteal fibrosis (GF) in children, a condition that 
limits normal hip motion and function. The mechanism by which GF develops is 
not understood. Our study examines a commonly IM administered antimalarial in 
Uganda, quinine, to assess its ability to cause fibrogenesis of muscle fibro/adipogenic 
progenitors (FAPs), the cellular source of muscle fibrosis. The purpose was to evaluate 
if quinine itself could alter muscle cells and cause fibrosis.  
Methods. FAPs were isolated from skeletal muscle in wildtype C57BL/6 mouse with 
florescence-activated cell sorting (FACS). After sorting, the FAPs were cultured in 
standard media until they reached 80% confluence. The cells were then cultured in a 
series of quinine concentrations. Fibrogenesis of FAPs was determined with RT-qPCR 
of fibrogenic markers. 
Results. The RT-PCR results showed increased αSMA, vimentin and collagen-1 
expression in quinine exposed cells. At lower quinine dosages, expression increased 
in stemness markers; Sox2, cMyc, Oct-4, and Nanog. Conversely, at higher dosages 
quinine decreased stemness marker expression. Lastly, quinine increased TGFβ1 and 
Ki67 and decreased BMP7.  
Conclusions. Our findings suggest that quinine induces FAP fibrogenesis and reduces 
FAP stemness. Further study is needed, but if confirmed that Quinine induces fibro-
genesis, limiting the use of Quinine may be an effective public health intervention to 
reduce cases of gluteal fibrosis and resultant childhood disability.
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BACKGROUND
In many resource-limited countries,  children are routinely 
given intramuscular (IM) injections for the delivery of medi-
cation to treat febrile illnesses/communicable diseases (1-10). 
IM injections are thought to be the underlying cause of gluteal 
fibrosis (GF) ‒ a fibrotic infiltration of the gluteal muscles 
that results in a loss of flexion and adduction of the hips (1, 2, 
4-6). The resultant abduction contracture of the hips impacts 
children’s ability to sit and squat normally. Additionally, this 
condition  limits  their ability to attend school and carry out 

normal daily activities such as using the toilet and performing 
chores. In certain regions of Uganda, such as the District of 
Kumi, there are many children with this condition ‒ with as 
many as 30% of visits to a musculoskeletal clinic and 40% of 
outreach visits being for an injection related injury (1, 4). In 
this particular region of Eastern Uganda, some of the local 
medical providers suspect that quinine is the culprit in their 
high number of GF cases. Studies have indicated that over 
80% of children affected by GF had received multiple IM 
quinine injections prior to their post injection complications 
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(1, 4). However, the exact mechanism of how GF develops 
through the administration of IM injections is still not under-
stood. As such, we have sought to investigate the basic science 
aspects of GF in order to better understand this condition 
and impact future prevention and treatment efforts. 
Our study examines a commonly IM administered antima-
larial in Uganda, quinine, to assess its ability to cause fibrotic 
changes in skeletal muscle cells (1, 2, 4, 5, 7-9, 11, 12). We 
studied quinine in particular because, through the senior 
author’s (CS) work on GF in Uganda, quinine has been anec-
dotally implicated as the main agent in inducing GF. Should 
it induce changes at the cellular level, this can further our 
understanding of the mechanism by which GF develops in 
this population. Using a cell model, we exposed fibrogenic/
adipogenic progenitor (FAPs) cells in culture media condi-
tions to different concentrations of quinine in order to deter-
mine its effects on FAP fibrogenic differentiation and filament 
production (4, 11, 13-16, 18). This investigation allowed us to 
begin to uncover the microscopic events that potentially lead 
to macroscopic muscle fibrosis and loss of function (4).
FAP’s are integral regulators of satellite cells (skeletal 
muscle stem cells) in acute injury states (14, 15). During 
times of cellular stress, FAP’s assimilate environmental 
conditions into signals that regulate satellite cell activities 
(14, 15). Interestingly, the abnormal activity of FAP’s has 
been linked to the development of pathologic states within 
skeletal muscle such as impaired muscle regeneration and 
fibrosis (14, 15). We anticipate that quinine will significantly 
alter FAP gene expression leading to the abnormal healing 
of skeletal muscle and ultimately resulting in fibrosis. 

