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Cissus Quadrangularis enhances
UCP1 mRNA, indicative of white
adipocyte browning and decreases
central obesity in humans

in a randomized trial
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Issarawan Keadkraichaiwat, Malika Churintaraphan, Chanakarn Sripong,
Rungnapa Sririwichitchai & Sompol Tapechum

Obesity is associated with the growth and expansion of adipocytes which could be decreased via
several mechanisms. Cissus Quadrangularis (CQ) extract has been shown to reduce obesity in humans;
however, its effect on human white adipocytes (hWA) has not been elucidated. This study aimed

to investigate the effects of CQ on obesity, lipolysis, and browning of hWA. CQ treatment in obese
humans significantly decreased waist circumference at week 4 and week 8 when compared with the
baseline values (p <0.05 all) and significantly decreased hip circumference at week 8 when compared
with the baseline and week 4 values (p <0.05 all). Serum leptin levels of the CQ-treated group were
significantly higher at week 8 compared to baseline levels (p <0.05). In hWA, glycerol release was
reduced in the CQ-treated group when compared with the vehicle-treated group. In the browning
experiment, pioglitazone, the PPAR-y agonist, increased UCP1I mRNA when compared to vehicle
(p<0.01). Interestingly, 10, 100, and 1000 ng/ml CQ extract treatment on hWA significantly enhanced
UCP1 expression in a dose-dependent manner when compared to pioglitazone treatment (p <0.001
all). In conclusion, CQ decreased waist and hip circumferences in obese humans and enhanced UCP1
mRNA in hWA suggestive of its action via browning of hWA.

Obesity, a state of excessive fat accumulation leading to weight gain', causes many adverse health consequences
including diabetes mellitus®, hypertension®, and cardiovascular diseases* and was reported to be raised globally
between 1980 and 2015°. Obesity is related to the growth of adipose tissue leading to increased adipocyte size
or hypertrophy and increased adipocyte number or hyperplasia®. Hypertrophy is caused by excess accumula-
tion of triglycerides in the cytosol of adipocytes while hyperplasia refers to pre-adipocyte proliferation and
differentiation®. The decrease in adiposity is revealed via several mechanisms including the reductions in pre-
adipocyte proliferation and differentiation, the increases in adipocyte lipolysis and apoptosis”®, and induction
of browning of white adipocytes leading to increased thermogenesis’.

Lipolysis is the breakdown of triglycerides into glycerol and free fatty acids (FFAs) which are released into
the circulation'’. Browning of white adipocytes is the transformation of white adipocytes to the new type of
adipocytes known as brown-like adipocytes or beige/brite adipocytes''. The transformation results in a change
from unilocular morphology of white adipocytes to multilocular morphology of brown adipocytes and increased
expression of uncoupling protein 1 (UCP1) which is the marker of brown adipocytes'?!*. UCP1 in brown adipo-
cytes produces heat for thermoregulation'®, thereby increasing the body’s energy expenditure.

Cissus Quadrangularis (CQ) is a medicinal herb commonly used in India, Africa’®, and Thailand'®!” for a
century. The bioactive component of CQ is composed of hexadecanoic acid, n-hexadecanoic acid, bis (2-methyl-
propyl) ester, 1, 2-benzenedicarboxylic acid, phytol, ethylester, caffeine, and dibutyl phthalate!®?. CQ is normally
used for healing of broken bones and injured ligaments and tendons, analgesic, antioxidant'®, anti-inflamma-
tion?’, and relief of hemorrhoidal symptoms!®. Moreover, it has benefits in weight reduction and improvement
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Placebo CQ extract

baseline Week 4 Week 8 baseline Week 4 Week 8
Age (years) 36.27+2.39 32.40+1.96
Body weight (kg) 76.43£3.65 76.79+3.64 76.58+3.72 82.27+3.77 82.33+£3.75 82.37+£3.96
BMI (kg/m?) 29.38+0.94 29.53+£0.94 29.39+0.95 30.00+0.90 30.03+0.89 30.01+0.94
Total body fat percentage (%) 37.51+£1.92 37.75+£1.96 36.95+1.96 37.59+1.77 37.66+£1.53 37.71+£1.67
Total body fat mass (kg) 28.94+2.40 29.07+£2.37 28.57+2.38 31.44+1.77 31.06+£1.91 31.15+£2.07
SBP (mmHg) 120.93+£3.94 | 124.20+5.23 | 124.00+£5.54 | 124.13£2.67 | 121.73+2.50 | 121.73+2.34
DBP (mmHg) 81.87+3.09 84.00+3.12 81.73+£2.99 82.13+£3.22 83.20+3.01 84.20+1.75

Table 1. The effects of CQ extract on obesity and clinical parameters in obese subjects. Values are expressed as
mean = SEM. n=15/group.

of metabolic syndrome?!. The study in obese and overweight Cameroonians showed that supplementation of
300 mg/day CQ extract (CQR-300) with no dietary restriction for 8 weeks decreased body weight, waist circum-
ference, blood glucose levels, LDL cholesterol levels but not body fat percentage when compared to the baseline
values?. Treatment with combination of CQR-300 and Irvingia gabonensis extracts had greater reduction of
those parameters than treatment with the CQR-300 alone®’. Another study in Cameroonian subjects showed
that administration of 300 mg daily of a proprietary extract of CQR-300 for 6 weeks with a 2100 kcal/day diet
resulted in reduced total cholesterol and triglycerides in obese and overweight humans when compared to base-
line values®. However, studies in humans were performed in only 1 institution and the underlying mechanism of
CQ extract on mature adipocytes has not been elucidated. This study aimed to 1) study the effects of CQ extract
on obesity reduction and the improvement of metabolic parameters in obese human subjects, 2) investigate the
effect of CQ extract on human adipocyte lipolysis, and 3) investigate the effect of CQ extract on browning of
human white adipocytes.

Results
The effects of CQ extract on obesity and clinical parametersin obese subjects. The effects of CQ
extract on obesity and clinical parameters in obese subjects are shown in Table 1 and Fig. 1A, B. From the two-
way mixed-design analysis of variance (ANOVA), there were no effects of treatments or time points or interac-
tion between treatments and time points on body weight [(F=1.17, p=0.289), (F=0.50, p=0.610), and (F=0.29,
p=0.750), respectively]; BMI [(F=0.19, p=0.668), (F=0.67, p=0.515), and (F=0.32, p=0.727), respectively];
total body fat percentage [(F=0.01, p=0.920), (F=0.33, p=0.720), and (F=0.46, p=0.633), respectively]; total
body fat mass [(F=0.61, p=0.443), (F=0.31, p=0.733), and (F=0.28, p=0.756), respectively]; systolic blood
pressure (SBP) [(F=0.01, p=0.923), (F=0.04, p=0.962), and (F=1.96, p=0.150), respectively]; and diastolic
blood pressure (DBP) [(F=0.031, p=0.862), (F=0.51, p=0.603), and (F=0.55, p=0.583), respectively].
Remarkably, from the two-way mixed-design ANOVA, there was a significant effect of time points but no
effects of treatments or interaction between treatments and time points on waist circumference [(F=9.32,
p<0.001), (F=2.34, p=0.632), and (F=0.16, p=0.857), respectively]; and hip circumference [(F=119.55,
p<0.001), (F=1.21, p=0.281), and (F=0.36, p=0.697), respectively]. Mean (+ SEM) waist circumference of the
CQ-treated group was significantly decreased at week 4 (94.83 +2.82) and week 8 (94.03 +2.99) when compared
to the baseline value (96.77 £2.95) (p <0.05 all) (Fig. 1A). On the other hand, in the placebo-treated group,
mean (+ SEM) waist circumference was comparable among at baseline (94.83 +2.14), week 4 (93.50 +2.20),
and week 8 (92.07 +2.38) time points (Fig. 1A). The mean (+ SEM) hip circumference of the CQ-treated group
was significantly decreased at week 8 (107.73 +1.73) when compared with baseline (109.23 + 1.67) and week 4
(108.73 £1.69) values (p <0.05 all) (Fig. 1B). In placebo-supplemented subjects, mean (+ SEM) hip circumfer-
ence was not different among at baseline (105.71 + 1.90), week 4 (105.20 + 1.76), and week 8 (104.93 +1.88) time
points (Fig. 1B).

