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Background: Javamide-I/-II (J1/J2) are bioactive compounds found in coffee. Recent studies suggest that J1/J2 may possess anti-inflammatory activity. However, there is no information about the effects of J1/J2 on inflammatory cytokines and other health-related factors in vivo.

Methods: To investigate the effects of J1/J2 on inflammatory and other health-related factors (metabolic/growth/hepatic/cardiovascular/ risk factors) in vivo, rats were placed into two groups: CG group (a control diet/drinking water, n = 10) and JG group (a normal diet/drinking water containing J1/J2, n = 10). The study was performed for 16 weeks. During the study, bodyweight and water consumption were monitored weekly, and O-red/HE stains, ALT, AST, IGF1, IGF-1, growth hormone, sE-selectin, sICAM, TNF-alpha, and MCP-1 assays were performed using histochemistry and ELISA methods. The amounts of J1/J2 were measured by HPLC.

Results: The average daily intakes of J1 and J2 were found to be about 0.13 and 0.38 mg, respectively, and no significant difference in bodyweight was found between the CG and JG groups. Also, O-red/HE stains showed no significant difference between both groups, suggesting that J1/J2 may have no adverse effect on the liver. Also, there was no difference in ALT level between both groups. However, the level of AST was significantly lower in the JG group compared to the CG group (p < 0.05). Additionally, J1/J2 had no significant effects on growth hormone (GH) and IGF-1 in the JG group, compared to the CG group. Also, there was no significant difference in sE-selectin and sICAM levels between both groups. However, TNF-alpha and MCP-1 levels were significantly lower in the JG group, compared to the CG group (p < 0.05), suggesting that J1/J2 may have positive effects on these inflammatory cytokines in vivo.

Conclusion: J1/J2 may have beneficial effects on hepatic and inflammatory factors (AST, TNF-alpha and MCP-1) without adverse effects on bodyweight, liver, ALT, GH, IGF-1, sE-selectin, and sICAM in rats.
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Introduction

J1/J2 are bioactive phenolic-conjugated tryptophan compounds found in coffee (1, 2). Regarding health-related effects of J1/J2, several studies indicated that J1/J2 may contain several important biological activities related to human health (3–6). Especially, our studies showed that J1/J2 and their derivatives may possess significant anti-inflammatory activity, particularly anti-cytokine activity in vitro (4–8). In line with this, two recent reports even suggested that coffee containing J1/J2 may have some positive effects on inflammatory cytokines (9, 10). However, there is still no information about whether J1/J2 themselves can exert inhibitory effects on inflammatory cytokines in vivo. Furthermore, there is no information about potential effects of J1/J2 on other important health-related risk factors such as metabolic, hepatic and cardiovascular risk factors in vivo.

Therefore, in this study, potential effects of J1/J2 on metabolic, hepatic, growth, cardiovascular and inflammatory factors (e.g., bodyweight, liver, ALT, AST, GH, IGF-1, sE-selectin, sICAM, TNF-alpha and MCP-1) were investigated in a rodent model. First, the potential effects of J1/J2 on bodyweight were studied, because bodyweight is one of the most reliable metabolic factors for people with not only normal but also over weights. Then, the effect of J1/J2 on the liver was investigated to determine whether J1/J2 can yield any adverse effect on the liver such as inducing abnormal fat accumulation. Also, the levels of two liver enzymes (ALT and AST) were examined to gauge potential effects of J1/J2 on the liver because their levels are reported to increase in several clinical conditions including liver damage, alcoholic/nonalcoholic fatty liver and hepatitis (11, 12). In addition, potential effects of J1/J2 on GH and IGF-1 were investigated, because these two hormones play significant roles in growth, development, metabolism, and other disease conditions such as fatty liver and diabetes (13, 14). Furthermore, the potential effects of J1/J2 on sE-selectin and sICAM were investigated, because these cardiovascular risk factors are reliable biomarkers used for evaluating cardiovascular and other diseases (15–18). Lastly, the potential effects of J1/J2 on TNF-alpha and MCP-1 inflammatory cytokines were investigated, because they are deeply involved in the pathogenesis of numerous disease conditions such as neuroinflammatory diseases, rheumatoid arthritis, cardiovascular diseases, even cancer (19–22). To the best of our knowledge, it is the first report about the effects of J1/J2 on bodyweight, liver, ALT, AST, GH, IGF-1, sE-Selectin, sICAM, TNF-alpha and MCP-1 in vivo, providing the first insight to potential health effects of J1/J2 on metabolic, hepatic, cardiovascular and inflammatory risk factors.