MATERIALS AND METHODS

FAP sorting and isolation
In order to study the effects of quinine on FAP differenti-
ation and filament production, we isolated the cell popu-
lation of CD31-, CD45-, Integrinα7-, Sca-1+ and PDGFRα+ 
FAPs from skeletal muscle of 3-month-old male wildtype 
C57BL/6 mice (Jackson laboratory Corp., Sacramento, CA). 
After C57BL/6 mice were sacrificed, skeletal muscles were 
harvested and minced into 1 mm chunks with sterile scissors 
in cell culture hood. We then incubated the minced skele-
tal muscle with 0.2% Collagenase II for 90 minutes in a 37 
°C sterile water bath. Next, forty milliliter washing buffer 
(F/10, 10% Horse Serum, 1 × HEPES) was added into the 
mixture and then centrifuged at 1500 rpm for 5 minutes at 
room temperature. The supernatant was then transferred to a 
new 50 mL centrifuge tube and set aside. The remnants were 
then rinsed with washing buffer and spun down for 5 minutes 
at 1500 rpm. The supernatant then collected and combined 

with the supernatant from the first round of centrifuging. 
Then D2 solution (0.06% Collagenase II, 0.15% Dispase 
with washing buffer) was added to the combined superna-
tant and incubated at 37 °C for 30 minutes. This solution was 
then passed through a 70 µm cell strainer (VWR Internation-
al) and then a 40 µm cell strainer (VWR International). The 
filtered cells were collected and washed with 40 mL FACS 
buffer (2.5% FBS, 20 mM EDTA, 1 × PBS) and centrifuged 
at 1500 rpm for 5 minutes. The filtered cell supernatant was 
discarded, and the cell pellets were re-suspended with 500 
µL of FACS buffer. The cell solution was then incubated with 
anti-CD31-FITC (BD bioscience), anti-CD45-FITIC (BD 
bioscience), anti-integrin α7-APC (R&D systems) PE-Cy7-
Sca1 (BD bioscience, Clone. E13-161.7) and anti-cd140a(P-
DGFRα)-BV421 (BD bioscience, Clone APA5) for 30 
minutes before being sorted with FACSAria™ II sorter (BD 
biosciences). FAPs were collected as the CD31-/CD45-/Inte-
grinα7-/Sca-1+/PDGFRα+ cell population. The SFVAMC 
Institutional Animal Care and Use Committee (IACUC) 
approved all procedures and handling of the animals.

Cell culture
24 well plates were coated with 1% Matrigel in DMEM for 1 
hour at room temperature before cell seeding. After sorting, 
the FAPs were seeded into Matrigel pre-coated 24 well plates 
and at a density of 5,000 cells per well. Cells were cultured 
for one week with standard cell culture medium (Ham’s 
F-10, 10% fetal bovine serum, 10 ng/mL βFGF and 1% 
antibiotic-antimycotic solution, Thermo Fisher Scientific, 
MA USA). Then one 24 well plate of cells was set aside to be 
used as our negative control. The rest of the cells were then 
cultured in 0.5 mL of standard culture media with the addi-
tion of a fixed concentration of serially diluted quinine for 
two weeks before processing for RT-qPCR. Using a logarith-
mic serial dilution, we exposed the cells to quinine’s injection 
dosage concentration (IDC), the concentration that quinine 
is injected into the patient, and successive diluted concen-
tration until we ended at one thousand times below the IDC 
(IDC, IDC × 0.1, IDC × 0.01, IDC × 0.001) (1, 3, 4, 8, 9, 12, 
17, 18). Lastly, our negative control group was exposed to 
0.5 mL of standard culture media for 2 weeks. We also tested 
the effect of quinine on the cells at its peak serum concentra-
tion (SC), the highest concentration of quinine found in the 
blood stream after administration (12, 17, 18). Six biological 
replicates per condition were run. 

Real Time qPCR
Total RNA was extracted from the cells on day 14 using 
a Trizol reagent (Applied Biosystems) according to the 
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manufacturer’s instructions. Real-time qPCR was run with 
Fast SYBR Green Master Mix (Applied Biosystems) on 
a Viia7 Real Time Detection System (Applied Biosyste-
ms). This test was performed to quantify the expression of 
TGFβ-1, BMP7, and Ki67, the fibrotic markers collagen-1, 
vimentin, and αSMA expression and the stemness markers 
Nanog, Sox2, Oct-4 and cMyc (13, 14). The ΔΔCt method 
was used to compare gene expression between the differ-
ent quinine concentrations using GAPDH as the house-
keeping gene.

Statistical analysis
For all analyses, ANOVA was used to assess for significance. 
Significance was defined as p < 0.05. Data are presented as 
mean ± standard error of measurement.