The effects of CQ extract on peripheral metabolic factors in obese subjects. The effects of
CQ extract on peripheral metabolic factors in obese subjects are shown in Table 2. From the two-way mixed-
design ANOVA, there was a significant effect of time points (F=5.81, p=0.023) but had no effects on treatments
(F=1.35, p=0.255) or interaction between treatments and time points (F=0.38, p=0.542) on fasting plasma
glucose levels. Mean (+ SEM) fasting plasma glucose levels were comparable between baseline and week 8 of
the CQ-treated group but the levels were significantly increased at week 8 when compared with baseline levels
(p<0.05) in the placebo-treated group (Table 2). There were no effects of treatments or time points or interac-
tion between treatments and time points on fasting plasma insulin [(F=0.00, p=0.984), (F=0.38, p=0.540) and
(F=1.74, p=0.198), respectively]; triglyceride [(F=1.78, p=0.193), (F=0.01, p=0.928), and (F=1.02, p=0.320),
respectively]; total cholesterol [(F=0.11, p=0.741); (F=0.66, p=0.425); and (F=0.72, p=0.403), respectively];
high-density lipoprotein (HDL) cholesterol [(F=2.57, p=0.120), (F=0.08, p=0.777), and (F=0.86, p=0.362),
respectively]; low-density lipoprotein (LDL) cholesterol [(F=0.12, p=0.727), (F=0.54, p=0.468), and (F=0.21,
p=0.653), respectively]; the homeostatic model assessment of insulin resistance (HOMA-IR) [(F=0.04,
p=0.838), (F=0.09, p=0.771), and (F=2.05, p=0.163), respectively]; and the quantitative insulin sensitivity
check index (QUICKI) [(F=0.32, p=0.576), (F=0.07, p=0.801), and (F=0.84, p=0.368), respectively].
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Figure 1. Mean (+ SEM) waist circumference (panel A), hip circumference (panel B), serum leptin levels (panel
C), and serum adiponectin levels (panel D) before and after supplement with placebo or CQ extract in obese
human subjects. *p <0.05, n=15/group.

Baseline Week 8

Placebo CQ extract Placebo CQ extract
Plasma glucose (mg/dL) 94.53+£2.48 92.13+1.70* 98.13+£2.43 94.27 £1.55
Plasma insulin (uU/mL) 17.38+4.42 20.10+4.31 18.87+3.58 15.95+1.72
HOMA-IR 4.07+£1.03 4.47+0.88 4.57+0.87 3.72+0.39
QUICKI 0.33+0.01 0.32+0.07 0.32+0.01 0.32+0.01
Plasma triglyceride (mg/dL) 142.73£22.51 | 113.20+£13.35 | 153.20+32.39 | 104.47+12.92

Plasma total cholesterol (mg/dL) 190.20+£7.96 189.60+£6.77 195.67 +£8.40 189.47 £7.06
Plasma HDL cholesterol (mg/dL) 44.67+2.81 51.20+3.91 43.53+3.08 51.80+3.43
Plasma LDL cholesterol (mg/dL) 117.31£6.63 115.76 £6.60 121.48+7.87 116.75+£5.83

Total Bilirubin (mg/dL) 0.47£0.04 0.45+0.05 0.45+0.05 0.45+0.05
Direct Bilirubin (mg/dL) 0.16+0.01 0.15+0.02 0.15+0.01 0.15+0.02
AST (U/L) 19.13£1.78 16.80+1.40 20.73+1.61 21.00+2.87
ALT (U/L) 19.93+£2.46 19.00 +3.66 21.67+3.40 22.93+4.65
BUN (mg/dL) 10.55+0.72 11.85+£0.92 11.11£0.83 11.19£0.59
Creatinine (mg/dL) 0.76 +£0.05 0.80+0.04 0.81+0.05 0.82+0.05
eGFR (ml/min) 100.19+7.19 106.68 +£3.71 103.44+3.84 104.54+£4.45

Table 2. The effects of CQ extract on peripheral metabolic factors as well as liver and kidney functions in
obese subjects. Values are expressed as mean + SEM. n=15/group, *p < 0.05 compared with placebo. HOMA-IR
the homeostatic model assessment of insulin resistance, QUICKI the quantitative insulin sensitivity check
index, HDL high-density lipoprotein, LDL low-density lipoprotein, AST aspartate aminotransferase, ALT
alanine aminotransferase, BUN blood urea nitrogen, eGFR estimated glomerular filtration rate.
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Figure 2. Mean (+ SEM) glycerol release determined by glycerol concentrations normalized to total lipid
after supplements with difference doses of CQ extract for 24 h, **p <0.01 compared with vehicle treatment,
9 <0.001 compared with isoproterenol treatment.

The effects of CQ extract on serum leptin and adiponectin levels. The effects of CQ extract on
serum leptin and adiponectin levels are shown in Fig. 1C&D, respectively. From the two-way mixed-design
ANOVA, there was a significant effect of time points (F=8.69, p=0.007) but no effects on treatments (F=1.51,
p=0.230) or interaction between treatments and time points (F=0.94, p=0.341) on serum leptin levels. CQ
extract significantly increased leptin levels at week 8 of the supplement when compared to baseline levels
(p<0.05) (Fig. 1C). In the placebo-supplemented group, serum leptin levels were not different between week
8 and baseline levels (Fig. 1C). There were no effects of treatments (F=0.29, p=0.593) or time points (F=0.47,
p=0.500) or interaction between treatments and time points on serum adiponectin levels (F=0.67, p=0.419).

The effects of CQ extract on blood chemistry of kidney and liver functions in obese sub-
jects. The effects of CQ extract on blood chemistry of kidney functions including blood urea nitrogen
(BUN), creatinine, and estimated glomerular filtration rate (eGFR) and liver functions including total bilirubin,
direct bilirubin, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in obese subjects are
shown in Table 2. There were no effects of treatments or time points or interaction between treatments and
time points on BUN [(F=0.49, p=0.490), (F=0.01, p=0.929), and (F=1.59, p=0.218), respectively]; creati-
nine [(F=0.15, p=0.702), (F=1.87, p=0.182), and (F=0.64, p=0.430), respectively]; eGFR [(F=0.01, p=0.930),
(F=2.43, p=0.130), and (F=0.13, p=0.723), respectively]; total bilirubin [(F=0.03, p=0.857), (F=0.30, 0.587),
and (F=0.07, p=0.794), respectively]; direct bilirubin [(F=0.02, p=0.900), (F=0.58, p=0.453), and (F=0.03,
p=0.875), respectively]; AST [(F=0.19, p=0.664); (F=3.44, p=0.074); and (F=0.69, p=0.413), respectively];
and ALT [(F=0.01, p=0.931); (F=3.52, p=0.071), and (F=0.08, p=0.786), respectively].