Materials and methods


Materials

Tryptophan, coumaric acid, caffeic acid, methanol, acetonitrile, and other chemicals were purchased from Sigma Chemical Co. (St. Louis, MO). J1/J2 (javamide-I/-II) were synthesized and prepared with more than 98% purity as described previously (Figure 1) (1, 3–5).
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FIGURE 1
 HPLC analysis of J1/J2. J1/J2 were analyzed using HPLC as described in “Materials and Methods.” The peaks are from J1/J2 (100 μM).




Methods


HPLC assay of J1/J2

J1/J2 were analyzed by HPLC as reported previously (1, 8). Briefly, Nova-Pak C18 (Waters, Milford, MA, USA; 150 mm x 2.1 mm i.d., 4 μm) and a two-phase linear gradient condition were used to analyze J1 and J2; buffer A (20 mM NaH2PO4, pH 4.3) for 0–2 min, a first linear change from buffer A to buffer B (40% acetonitrile) for 2–18 min, a second linear change from buffer B (40% acetonitrile) to buffer B (60% acetonitrile) for 18–25 min and buffer B (60% acetonitrile) for 5 min at the flow rate of 1 mL/min. J1 and J2 were prepared in buffer A (20 mM NaH2PO4, pH 4.3) and the samples (10 μL) were injected by an autosampler into the Agilent 1,260 Infinity Quaternary LC system (Agilent technologies, Santa Clara, CA, USA) and were monitored by a photo diode array detector (1,260 DAD) (Agilent technologies, Santa Clara, CA, USA). This HPLC method with a limit of detection (3 μg/mL), and a limit of quantitation (4 μg/mL) can separate J1 and J2 with distinctive retention times (Figure 1) as reported previously (8).



Preparation of J1/J2 containing water for animal study

Based on several studies, the amounts of J1/J2 were found to be ≤ 1 and ≤ 3 mg in a cup of coffee (250 mL), respectively (2, 8, 9). Therefore, for this study, coffee (250 mL) was prepared with J1 (1 mg) and J2 (3 mg). Usually, three cups per day are the daily average for many coffee drinkers. Thus, total amounts of J1/J2 per day are as follows: J1 (3 mg) and J2 (9 mg). Using the FDA guideline “Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers,” J1 (0.13 mg/0.5 kg/day) and J2 (0.40 mg/0.5 kg/day) were prepared in 30 mL of reverse osmosis water, as reported in our previous study (9).



Animal study

Eight-week Sprague–Dawley male rats (n = 20) were purchased from Charles River (Wilmington, MA) and housed in ventilated micro-isolator racks with an automatic watering system in a room with a 12:12-h light/dark cycle and ambient temperature of 18–23 °C with relative humidity of 55.5%. The animals were acclimated to experimental conditions for 2 weeks. Then, the animal study was conducted according to an animal protocol approved by the Beltsville Area Animal Care and Use Committee (AUP Approval No. 13–025) which was in accordance with the Institutional Animal Care and Use Committee (IACUC). Also, this study was performed in accordance with relevant guidelines and regulations, and all methods are reported in accordance with ARRIVE guidelines. Rats were fed an AIN-76A purified diet1 and provided with reverse osmosis water to provide the recommended allowance of all nutrients and water required for optimal health. For the study, rats were assigned into two groups; water control group (CG; n = 10) and J1/J2 group (JG; n = 10), because the preliminary data showed that 10 rats in each group often provide a power of higher than 0.99 to detect 25% difference in means with a standard deviation of 10%. For the JG group, J1/J2 containing water was prepared for the study described above. During the study (16 weeks), J1/J2 containing water was provided to the JG group, meanwhile reverse osmosis water was provided to the CG group. Also, food and water were provided to rats ad libitum during the study. However, water consumption was monitored weekly to determine the daily intakes of J1/J2. Also, the bodyweight of rats in both groups was monitored weekly. During this study, no anesthesia method was used. At the end of the experiment, after 16 h fasting, rats (n = 20) were individually euthanized by CO2 euthanasia, which is commonly used for euthanasia of small rodents. After checking the absence of vital signs (i.e., heartbeat, respiration, and response to painful stimuli), blood was immediately collected into EDTA-coated vials and centrifuged (3,000 rpm for 10 min) for the plasma. All plasma samples were stored at -80 °C until analyzed. Also, the livers were surgically removed from animals and liver tissue sections were fixed with formalin (10%).