Ethical standards
Our study meets the ethical standards of Muscle Ligaments 
and Tendons Journal. From our cell line development and 
authentication to the reporting of our molecular results 
obtained through basic science practices (19, 20).

RESULTS 

Quinine induces fibrogenesis
The RT-PCR results showed an increase in αSMA expres-
sion (+ 3.02-fold average, p < .05, SE = .46) and vimentin 
(+ 81.89-fold average, p < .05, SE = 3.89) across all quinine 
concentrations ‒ except IDC ‒ at the end of the 14 days 

compared to the control (Graph 1). Similarly, there was a 
significant average fold increase in collagen-1 (+ 16.55-fold 
average, p < .05, SE = 1.22) across all quinine concentra-
tions (figure 1). 

Quinine reduces stemness
Furthermore, at lower dosages quinine increased stem-
ness markers in Sox2 (+ 3.57-fold, p < .05, SE = .3528), 
cMyc (+ 7.38-fold, p < .05, SE = .712), Oct-4 (+ 3.58-fold), 
and Nanog (+ 11.58-fold) (Graph 2). Conversely, at high-
er dosages quinine decreased stemness markers compared 
to the control after 14 days: Sox2 (+ .51-fold), cMyc (+ 
.16-fold), Oct-4 (+ .09-fold, p <.05, SE = .003), Nanog (+ 
.06-fold, p < .05) (figure 2).

Quinine induced TGFβ1 and Ki67 but decreased 
BMP7 expression
Lastly, quinine increases TGFβ1 across all quinine concen-
trations ‒ except at IDC × 0.01 (+ 9.06-fold average, p < 
.05, SE = 1.48). and decreases BMP7 significantly at IDC × 
0.001 (+ .12-fold, p < .05, SE = .001). Quinine also increas-
es Ki67 at IDC × 0.1 (+ 17.66-fold, p < .05, SE = .5299) 
(figure 3).

DISCUSSION
Gluteal fibrosis (GF) is unfortunately quite common in 
certain areas of Uganda and many other countries and has 
a significant negative impact on the hip function in affected 
children and adults. As many as 28% of visits to a muscu-

loskeletal clinic in the Kumi District 
of Uganda are related to injection-in-
duced GF (2). Various studies have 
indicated that over 80% of children 
affected by GF had received multi-
ple IM quinine injections prior to 
the development of the fibrosis (1, 
4). Few studies have investigated the 
microscopic phenomena that leads 
to the development of this disabling 
condition. Furthermore, no stud-
ies have been conducted investigat-
ing the role that antimalarial drugs, 
such as quinine, play in gluteal fibro-
sis’ development. As such, we inves-
tigated a commonly IM administered 
antimalarial in Uganda, quinine, and 
found that it plays a key role in caus-
ing fibrotic changes to skeletal muscle 

Figure 1. Quinine increases fibrogenesis marker expression 
significantly in FAPs.
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cells (1, 2, 4, 5, 7-9, 11, 12). Quinine ultimately promotes 
skeletal muscle fibrotic changes by inducing FAP fibrogen-
esis and reducing FAP stemness via the TGF-β1/BMP7 
pathway. Furthermore, our findings suggest that quinine’s 
microscopic effects on human myocytes potentially account 
for the development of macroscopic gluteal contractures 
(4-6, 11, 13-16).
Despite decades of studies reporting the presence of, and 
treatment for GF, little information is available about the 
cellular mechanisms by which GF develops. Recently, the 
Transforming Growth Factor-β (TGF-β) signaling path-
way has been under investigation in relation to its effects 
on skeletal muscle FAP’s. This pathway has been found to 
play a pivotal role in the development of pathologic fibro-
sis in various tissues and organs (13-15). Specifically, stud-
ies have shown that TGF-β is associated with increased 
fibrosis of injured skeletal muscle by preventing FAP apop-
tosis (13-15). Furthermore, FAP’s have been identified as 