The effect of CQ extract on human adipocyte lipolysis. The effect of CQ extract on human adipo-
cyte lipolysis is shown in Fig. 2. The glycerol release of the isoproterenol-treated group was significantly higher
(p<0.001) than the vehicle-treated group and the 0.1, 1, 10, 100, 1000, and 10,000 ng/ml CQ extract-treated
groups (Fig. 2). On the other hand, glycerol release of the 0.1, 1, 10, 100, 1000, and 10,000 ng/ml CQ extract-
treated groups was significantly lower than that of the vehicle- and isoproterenol-treated groups (p<0.01 all,
Fig. 2).

The effect of CQ extract on browning of human white adipocytes. The effect of CQ extract on
browning of human white adipocytes is shown in Fig. 3. UCP1 mRNA was significantly higher in the pioglita-
zone (p<0.01) and pioglitazone combined with 10, 100, and 1000 ng/ml CQ extract-treated groups (p<0.001
all) when compared with the vehicle- or 10 uM isoproterenol- or 100 ng/ml CQ extract- or 1000 ng/ml CQ
extract-treated groups (p <0.01 all) after treatments for 7 days (Fig. 3). UCP1 mRNA of the isoproterenol-, iso-
proterenol combined with pioglitazone-, and 10 ng/ml CQ extract-treated groups was comparable with that of
the vehicle-treated group (Fig. 3). Interestingly, the 10, 100, and 1000 ng/ml CQ treatments on human white
adipocytes significantly enhanced UCP1 mRNA expression when compared to the pioglitazone treatment alone
(p<0.001 all, Fig. 3). Moreover, the 1000 ng/ml CQ extract combined with pioglitazone treatment significantly
increased UCP1 mRNA when compared to the 10 and 100 ng/ml CQ extract combined with pioglitazone treat-
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Figure 3. Mean (+ SEM) UCP1 mRNA expression normalized to GAPDH (reference gene) in different
conditions of treatment for 7 days. **p <0.01, ***p <0.001 compared with vehicle treatment, *p <0.05, ¥p <0.01,
#%5<0.001 compared with pioglitazone treatment, ®p <0.05, ®°p <0.001 compared with pioglitazone plus 10 ng/
ml CQ extract treatment, ¥¥¥p <0.001 compared with pioglitazone plus 100 ng/ml CQ extract treatment.

ment (p<0.001, Fig. 3). Also, the 100 ng/ml CQ extract combined with pioglitazone treatment increased UCP1
mRNA when compared to the 10 ng/ml CQ extract combined with the pioglitazone treatment (p <0.05, Fig. 3).

Discussion

We found that 300 mg of CQ supplement twice a day (600 mg per day) in obese subjects did not reduce body
fat mass or fat percentage which was in accordance with a previous study?’. Moreover, we found that CQ sup-
plement had no effect on the reduction of body weight or BMI. Our results were inconsistent with the previous
study showing that treatment of 150 mg CQ extract twice a day (CQR-300) in overweight and obese subjects
(BMI > 26 kg/m?) significantly decreased body weight after 4 and 8 weeks of treatment®. Although the previous
study found a reduction in body weight, body fat percentage was comparable among at baseline, week 4, and
week 8 of the treatment®?. We postulate that the reduction in body weight of the subjects in the previous study*
might not be from the reduction in fat mass but might probably be from other components including fat-free
mass (skeletal muscle, heart, and other organs), bone minerals, and body water. Furthermore, the different
findings might be from different sample sizes, doses of CQ extract, and phases of the menstrual cycle of female
subjects. The previous study had 24 subjects per group® while our study had 15 subjects per group. The dose
of CQ extract of our study was 600 mg per day while that of the previous study was 300 mg per day®>. In our
study, the experiments in female subjects were performed at the early proliferative phase (Dayl-Day3) while
the previous study?* did not mention the phases of menstrual cycle which might lead to confounding effects of
sex steroids on body weight and body fat from different phases of menstrual cycle?*.

Interestingly, we found that the waist circumference of subjects treated with CQ was significantly decreased
at week 4 around 1.94 cm (94.83 +£2.82 cm) and week 8 around 2.74 cm (94.03 £2.99 cm) after treatment when
compared to the baseline values (96.77 £2.95 cm). Our result was in accordance with a previous study showing
that CQ extract treatment for 8 weeks significantly decreased waist circumference when compared with the
initial values?. The effect of CQ on waist circumference reduction might be beneficial for decreases in visceral
obesity, risk of metabolic syndrome, and obesity-related morbidity due to accumulation of abdominal fat?.
Moreover, the hip circumference of the CQ-treated group was significantly decreased at week 4 around 0.5 cm
(108.73 £1.69 cm) and at week 8 around 1.5 cm (107.73 +1.73 cm) when compared with the baseline values
(109.23 +1.67 cm). These results suggest that CQ treatment had little effect on total body fat but rather had more
impact on central fat reduction.

Our study found that CQ extract did not reduce SBP, DBP, plasma glucose and insulin, HOMA-IR, QUICK]I,
total cholesterol, triglyceride, LDL cholesterol, HDL cholesterol, and adiponectin levels. These results indicated
that CQ extract at dose 300 mg twice a day might not have the effects on metabolic parameters in obese subjects.
Although CQ extract was found to decrease waist circumference, the degree of reduction might be too small
to impact these parameters. Our results were inconsistent with a previous study showing that total cholesterol,
plasma LDL, and blood glucose were reduced after 8 weeks of treatment with daily 300 mg CQ extract in over-
weight and obese subjects®?. The different findings might be from the reasons mentioned earlier in paragraph 1.
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This study showed that the supplement of 600 mg/day of CQ extract for 8 weeks did not show any adverse
effects on liver and kidney functions. The liver chemistry parameters and kidney chemistry parameters were
fallen in the normal ranges. These data suggest the safety of CQ usage on liver and kidney functions at the dose
of 300 mg twice a day for 8 weeks. CQ-supplemented subjects reported some adverse effects including nausea
(n=1), dizziness (n=1), headache (n=1), stomach gas (n=1), mouth ulcer (n=1), dry mouth (n=3), constipa-
tion (n=3), diarrhea (n=1), and warm sensation (n=4) while placebo-supplemented subjects reported that
they had nausea (n=1), dizziness (n=1), warm sensation (n=1), constipation (n=1), and dry mouth (n=2).

Surprisingly, even the subject’s body weight, BMI, and body fat mass and percentage were comparable between
before and after CQ treatment, serum leptin levels of CQ-treated subjects were significantly higher at week 8 by
1.29 times when compared with their baseline values. This result suggests that CQ increased leptin levels without
changes in adiposity. The underlying mechanism is not known.

We further investigated the effect of CQ extract on lipolysis of human adipocytes. To the best of our knowl-
edge, this is the first study that determined the lipolytic effect of CQ extract. Our results showed that 10 uM iso-
proterenol (the non-specific f-adrenergic receptor agonist) which was the positive control, significantly increased
glycerol release (the index of lipolysis)*” into the medium when compared to vehicle suggestive of its lipolytic
effect. On the other hand, 0.1, 1, 10, 100, 1000, 10,000 ng/ml CQ extract treatments decreased glycerol release
in the medium from human adipocytes suggesting that all doses of CQ extract decreased lipolysis. A previous
study found that long term leptin treatment inhibited lipolysis by reducing hormone-sensitive lipase (HSL)
expression?. Taken together, we hypothesized that CQ-decreased lipolysis might probably be via the action
of leptin. The other possible mechanisms of lipolysis reduction of CQ might be via insulin, alpha 2 adrenergic
receptor, and adenosine together with their signaling cascades. The underlying mechanism of CQ extract on
lipolysis reduction should be further investigated.