Oil red O and HE stains

Oil Red O staining was performed as described previously (23). Briefly, liver tissue sections were fixed with formalin (10%) as described above. For Oil Red O staining, formalin was discarded, and the sections were washed twice using deionized water. Then, 100% propylene glycol was added to the sections for 5 min. After that, the sections were coated evenly with heated oil red O solution for 12 min. After that, the oil red O solution was discarded, and the sections were washed 2–5 times with water. Then, the Mayer’s hematoxylin solution was added to the sections and incubated for 10 s. The hematoxylin solution was discarded, and the sections were washed 2–5 times with water. The slides were covered with glycerin jelly mounting medium and examined using PANNORAMIC 1000 (3D Histech Ltd., Budapest, Hungary). Additionally, HE (hematoxylin/eosin) stain was performed as described previously (24). The fixed tissue sections were placed in Mayer’s hematoxylin for 3 min. After that, the slides were placed in a bluing solution for 1 min and 40 s. The slides were placed in 100% alcohol for 5 min, then placed in alcohol-based Eosin for 1 min. Slides were placed in xylene for clearing for 2 min, then undergo 2 changes of 100% alcohol dehydration for 1 min each. Again, slides were placed in xylene for clearing for 2 min. Coverslips were mounted on the slides using a xylene based mounting medium, and the samples were scanned using PANNORAMIC 1000 (3D Histech Ltd., Budapest, Hungary).



ALT and AST analyses

The levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in plasma samples were measured using commercial ALT (Cat # ab285264) and AST (Cat # ab263883) kits (Abcam, Cambridge, MA, the United States) according to the manufacturer’s instructions.



Measurements of GH and IGF-1

GH level was measured in plasma samples using a commercial kit (Rat/Mouse Growth Hormone ELISA, Cat #EZRMGH-45 K, Millipore, Billerica, MA, the United States) according to the manufacturer’s instructions. The hormone level was measured spectrophotometrically by the increased absorbency at 450 nm, which is directly proportional to the amount of rat/mouse growth hormone in the samples. IGF-I level was also measured in plasma samples using a commercial kit (Rat/Mouse IGF-I Quantikine ELISA Kit (Cat # MG100), R&D systems, Minneapolis, MN, the United States), which was measured spectrophotometrically by the increased absorbency at 450 nm, according to the manufacturer’s instructions.



Measurements of sICAM and sE-selectin

Rat soluble intercellular adhesion molecule 1 (sICAM) level was determined in plasma samples using sICAM ELISA kit (Cat # RIC100, R&D systems, Minneapolis, MN, the United States) according to the manufacturer’s instructions. The level of sICAM was measured spectrophotometrically by the increased absorbency at 450 nm, directly proportional to the amount of sICAM in the samples. sE-selectin level was determined in the plasma samples using rat sE-Selectin ELISA Kit (Cat. # ab171334; Abcam, Cambridge, MA, the United States) according to the manufacturer’s protocols. The level of sE-Selectin was measured spectrophotometrically by the increased absorbency at 450 nm.



Measurements of TNF-alpha and MCP-1

The levels of TNF-alpha and MCP-1 were measured in plasma samples using TNF-alpha (Cat. # KRC3011; Thermos Fisher, Camarillo, CA, the United States) and MCP-1 Quantikine ELISA kits (Cat. # DY3144-05; R&D systems, Minneapolis, MN, the United States) according to the manufacturer’s protocols. Briefly, assay was performed using 100 μL of plasma sample with background and standard controls at room temperature. Both kits detect endogenous and recombinant rat TNF-alpha and MCP-1 without low cross-reactivity against other related proteins.




Statistical analysis

Statistical analyses were performed with Sigma Plot 11.0 (Chicago, IL). p-value was calculated using the t-test method, and p < 0.05 was considered as statistically significant. Also, the size effects (d) were calculated using the Cohen’s d value. Data points were represented as the mean ± SD (n = 10).




Results


Preparation of J1/J2 in water and HPLC analysis

The amounts of J1/J2 used for animal study were analyzed using HPLC as described in “Materials and Methods” (Figure 1). Based on our previous studies, the amounts of J1 and J2 were found to be ≤ 1 and ≤ 3 mg per cup of coffee (250 mL), respectively. Based on this, the total amounts of J1/J2 in three cups are as follows: J1 (3 mg) and J2 (9.0 mg). Using the FDA guideline “Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers,” J1/J2-containing water for the study was prepared by adding J1 (0.13 mg) and J2 (0.40 mg) in water (30 mL) as described in “Materials and Methods” (9).