integral cell precursors 
for skeletal muscle adipo-
cyte infiltration and fibro-
sis (14, 15). FAP’s are inte-
gral regulators of satellite 
cells (skeletal muscle stem 
cells) in acute injury states. 
They have been linked to 
the development of patho-
logic states within skeletal 
muscle such as impaired 
regeneration, fatty infiltra-
tion and fibrosis (14, 15). 
We believe that the TGF-β 
pathway is the key regula-
tor of the fibrotic chang-
es seen in skeletal muscle 
during pathologic injury 
states, such as GF, due to 
its role in regulating FAP 
apoptosis.
The Transforming Growth 
Factor-β (TGF-β) signaling 
pathway has been identified 
as a superfamily of poly-
peptide ligands (14, 15). 
Components of the TGF-β 
superfamily include: 
TGF-β-like ligands, bone 
morphogenetic proteins 
(BMPs) and activins. 
The TGF-β superfami-
ly of ligands is incredibly 

important for the proliferation, differentiation and devel-
opment of skeletal muscle cells (14, 15). TGF-β’s cellular 
effects depend on the duration of its activation. In an acute 
setting, TGF-β has been found to assist in skeletal muscle 
repair (14, 15). However, when skeletal muscle is chron-
ically exposed to TGF-β, pathologic fibrosis develops (14, 
15). Similarly, our results demonstrate that chronic activa-
tion of the TGF-β pathway expression results in pathologic 
muscle fibrosis seen in FAPs exposed to quinine. Through-
out almost every quinine exposed condition, TGF-β1 was 
found to be upregulated and BMP7 downregulated. These 
results along with the supporting literature on the TGF-β 
pathway’s role as a key regulator in skeletal muscle fibrosis 
leads us to believe that quinine activates this pathway, which 
in turn leads to pathologic muscle fibrosis. 
RT-qPCR confirmed that quinine induces FAP phenotyp-
ic changes and increased fibrogenesis as determined by the 
up-regulation of collagen-1, vimentin, and αSMA expression 

Figure 2. Quinine increases stemness markers at lower doses 
but decreases those markers at higher doses in FAPs.

Figure 3. Quinine increases TGFβ1 and Ki67 expression but 
decreases BMP7 expression in FAPs.



639Muscles, Ligaments and Tendons Journal 2021;11 (4)

J. H. Jay, M. Liu, X. Liu, et al.

(11, 13, 14, 16). Furthermore, at high dosages quinine down-
regulates Nanog, Sox2, Oct-4 and cMyc stemness markers, 
but at lower dosages quinine increases stemness markers in 
FAPs (16). These results highlight that at lower concentra-
tions quinine has a therapeutic effect on cells by increasing 
stemness, at higher concentrations, quinine can be especially 
determinantal to the cells. We postulate that quinine’s ability 
to decrease stemness markers and increase fibrogenic mark-
ers is due to the upregulation of TGF-β1 and the downreg-
ulation of BMP7 based on our RT-qPCR findings (14, 15).
Because this is a pilot study, our lab is aware that there are 
limitations to our initial investigation of this topic. Limitations 
include that the cells we used were mouse cells, not human 
muscle cells and therefore they may respond differently than 
human cells do. Further, this study was not conducted in 
vivo, and our samples lacked exposure to mechanical stress 
from syringe administration and fluid infiltration which may 
also be factors in development of gluteal fibrosis. 
In an effort to better understand the etiology of GF we 
desire to repeat these studies with quinine in comparison 
to other commonly injected medications (1-4, 7). Further-
more, we will explore options for an in vivo mouse model. 
These approaches will allow us to gain a better understand-
ing of this condition and the factors leading to the develop-
ment of GF.  Further studies to explore the effects of the 
mechanical act of delivering the injection, the potential role 
of micro-abscess formation after sub-sterile preparation 

and if similar results are seen with other commonly injected 
medications would be beneficial, as the development of GF 
may be multi-factorial in nature.   

CONCLUSIONS
Overall, our findings suggest that quinine induces FAP 
fibrogenesis and reduces FAP stemness. Furthermore, we 
postulate the TGF-β1/BMP7 pathway is the underlying 
mechanism for quinine-induced muscle fibrosis. In a clin-
ical sense, these findings suggest that quinine contributes 
to the fibrosis of human myocytes by increasing collagen-1, 
vimentin and αSMA production in FAPs while also caus-
ing FAP’s to differentiate into their fibrogenic counterparts 
(4, 11, 13, 15, 16). The microscopic phenomena we found 
lead us to believe that quinine can potentially contribute 
to the development of macroscopic gluteal contractures 
through the same mechanisms (4, 5, 6, 11, 13-16). However, 
these findings do not prove that quinine is solely respon-
sible for gluteal contractures but suggest that quinine may 
contribute. 
Future work is needed to demonstrate how quinine inter-
acts with TGF-β1 and BMP7 pathways in FAPs. 
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