Furthermore, we explored the novel mechanism of CQ on adiposity reduction through the browning of
human white adipocytes. Our results showed that pioglitazone alone and pioglitazone plus 10 ng/ml, 100 ng/
ml, and 1000 ng/ml CQ extract treatments significantly increased UCPI mRNA when compared with the vehicle
treatment. However, isoproterenol or CQ extract treatment alone did not increase UCPI mRNA expression com-
pared to vehicle. These results indicate that peroxisome proliferator-activated receptor-y (PPAR-y) is essential for
the enhancement of UCPI mRNA. UCP1 is the marker of brown adipocytes'>!® and its upregulation indicates
the thermogenic characteristic of brown adipocytes'®. It is known that PPARs play a pivotal role in the regula-
tion of transcriptional thermogenic genes**°. Both PPAR-y and PPAR-a agonists upregulated the expression
of brown adipocyte specific genes including UCPI and peroxisome proliferator-activated receptor y co-activator
1-a (PGCI-a)*.

Remarkably, 10, 100, and 1000 ng/ml CQ extract combined with pioglitazone enhanced UCPI expression
by 1.28, 1.55, and 2.34 times, respectively, when compared to pioglitazone alone. These results suggest that CQ
extract might augment the browning effect on human white adipocytes dose-dependently. Interestingly, a recent
study showed that leptin directly promoted browning of white adipocytes via Janus kinase 2/signal transducer
and activator of transcription 3 signaling pathway®'. Moreover, a recent study in C57BL/6 mice showed that
leptin decreased signaling cascades of the Hedgehog (Hh) signaling pathway®%. Hh pathway, being recently
understood in the last few years, has been shown to regulate proliferation, differentiation, stem cell population,
tissue polarity, and, carcinogenesis®’. The activation of the Hh pathway by enhancement of its transcription
factors, glioma-associated oncogene (Gli) 1/2/3, was found to inhibit browning of white adipocytes®. Leptin was
found to inhibit the Hh pathway by decreasing Gli 1/2/3 resulting in increased white adipocyte browning and
upregulated thermogenic genes including UCP1, PGCl1-«, and PR-domain containing 16*2. As we found higher
leptin levels in subjects treated with CQ for 8 weeks compared to their baseline levels, we hypothesized that CQ
could induce browning of white adipocytes via the action of leptin.

CQ extract could probably be used as a novel agent for obesity treatment via enhancement of browning of
white adipocytes leading to increased thermogenesis and thus increased energy expenditure. Although PPAR-y
agonist could increase UCPI mRNA and induce white adipocyte browning'!, it causes weight gain and visceral
obesity*** by its actions through adipocyte differentiation®, increased lipid accumulation in mature adipocytes,
and inhibition of lipolysis®. Thus, the enhancement of UCPI mRNA by CQ might augment white adipocyte
browning leading to increased thermogenesis and energy expenditure with less adipogenic properties.

Although many studies in mice revealed that browning of adipose tissue was associated with increased ther-
mogenesis and energy expenditure leading to weight loss*’~*°, the browning effect of adipose tissue associated
with increased energy expenditure and weight loss in humans is still under debate. After mild cold exposure,
human subjects with high brown adipose tissue mass increased daily energy expenditure by 14.7% while subjects
with low brown adipose tissue mass slightly increased their energy expenditure by 0.4%*. Another study in
humans showed that brown adipose tissue mass had a positive correlation with whole-body energy expenditure*!.
However, this study revealed that the brown adipose tissue-specific energy expenditure was not associated with
the whole-body energy expenditure and contributed to only almost 1% of total body expenditure rising*' sug-
gesting that brown adipose tissue is a minor candidate in cold-induced thermogenesis. Thus, the use of activated
brown adipose tissue as a potential strategy to induce weight loss is still inconclusive.

In the human study, CQ extract could not reduce body weight, BMI, body fat mass or body fat percentage.
This might be because CQ has both adiposity and anti-adiposity effects via inhibition of lipolysis and induc-
tion of white adipocyte browning, respectively. As CQ was shown to decrease waist circumference, one of the
metabolic risk factors, it might be considered as a natural agent to improve metabolic syndrome. In addition to
the mechanisms discussed above, CQ was shown to decrease adipogenesis** via decreased lipid accumulation
and reduced adipogenesis/lipogenesis-related mRNA expression levels of lipoprotein lipase, fatty acid- binding
protein, fatty acid synthase, stearoyl-CoA desaturase-1, and acetyl-CoA carboxylase**.
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Our study had limitations as the followings: 1) in the human experiment, energy consumption and energy
expenditure were not controlled because we aimed to investigate the supplement effects of the substance; 2) the
dose and duration of CQ treatment in humans might not be optimal; and 3) the browning of adipocytes has not
been confirmed by the histological study.

In conclusion, CQ extract was shown to decrease waist circumference and hip circumference in obese human
subjects. We revealed novel findings that CQ treatment increased leptin levels in humans, decreased glycerol
release suggestive of its antilipolytic effect, and enhanced UCPI mRNA suggestive of increased browning of white
adipocytes. However, the effect of CQ extract on adipose tissue remains to be explained. Additional studies are
required to disclose the mechanisms involved in CQ induced browning of white adipocytes. The use of CQ on
obesity treatment would be a future challenge to augment its effects on adiposity reduction rather than obesity
enhancement. Dose, duration, and forms of the application need to be further investigated to get the maximal
effect on obesity treatment.

Methods

The study in obese human subjects. Subjects. The study protocol was approved by the Siriraj Insti-
tutional Review Board of the Faculty of Medicine Siriraj Hospital, Mahidol University (Si 563/2015) in full
compliance with international guidelines for human research protection such as the Declaration of Helsinki,
the Belmont Report, CIOMS Guidelines and the International Conference on Harmonization in Good Clinical
Practice (ICH-GCP). The research project was approved for registration at Thai Clinical Trials Registry (TCTR)
since 2020-04-21 20:31:49 and the TCTR identification number is TCTR20200422001. Informed consents
were obtained from all subjects prior to the study. Obesity is classified as body mass index (BMI) =25 kg/m?
for Asian-Pacific populations**** and BMI > 30 kg/m? for Caucasian populations®. Thirty Thai obese subjects,
BMI >25 kg/m? and age > 18 years, were recruited and randomly divided into 2 groups (n=15/group) includ-
ing the CQ extract-treated group and the placebo (starch capsule)-treated group. Each subject was randomly
assigned to one of the groups by drawing a card placed in a bottle (a total of 15 cards/group). The enrollment
of participants and drawing card generation were performed by the researchers. Subjects who were pregnant,
lactating, and menopause; had metabolic diseases (e.g. diabetes mellitus, hyper- or hypo-thyroidism, Cushing
syndrome), history of tea or caffeine hypersensitivity, and a medical condition that causes weight gain known
as secondary obesity (e.g. endocrine disorders, hypothalamic disorders, and some congenital conditions); used
any forms of weight-reducing medications or any kinds of medications; and performed regular exercise (at least
30 min/session, 3 times per week*) were excluded. The allocation of subjects as well as the inclusion and exclu-
sion criteria are shown in Fig. 4.