Determination of J1/J2 intake

Using the data of weekly water consumption, J1 and J2 intakes were calculated (Figure 2). The weekly average intakes of J1 and J2 were found to be about 0.9 and 2.65 mg, so the daily average intakes were about 0.13 and 0.38 mg. These numbers were compatible with the daily amounts of J1 and J2 (0.13 and 0.4 mg) calculated using the FDA guideline.

[image: Line chart showing water, J2, and J1 intake over 15 weeks. Water intake is consistently higher, around 200 to 300 milliliters. J2 intake fluctuates slightly, averaging around 2 to 3 milligrams. J1 intake remains steady, below 1 milligram. Error bars indicate variability.]

FIGURE 2
 Water consumption and J1/J2 intakes. The intakes of J1/J2 were calculated based on water consumption in the JG group. Data is presented as the mean ± SD (n = 10).




Effects of J1/J2 on bodyweight

Like water consumption, bodyweight was also monitored weekly during the study. As shown in Figure 3, there was a very similar pattern of bodyweight gain between the groups, and no significant difference was found in bodyweight between the groups during the study. As expected, no difference in bodyweight was found between the groups at the end of the study. This data suggests that J1/J2 may not have significant effects on bodyweight in the JG group, compared to the CG group.

[image: Line graph showing bodyweight in grams over weeks for two groups: CG (black circles) and JG (white circles). Both groups start around 450 grams and steadily increase to over 500 grams by week fifteen, with JG slightly higher throughout. Error bars indicate variability.]

FIGURE 3
 Effects of J1/J2 on bodyweight. There was no significant difference in bodyweight between the CG and JG groups. Data was analyzed using the t-test method. Bodyweight and chow consumption were not significantly different between the groups. Data is presented as the mean ± SD (n = 10).




Effects of J1/J2 on the liver

The liver is one of the organs able to react to harmful chemicals via initiating/developing fatty liver and other liver diseases (25, 26). Therefore, the effect of J1/J2 on the liver was investigated by Oil Red O staining, because this is one of the most used methods in histology and pathology to detect/visualize neutral lipids and triglycerides in frozen sections of tissue samples including the liver samples (23, 24). As shown in Figure 4, both liver samples did not produce a vivid red color often seen in the fatty livers, suggesting that there was no significant lipid accumulation in the liver samples from both groups. Additionally, the hematoxylin/eosin (HE) staining was performed, because the hematoxylin staining is commonly used to identify tissue structures, cell types and morphological changes via showing cell nuclei in a purplish-blue color and staining extracellular matrix and cytoplasm with a pink color (23, 24). Likewise, there was no significant difference in the structural patterns of cell nuclei and cytoplasm in the liver samples from the CG and JG groups, suggesting that there may be no significant pathological changes in the livers from the JG group, compared to those from the CG group (Figure 4). This data suggests that J1/J2 may have no adverse effect on the liver in the JG group, compared to the CG group.

[image: Histological images of tissue samples labeled A, B, C, and D. Samples A and B display lightly stained cells with scattered patterns. Samples C and D show densely stained cells with more defined structures. Each image includes a 100 micrometer scale bar for reference.]

FIGURE 4
 Histological analysis of the liver tissue. (A) Oil Red O staining image of the liver from the CG group. (B) Oil Red O staining image of the liver from the JG group. (C) HE-stained image of the liver from the CG group. (D) HE-stained image of the liver from the JG group. The scale of the bar (100 μm) is detonated in each picture.




Effects of J1/J2 on ALT and AST

Potential effects of J1/J2 on the liver were further studied by measuring ALT (alanine aminotransferase) and AST (aspartate aminotransferase) levels in the samples, because high levels of ALT and AST are often detected in the blood from individuals with several clinical conditions such as liver damage, alcoholic/nonalcoholic liver injury and hepatitis (11, 12). The levels of ALT and AST were measured in plasma samples as described in “Materials and Methods.” As shown in Figure 5A, there was no statistically significant difference in ALT level between the CG and JG groups. Though, the average level of ALT was found to be lower in the JG group compared to the CC group, suggesting J1/J2 may have some potential effects on the liver. However, the level of AST was found to be lower significantly in the JG group, compared to the CG group (p < 0.05) (Figure 5B), suggesting J1/J2 may have beneficial effects on AST.