The study protocol. This study was a double-blind, placebo-controlled clinical trial. Subjects in the CQ
extract-treated group and placebo-treated group received a capsule of 300 mg CQ extract or a starch capsule,
respectively, twice a day after breakfast and dinner for 8 weeks with no dietary restriction. All supplement cap-
sules were identical in appearance and shape with neither subjects nor researchers knowing which supplement
received by the participants. All subjects attended laboratory visits at the Department of Physiology, Faculty of
Medicine Siriraj Hospital, Mahidol University for 3 time points which were at baseline or week 0, week 4, and
week 8 for anthropometric data and clinical assessment. Blood samples were collected after 8 h of fasting at week
0 and week 8. The study protocol is shown in Fig. 4. Female subjects participated in each experiment on the early
proliferative phase of their menstrual cycle (Day 1-3) to control the confounding effects of sex steroids while
male subjects participated at any day. All subjects were instructed to maintain their normal diet and physical
activity patterns during the entire study. Moreover, a designed calendar was given to all subjects to mark off
when they took each supplement capsule as well as record their diet 3 days prior to the next visit and the side
effects of the intervention. At the end of week 4 and week 8, all subjects had to bring both the medication and
calendar for drug compliance checking. There were no withdrawn subjects during the research experiment.

Demographic and anthropometric data and blood pressure measurement. Data of age, body
weight, height, BMI, waist circumference, hip circumference, total body fat percentage, and total body fat mass
were collected. Total body fat percentage and total body fat mass were assessed by TANITA, the digital scale
for body composition measurement using the bioelectrical impedance method*. All subjects were instructed
to wear light clothing and stand on the TANITA machine with bare feet by using the 0.3 kg adjustment for the
clothing weight. Waist circumference was determined at the umbilicus level in the standing position when sub-
jects performed silent breathing*®. Hip circumference was determined at the widest part of the buttocks*. SBP
and DBP were recorded by using a sphygmomanometer after 30-min bed rest in the supine position.

Hormonal assay. The measurements of blood glucose, insulin, total cholesterol, HDL cholesterol, LDL
cholesterol, triglyceride, BUN, creatinine, total bilirubin, direct bilirubin, ALT, and AST were performed by
the central laboratory at the Department of Clinical Pathology, Faculty of Medicine Siriraj Hospital, Mahidol
University, Thailand. Fasting blood glucose was analyzed by the enzymatic hexokinase method and fasting blood
insulin was analyzed by the sandwich immunoassay using electro-chemiluminescence immunoassay (ECLIA).
Total, HDL, and LDL cholesterols, triglyceride, and total and direct bilirubin were analyzed by the enzymatic
colorimetric method. BUN was analyzed by the urease/glutamate dehydrogenase coupled enzymatic technique.
Creatinine was analyzed by the modification of the UV enzymatic method by Oliver and Rosalk. ALT and AST
were analyzed by the enzymatic reaction method. Fasting plasma glucose and insulin levels were applied to
determine levels of insulin resistance by the HOMA-IR method and insulin sensitivity by the QUICKI method*.
The HOMA-IR is calculated by the following formula: HOMA-IR = (fasting glucose (mg/dl) x fasting insulin
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Recruited obese subjects

(n=30)

Exclusion criteria
Subjects who

Inclusion criteria
* BMI>25 kg/m?

* age> 18 years

* were pregnant, lactating, and menopause

* had metabolic diseases

* had history of tea or caffeine hypersensitivity

* had a medical condition that causes weight
gain known as secondary obesity

* used any forms of weight-reducing
medications or any kinds of medications
 performed regular exercise

Random allocation
by drawing a card placed in a bottle

Placebo-treated group CQ extract-treated group

(n=15) (n=15)
Laboratory visits

Baseline

» anthropometric data and clinical parameter measurement

* blood sample collection after 8 h of fasting

* supplement with a starch capsule or a capsule of 300 mg CQ extract

twice a day after breakfast and dinner with no dietary restriction

|

Week 4
 anthropometric data and clinical parameter measurement
* supplement with a starch capsule or a capsule of 300 mg CQ extract

twice a day after breakfast and dinner with no dietary restriction

l

Week 8
* anthropometric data and clinical parameter measurement

* blood sample collection after 8 h of fasting

Figure 4. The study protocol of the human experiment.

(1U/ml))/405. The QUICKI is calculated from the following formula: QUICKI = 1/((log(fasting insulin (uU/
mL)) +log(fasting glucose (mg/dL)).

Analysis of serum leptin and adiponectin levels. Serum leptin and adiponectin levels were analyzed
by the commercial enzyme-linked immunosorbent assay (ELISA) (Phoenix Pharmaceuticals Inc., California,
USA) kits according to the manufacturer’s guidelines. The ranges of detection were 0.313-20 ng/ml for leptin
and 0.15-10 ng/ml for adiponectin. The minimum detectable concentrations were 0.313 ng/ml for leptin and
0.15 ng/ml for adiponectin. Serum samples were diluted with the assay buffer with 1:5 dilution for leptin and
1:5000 dilution for adiponectin. The intra-assay and inter-assay variations were 6.66% and 6.74%, respectively
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Figure 5. Adipocyte differentiation. (A) shows Oil Red O staining of human pre-adipocytes/adipocytes on
day 1, day 7, and day 15. Red represents staining of lipid. (B) shows mean (+ SEM) PPAR-y mRNA expression
normalized to GAPDH (a reference gene) in pre-adipocytes/adipocytes on day 1, day 7, and day 15, ***p <0.001.

for leptin, and 2.33% and 3.55%, respectively for adiponectin. The absorbance of optical density (O.D.) was read
at 450 nm by the Synergy HT Multi-Detection Microplate Reader (BioTek Instruments, Inc., Vermont, USA).

The study in human adipocyte culture. The study protocols of lipolysis and browning of human adi-
pocytes were exempted by the Siriraj Institutional Review Board of the Faculty of Medicine Siriraj Hospital,
Mabhidol University (the protocol number 492/2559 (Exemption) and 451/2560 (Exemption), respectively).
Human pre-adipocytes (Cell Applications, California, USA) were cultured with pre-adipocyte growth medium
(Cell Applications, California, USA) supplemented with 1% penicillin/streptomycin (Corning, New York, USA)
at 37 °C in the 5% CO, humidified incubator. The medium was changed every other day until the human pre-
adipocytes reached 100% confluent. Then, the cells were cultured with adipocyte differentiation medium (Cell
Applications, California, USA) supplemented with 1% penicillin/streptomycin which was changed every 3 days
for 15 days to induce differentiation. At the end of 15 days, the cells were differentiated into mature human
adipocytes appearing with lipid droplets in the cells. Pre-adipocyte differentiation was confirmed by detecting
lipid filling in adipocytes by Oil Red O staining shown in Fig. 5A and measuring mRNA expression of PPAR-y,
the adipocyte differentiation marker®', by real-time Polymerase Chain Reaction (PCR) shown in Fig. 5B, before
starting experiments. The results showed that lipid droplets could not be detected in human pre-adipocytes on
day 1; very small lipid droplets were detected in human pre-adipocytes on day 7; and many lipid droplets were
detected in mature human adipocytes on day 15 suggestive of adipocyte maturation (Fig. 5A). Moreover, PPAR-y
mRNA was significantly higher on day 15 when compared with day 7 and day 1 (Fig. 5B).