[image: Boxplot charts compare physiological measurements in two groups labeled CG and JG. Chart A shows values around 100 to 150 units per liter for both groups. Chart B shows CG with values around 30 to 40 units per liter, while JG has values around 10 to 20 units per liter. A significant difference is noted in Chart B with p-value less than 0.05 and effect size of 0.95.]

FIGURE 5
 Effects of J1/J2 on ALT and AST. ALT (A) and AST (B) were measured using plasma samples. There was no significant difference in ALT level between the CG and JG groups, but the level of AST was lower in the JG groups, compared to the CG group. Data was analyzed using the t-test method and data is presented as the mean ± SD (n = 10) with p-value and d (Cohen’s d) value. The mark (*) indicates statistical significance compared to the CG group (p < 0.05).




Effects of J1/J2 on GH and IGF-1

The effect of J1/J2 on GH was investigated in plasma samples, and the data showed that there was no significant difference in plasma level of GH between the CG and JG groups. In fact, the average level of GH was found to be a bit higher in the JG group than the CG group (Figure 6A), suggesting that J1/J2 may have no negative effect on the hormone. Also, the effect of J1/J2 on IGF-1 was investigated in plasma samples, because IGF-1 plays a crucial role in growth and development, and because IGF-1 is produced primarily by the liver in response to growth hormone stimulation (12, 13). As shown in Figure 6B, there was no significant difference in plasma IGF-1 level between both groups, suggesting that J1/J2 may have no adverse effects on GH and IGF-1.

[image: Boxplots of growth hormone (GH) and IGF-1 levels in two groups, CG and JG. Panel A shows GH levels in nanograms per milliliter, with CG having a wider range than JG. Panel B displays IGF-1 in picograms per milliliter, where CG shows higher variability compared to the narrower range in JG.]

FIGURE 6
 Effects of J1/J2 on GH and IGF-1. GH (A) and IGF-1 (B) were measured using plasma samples. There were no significant differences in GH and IGF-1 levels between the CG and JG groups. Data is presented as the mean ± SD (n = 10).




Effects of J1/J2 on sICAM-1 and sE-selectin

The effect of J1/J2 on sICAM-1 was investigated because sICAM-1 is commonly used as an atherosclerotic risk factor in patients with progressed CVD (15, 16). The data showed that there was no significant difference in plasma sICAM-1 levels between the CG and JG groups, although the average level of sICAM was lower in the JG group than the CG group (Figure 7A). Next, the effect of J1/J2 on sE-selectin expression was investigated in plasma samples, because sE-selectin is also a cardiovascular/inflammatory biomarker (17, 18). Again, the data showed that there was no significant difference in plasma sE-selectin levels between both groups (Figure 7B). This data suggests that J1/J2 may have no negative effect on plasma sICAM-1 and sE-selectin levels in the JG group, compared to the CG group.

[image: Two box plots compare two groups, CG and JG. Plot A shows sICAM levels in nanograms per milliliter, with CG median around 0.6 and JG around 0.4. Plot B displays sE-selectin levels, with CG median near 2.0 and JG slightly higher. Outliers are indicated in both plots.]

FIGURE 7
 Effects of J1/J2 on sICAM and sE-selectin. sICAM (A) and sE-selectin (B) were measured using plasma samples. There were no significant differences in sICAM and sE-selectin levels between the CG and JG groups. Data is presented as the mean ± SD (n = 10).




Effects of J1/J2 on TNF-alpha and MCP-1

Tumor necrosis factor-alpha (TNF-alpha) is a multifunctional cytokine. For instance, in the liver, TNF-alpha causes numerous biological responses including liver inflammation (19, 20). Like TNF-alpha, MCP-1 is also associated with the pathogenesis of numerous disease conditions such as metabolic, neuroinflammatory diseases, rheumatoid arthritis and cardiovascular diseases (21, 22). Interestingly, several reports suggest that J1/J2 may have positive effects on inflammatory cytokines in vitro (4–7). However, there is currently no information about the effects of J1/J2 on inflammatory cytokines in vivo. Therefore, the potential effects of J1/J2 on TNF-alpha and MCP-1 were investigated in plasma samples. As shown in Figure 8A, there was a significant difference in plasma level of TNF-alpha between the CG and JG groups; the level of TNF-alpha was significantly lower in the JG groups than the CG group (p < 0.05). This data suggests that J1/J2 may have positive effects on TNF-alpha. Next, the potential effect of J1/J2 on MCP-1 was investigated in the samples. As shown in Figures 8B, a significant difference was also found in plasma MCP-1 level between the CG and JG groups, and the level of MCP-1 was significantly lower in the JG groups than the CG group (p < 0.05), suggesting that J1/J2 may have positive effects on MCP-1. Based on the data, J1/J2 is likely to have some beneficial effects on both inflammatory cytokines (TNF-alpha and MCP-1) in the JG group, compared to the CG group (p < 0.05). Altogether, the data suggests that J1/J2 may have beneficial effects on hepatic and inflammatory factors (AST, TNF-alpha and MCP-1) without adverse effects on ALT, sE-selectin, sICAM, IGF-1 and GH in vivo (Table 1).