The lipolysis experiment.  Fifty-five thousand human pre-adipocytes were cultured and induced differen-
tiation on the round cover glass placed in 12 well plates. Mature human adipocytes were starved in the serum-
free medium without phenol red (Corning, New York, USA) for 2 h before starting the experiment. Then, the
cells were treated with 0.01% dimethyl sulfoxide (DMSO) as vehicle, 10 uM isoproterenol as the positive control,
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and 0.1, 1, 10, 100, 1000, and 10,000 ng/ml CQ extract for 24 h. Each condition of the experiment was done in
triplicate. Glycerol release in the medium was measured by the Lipolysis Colorimetric Assay Kit (Sigma-Aldrich,
Missouri, USA). The range of glycerol detection was 0-10 nmole/pl. Reading absorbance of O.D. at 570 nm
was performed by the Synergy HT Multi-Detection Microplate Reader (BioTek Instruments, Inc., Vermont,
USA). The lipid content in adipocytes was measured by determining the fat area assay of Oil Red O staining of
adipocytes per image. A previous study revealed that the fat area assay measured by the total area of fat droplets
determined with Oil Red O staining per image (the actual fat levels determined with Oil Red O) was the accu-
rate and quick method and had a very strong positive correlation (R=0.8787, p<0.0001) with fat accumulation
in differentiated adipocytes™*. After Oil Red O staining, the round cover glass was removed out of the culture
plates, placed on glass slides, scanned for the whole slide by the ScanScope XT machine using 20X magnification.
Then, the scanned images were measured for the total fat area by using the AxioVisionVR software Release 4.8.2
(Carl Zeiss AG, Oberkochen, Germany). Then, the glycerol release was analyzed by the glycerol concentrations
in samples normalized by the total fat area so the data are presented as glycerol concentrations/total lipid.

Browning of human white adipocytes. One-hundred thousand human pre-adipocytes were cultured
and induced differentiation in 6 well plates. Mature human adipocytes were treated with 0.01% DMSO as vehi-
cle, 10 uM isoproterenol, 3 uM pioglitazone, 10 pM isoproterenol plus 3 uM pioglitazone, 10 ng/ml CQ extract,
100 ng/ml CQ extract, 1000 ng/ml CQ extract, 3 uM pioglitazone plus 10 ng/ml CQ extract, 3 uM pioglitazone
plus 100 ng/ml CQ extract, and 3 uM pioglitazone plus 1000 ng/ml CQ extract mixed with the serum-free
medium for 7 days. The medium was changed every 3 days. Each condition of the experiment was done in trip-
licate. The cells were harvested to isolate RNA and kept at -70°C until analysis.

Real-time PCR analysis. PPARy, UCPI, and GAPDH mRNA expressions were quantified by real-time
PCR. Briefly, total RNA was extracted by the TRIzol reagent (Invitrogen, California, USA) following the manu-
facturer’s instruction. Complementary DNA (cDNA) was synthesized by reverse transcription of 1 mg of total
RNA by the iScript cDNA Synthesis Kit (Bio-Rad, California, USA). Real-time PCR was carried out using the
reagents and protocol contained in the biotechrabbit QPCR Green Master Mix LROX, 2x (Biotechrabbit, Berlin,
Germany). GAPDH was used as the reference gene because its expression was not changed under various experi-
mental studies in human adipocytes®. The sequences of the primers were designed by the authors and blasted
to check primer specificity by using nucleotide sequences published in PubMed database. All primer sequences
were published in our previous study™ as follows:

PPARy> Forward-5' AAAGTGCAATCAAAGTGGAGCC 3.

Reverse-5' CAAACCTGATGGCATTATGAGAC 3'.

UCP1> Forward-5' GCTCCAGGTCCAAGGTGAATG 3'.

Reverse-5" CAATGAATACTGCCACTCCTCCA 3'.

GAPDH?* Forward -5' GCCAGCCGAGCCACATC 3.

Reverse -5' GCTCCTGGAAGATGGTGATGG 3.

The PCR amplification was performed by the CFX96 Real-Time PCR Detection System (Bio-Rad, California,
USA) under the following conditions: UDG treatment at 50 °C for 2 min, Taq DNA polymerase activation at
95 °C for 3 min, 40 cycles of DNA denaturing at 95 °C for 15 s, annealing at 57 °C for 30 s for UCPI and GAPDH
and 54 °C for 30 s for PPAR-y, and extension at 65 °C for 30 s. Each reaction was done in duplicate. A negative
control was performed by no template control. A comparative procedure of quantification was calculated by the
27T method.

Statistical analysis. Test of normality was performed by the Kolmogorov-Smirnov test. Data were pre-
sented as mean + SEM. The two-way mixed-design ANOVA which is the ANOVA with one repeated-measures
factor and one between-groups factor was used to investigate the effect of treatment over time. Comparisons
of 2 dependent groups were done by Paired Student’s t-test. Comparisons more than 2 dependent groups were
performed by repeated-measured ANOVA after checking for homogeneity of variance followed by the Fishers
Least Significant Difference (LSD) analysis. Comparisons of more than 2 independent groups were performed
by one-way ANOVA after checking for homogeneity of variance followed by the LSD analysis. A statistical sig-
nificance was considered at p-value <0.05.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Received: 7 April 2020; Accepted: 8 January 2021
Published online: 21 January 2021

References

1. JQ, P. Definitions, classification, and epidemiology of obesity. Endotext [Internet] (2018).

2. 8. Obesity management for the treatment of type 2 diabetes: standards of medical care in diabetes-2019. Diabetes Care 42, S81-S89.
https://doi.org/10.2337/dc19-S008 (2019).

3. Seravalle, G. & Grassi, G. Obesity and hypertension. Pharmacol. Res. 122, 1-7. https://doi.org/10.1016/j.phrs.2017.05.013 (2017).

4. Vecchie, A. et al. Obesity phenotypes and their paradoxical association with cardiovascular diseases. Eur. J. Intern. Med. 48, 6-17.
https://doi.org/10.1016/j.€jim.2017.10.020 (2018).

5. Afshin, A. et al. Health effects of overweight and obesity in 195 countries over 25 years. N. Engl. ]. Med. 377, 13-27. https://doi.
org/10.1056/NEJMoal614362 (2017).

Scientific Reports |

(2021) 11:2008 | https://doi.org/10.1038/s41598-021-81606-9 nature research


https://doi.org/10.2337/dc19-S008
https://doi.org/10.1016/j.phrs.2017.05.013
https://doi.org/10.1016/j.ejim.2017.10.020
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1056/NEJMoa1614362

www.nature.com/scientificreports/

6. Hausman, D. B., DiGirolamo, M., Bartness, T. J., Hausman, G. J. & Martin, R. J. The biology of white adipocyte proliferation. Obes.
Rev. 2, 239-254 (2001).

7. Yang, R. Y. et al. Ablation of a galectin preferentially expressed in adipocytes increases lipolysis, reduces adiposity, and improves
insulin sensitivity in mice. Proc. Natl. Acad. Sci. U. S. A. 108, 18696-18701 (2011).

8. Sergeev, I. N. & Song, Q. High vitamin D and calcium intakes reduce diet-induced obesity in mice by increasing adipose tissue
apoptosis. Mol. Nutr. Food Res. 58, 13421348 (2014).

9. Scheja, L. & Heeren, ]. Metabolic interplay between white, beige, brown adipocytes and the liver. J. Hepatol. 64, 1176-1186 (2016).

10. Zechner, R, Strauss, J. G., Haemmerle, G., Lass, A. & Zimmermann, R. Lipolysis: pathway under construction. Curr. Opin. Lipidol.
16, 333-340 (2005).

11. Petrovic, N. et al. Chronic peroxisome proliferator-activated receptor gamma (PPARgamma) activation of epididymally derived
white adipocyte cultures reveals a population of thermogenically competent, UCP1-containing adipocytes molecularly distinct
from classic brown adipocytes. J. Biol. Chem. 285, 7153-7164 (2010).

12. Ghorbani, M. & Himms-Hagen, J. Appearance of brown adipocytes in white adipose tissue during CL 316,243-induced reversal
of obesity and diabetes in Zucker fa/fa rats. Int. J. Obes. Relat. Metab. Disord. 21, 465-475 (1997).

13. Himms-Hagen, J. et al. Multilocular fat cells in WAT of CL-316243-treated rats derive directly from white adipocytes. Am. J.
Physiol. Cell Physiol. 279, C670-C681 (2000).

14. Brondani, L. A. et al. The role of the uncoupling protein 1 (UCP1) on the development of obesity and type 2 diabetes mellitus. Arq.
Bras. Endocrinol. Metabol. 56, 215-225 (2012).

15. Stohs, S. J. & Ray, S. D. A review and evaluation of the efficacy and safety of Cissus quadrangularis extracts. Phytother. Res. 27,
1107-1114 (2013).

16. Panpimanmas, S., Sithipongsri, S., Sukdanon, C. & Manmee, C. Experimental comparative study of the efficacy and side effects
of Cissus quadrangularis L. (Vitaceae) to Daflon (Servier) and placebo in the treatment of acute hemorrhoids. J. Med. Assoc. Thai
93, 1360-1367 (2010).

17. Pathomwichaiwat, T. et al. Alkaline phosphatase activity-guided isolation of active compounds and new dammarane-type triter-
penes from Cissus quadrangularis hexane extract. J. Ethnopharmacol. 160, 52-60 (2015).

18. Eswaran, R, Aandhan, A, Doss, A. & SangeethaG, A. S. P. Analysis of chemical composition of cissus quadrangularis linn by
GC-MS. Asian J. Pharm. Clin. Res. 5, 139-140 (2012).

19. Kumar, T. S., Anandan, A. & Jegadeesan, M. Identification of chemical compounds in Cissus quadrangularis L. Variant-I of dif-
ferent sample using GC-MS analysis. Arch. Appl. Sci. Res. 4, 1782-1787 (2012).

20. Srisook, K., Palachot, M., Mongkol, N., Srisook, E. & Sarapusit, S. Anti-inflammatory effect of ethyl acetate extract from Cissus
quadrangularis Linn may be involved with induction of heme oxygenase-1 and suppression of NF-kappaB activation. J. Ethnop-
harmacol. 133, 1008-1014 (2011).

21. Ross, S. M. Metabolic syndrome: a proprietary extract of Cissus quadrangularis formulation in the management of metabolic
syndrome, weight loss, and central obesity. Holist. Nurs. Pract. 26, 228-230 (2012).

22. Oben, J. E., Ngondji, J. L., Momo, C. N., Agbor, G. A. & Sobgui, C. S. The use of a Cissus quadrangularis/Irvingia gabonensis
combination in the management of weight loss: a double-blind placebo-controlled study. Lipids Health Dis. 7, 7-12 (2008).

23. Oben, J. E., Enyegue, D. M., Fomekong, G. L, Soukontoua, Y. B. & Agbor, G. A. The effect of Cissus quadrangularis (CQR-300)
and a Cissus formulation (CORE) on obesity and obesity-induced oxidative stress. Lipids Health Dis. 6, 4 (2007).

24. Colleluori, G. et al. Fat mass follows a U-shaped distribution based on estradiol levels in postmenopausal women. Front. Endocrinol.
9, 200. https://doi.org/10.3389/fend0.2018.00315 (2018).

25. Leeners, B., Geary, N., Tobler, P. N. & Asarian, L. Ovarian hormones and obesity. Hum. Reprod. Update 23, 300-321. https://doi.
org/10.1093/humupd/dmwo045 (2017).

26. Huxley, R., Mendis, S., Zheleznyakov, E., Reddy, S. & Chan, J. Body mass index, waist circumference and waist:hip ratio as predic-
tors of cardiovascular risk-a review of the literature. Eur. J. Clin. Nutr. 64, 16-22 (2010).

27. Schweiger, M. et al. Measurement of lipolysis. Methods Enzymol. 538, 171-193 (2014).

28. Niang, F et al. Leptin induces nitric oxide-mediated inhibition of lipolysis and glyceroneogenesis in rat white adipose tissue. J.
Nutr. 141, 4-9. https://doi.org/10.3945/jn.110.125765 (2011).

29. Lasar, D. et al. Peroxisome proliferator activated receptor gamma controls mature brown adipocyte inducibility through glycerol
kinase. Cell Rep. 22, 760-773 (2018).

30. Zhang, G., Sun, Q. & Liu, C. Influencing factors of thermogenic adipose tissue activity. Front. Physiol. 7, 200. https://doi.org/10.3389/
fphys.2016.00029 (2016).

31. Gan, L. et al. Foxc2 coordinates inflammation and browning of white adipose by leptin-STAT3-PRDM16 signal in mice. Int. J.
Obes. (Lond) 42, 252-259. https://doi.org/10.1038/ij0.2017.208 (2018).

32. Wang, J. et al. Leptin promotes white adipocyte browning by inhibiting the Hh signaling pathway. Cells 8, 372 (2019).

33. Jia, Y., Wang, Y. & Xie, J. The Hedgehog pathway: role in cell differentiation, polarity and proliferation. Arch. Toxicol. 89, 179-191.
https://doi.org/10.1007/s00204-014-1433-1 (2015).

34. Wright, M. B,, Bortolini, M., Tadayyon, M. & Bopst, M. Minireview: challenges and opportunities in development of PPAR agonists.
Mol. Endocrinol. 28, 1756-1768 (2014).

35. Ma, X., Wang, D., Zhao, W. & Xu, L. Deciphering the roles of PPARY in adipocytes via dynamic change of transcription complex.
Front. Endocrinol. (Lausanne) 9, 473. https://doi.org/10.3389/fend0.2018.00473 (2018).

36. Rosen, E., Eguchi, J. & Xu, Z. Transcriptional targets in adipocyte biology. Expert Opin. Ther. Targets 13, 975-986. https://doi.
org/10.1517/14728220903039706 (2009).

37. Marinovic, M. P. et al. Crotamine induces browning of adipose tissue and increases energy expenditure in mice. Sci. Rep. 8, 5057.
https://doi.org/10.1038/s41598-018-22988-1 (2018).

38. Cunarro, J. et al. p107 deficiency increases energy expenditure by inducing brown-fat thermogenesis and browning of white adipose
tissue. Mol. Nutr. Food Res. 63, €1801096. https://doi.org/10.1002/mnfr.201801096 (2019).

39. Liu, B., Page, A. J., Hutchison, A. T., Wittert, G. A. & Heilbronn, L. K. Intermittent fasting increases energy expenditure and pro-
motes adipose tissue browning in mice. Nutrition 66, 38—-43. https://doi.org/10.1016/j.nut.2019.03.015 (2019).

40. Muzik, O. et al. 150 PET measurement of blood flow and oxygen consumption in cold-activated human brown fat. J. Nucl. Med.
54, 523-531. https://doi.org/10.2967/jnumed.112.111336 (2013).

41. Mueez, U. D. et al. Human brown adipose tissue [(15)0]O2 PET imaging in the presence and absence of cold stimulus. Eur. J.
Nucl. Med. Mol. Imaging 43, 1878-1886. https://doi.org/10.1007/s00259-016-3364-y (2016).

42. Lee, H. ], Le, B, Lee, D. R., Choi, B. K. & Yang, S. H. Cissus quadrangularis extract (CQR-300) inhibits lipid accumulation by
downregulating adipogenesis and lipogenesis in 3T3-L1 cells. Toxicol. Rep. 5, 608-614 (2018).

43. Pan, W. H. & Yeh, W. T. How to define obesity? Evidence-based multiple action points for public awareness, screening, and treat-
ment: an extension of Asian-Pacific recommendations. Asia Pac. J. Clin. Nutr. 17, 370-374 (2008).

44. Lim, J. U. et al. Comparison of World Health Organization and Asia-Pacific body mass index classifications in COPD patients. Int.
J. Chronic Obstruct. Pulmonary Dis. 12, 2465-2475. https://doi.org/10.2147/COPD.S141295 (2017).

45. Misra, A. Ethnic-specific criteria for classification of body mass index: a perspective for asian indians and american diabetes
association position statement. Diabetes Technol. Ther. 17, 667-671. https://doi.org/10.1089/dia.2015.0007 (2015).

Scientific Reports | (2021) 11:2008 | https://doi.org/10.1038/s41598-021-81606-9 nature research


https://doi.org/10.3389/fendo.2018.00315
https://doi.org/10.1093/humupd/dmw045
https://doi.org/10.1093/humupd/dmw045
https://doi.org/10.3945/jn.110.125765
https://doi.org/10.3389/fphys.2016.00029
https://doi.org/10.3389/fphys.2016.00029
https://doi.org/10.1038/ijo.2017.208
https://doi.org/10.1007/s00204-014-1433-1
https://doi.org/10.3389/fendo.2018.00473
https://doi.org/10.1517/14728220903039706
https://doi.org/10.1517/14728220903039706
https://doi.org/10.1038/s41598-018-22988-1
https://doi.org/10.1002/mnfr.201801096
https://doi.org/10.1016/j.nut.2019.03.015
https://doi.org/10.2967/jnumed.112.111336
https://doi.org/10.1007/s00259-016-3364-y
https://doi.org/10.2147/COPD.S141295
https://doi.org/10.1089/dia.2015.0007

www.nature.com/scientificreports/

46. Petrella, R. J., Lattanzio, C. N., Demeray, A., Varallo, V. & Blore, R. Can adoption of regular exercise later in life prevent metabolic
risk for cardiovascular disease?. Diabetes Care 28, 694-701 (2005).

47. Prins, M. et al. Use of bioelectrical impedance analysis to assess body composition in rural Gambian children. Eur. J. Clin. Nutr.
62, 1065-1074. https://doi.org/10.1038/sj.ejcn.1602830 (2008).

48. Brown, R. E. et al. Waist circumference at five common measurement sites in normal weight and overweight adults: which site is
most optimal?. Clin. Obes. 8, 21-29. https://doi.org/10.1111/cob.12231 (2018).

49. Organization, W. H. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation. (2008).

50. Katz, A. et al. Quantitative insulin sensitivity check index: a simple, accurate method for assessing insulin sensitivity in humans.
J. Clin. Endocrinol. Metab. 85, 2402-2410 (2000).

51. Ali, A. T., Hochfeld, W. E., Myburgh, R. & Pepper, M. S. Adipocyte and adipogenesis. Eur. J. Cell Biol. 92, 229-236 (2013).

52. Dragunow, M., Cameron, R., Narayan, P. & O’Carroll, S. Image-based high-throughput quantification of cellular fat accumulation.
J. Biomol. Screen. 12, 999-1005 (2007).

53. Moseti, D., Regassa, A. & Kim, W. K. Molecular regulation of adipogenesis and potential anti-adipogenic bioactive molecules. Int.
J. Mol. Sci. https://doi.org/10.3390/ijms17010124 (2016).

54. Gorzelniak, K., Janke, J., Engeli, S. & Sharma, A. M. Validation of endogenous controls for gene expression studies in human
adipocytes and preadipocytes. Horm. Metab. Res. 33, 625-627. https://doi.org/10.1055/s-2001-17911 (2001).

55. Chatree, S. et al. Epigallocatechin gallate decreases plasma triglyceride, blood pressure, and serum kisspeptin in obese human
subjects. Exp. Biol. Med. (Maywood) https://doi.org/10.1177/1535370220962708 (2020).

Acknowledgments

This study was supported by the Thailand Research Fund (TRF) through the Royal Golden Jubilee Ph.D. Program
(Grant No. PHD/0089/2558) to SC and Chantacha Sitticharoon, the Faculty of Medicine Siriraj Hospital Research
Fund ((I0) R015932003, R0159333013, and R016132012), and the Siriraj Graduate Scholarship type II. We thank
Dr. Katesirin Ruamyod for helping in the cell culture-imaging technique under the inverted microscope. We
thank Panomporn Livikorn for printing laboratory results. We would like to give our sincere gratitude to the
staff of the Department of Pathology and Anatomy for helping in the photo imaging technique by scan scope. We
would like to thank staff of the Department of Clinical pathology for collecting plasma samples of the subjects
and printing laboratory results.

Author contributions

All authors have approved the submitted version and have agreed both to be personally accountable for the
author’s own contributions and to ensure that questions related to the accuracy or integrity of any part of the
work, even ones in which the author was not personally involved, are appropriately investigated, resolved, and
the resolution documented in the literature. S.C., Chantacha Sitticharoon, and S.T. participated in the conception
and design of the work. S.C. and Chantacha Sitticharoon participated in the analysis and interpretation of the
data and have drafted the work. S.C., Chantacha Sitticharoon, PM., K.P, I.K., M.Ch., Chanakarn Sripong, and
R.S. participated in the acquisition of data. All authors participated in substantively revised the work.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:2008 | https://doi.org/10.1038/s41598-021-81606-9 nature research


https://doi.org/10.1038/sj.ejcn.1602830
https://doi.org/10.1111/cob.12231
https://doi.org/10.3390/ijms17010124
https://doi.org/10.1055/s-2001-17911
https://doi.org/10.1177/1535370220962708
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Cissus Quadrangularis enhances UCP1 mRNA, indicative of white adipocyte browning and decreases central obesity in humans in a randomized trial
	Results
	The effects of CQ extract on obesity and clinical parameters in obese subjects. 
	The effects of CQ extract on peripheral metabolic factors in obese subjects. 
	The effects of CQ extract on serum leptin and adiponectin levels. 
	The effects of CQ extract on blood chemistry of kidney and liver functions in obese subjects. 
	The effect of CQ extract on human adipocyte lipolysis. 
	The effect of CQ extract on browning of human white adipocytes. 

	Discussion
	Methods
	The study in obese human subjects. 
	Subjects. 

	The study protocol. 
	Demographic and anthropometric data and blood pressure measurement. 
	Hormonal assay. 
	Analysis of serum leptin and adiponectin levels. 
	The study in human adipocyte culture. 
	The lipolysis experiment. 
	Browning of human white adipocytes. 
	Real-time PCR analysis. 
	Statistical analysis. 

	References
	Acknowledgments