[image: Two box plots compare the levels of TNF-alpha and MCP-1 between control (CG) and another group (JG). Panel A shows TNF-alpha levels, with CG higher than JG, marked significant with p < 0.05 and a medium effect size (d = 0.52). Panel B displays MCP-1 levels, with CG also higher than JG, marked significant with p < 0.05 and a large effect size (d = 1.7).]

FIGURE 8
 Effects of J1/J2 on TNF-alpha and MCP-1. TNF-alpha (A) and MCP-1 (B) were measured using plasma samples. There were significant differences in TNF-alpha and MCP-1 levels between the CG and JG groups. Data was analyzed using the t-test method. Data is presented as the mean ± SD (n = 10) with p-value and d (Cohen’s d) value. The mark (*) indicates statistical significance compared to the CG group (p < 0.05).



TABLE 1 Summary of J1/2 effects on metabolic, hepatic, cardiovascular and inflammatory factors.


	Factors
	CG group
	JG group
	p-values

 

 	Bodyweight 	521.0 ± 46.7 	541.1 ± 63.2 	p = 0.429


 	ALT 	95.3 ± 53.3 	96.5 ± 47.6 	p = 0.938


 	AST 	63.5 ± 23.5 	45.2 ± 5.6 	p = 0.021*


 	GH 	16.9 ± 15.6 	19.9 ± 11.8 	p = 0.571


 	IGF-1 	499.2 ± 228.9 	517.9 ± 102.7 	p = 0.970


 	sICAM 	0.60 ± 0.27 	0.57 ± 0.39 	p = 0.240


 	sE-selectin 	2.0 ± 0.66 	2.2 ± 0.58 	p = 0.451


 	TNF-alpha 	10.5 ± 2.6 	6.9 ± 2.5 	p = 0.015*


 	MCP-1 	528.8 ± 76.3 	338.7 ± 136.9 	p = 0.001*





Data were represented as the mean ± SD (n = 10). p-value was calculated using the t-test method, and the mark (*) indicates statistical significance compared to the CG group (p < 0.05). AST, aspartate aminotransferase; GH, growth hormone; IGF-1, insulin-like growth factor 1; sE-selectin, soluble E-selectin; sICAM, soluble intercellular adhesion molecule 1; TNF-alpha, tumor necrosis factor-alpha; MCP-1, monocyte chemoattractant protein-1.
 




Discussion

J1/J2 are bioactive phenolic-conjugated tryptophan compounds found in coffee beans and products (1, 2). Previous studies showed that many coffee beans/products in the market may contain J1/J2 (1, 2, 9, 10). Thus, people are likely to intake J1 and J2 together when they drink coffee. Additionally, recent in vitro studies suggest that both J1 and J2 may contain several health-related activities including anti-inflammatory activity (3–7). However, there is no information about anti-inflammatory activity of J1/J2 in vivo. Furthermore, the effects of J1/J2 on other important health factors (bodyweight, liver, ALT, AST, GH, IGF-1, sE-selectin, sICAM) have not been investigated at all. Therefore, in this study, potential effects of J1/J2 were investigated related to these risk factors in vivo. Particularly, in this study, the FDA guideline “Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers” was used to prepare the drinking water containing J1/J2, and the daily intakes of J1/J2 were calculated. In fact, this type of data is often missing in many in vivo studies, being difficult to correlate study outcomes to the doses of tested compounds.

As shown in Figure 3, both groups showed a very similar pattern of weight gains during the study, suggesting that J1/J2 may have no adverse impact on bodyweight. Next, potential effects of J1/J2 on liver were investigated, because harmful/toxic chemicals have been alleged to initiate/develop fatty liver disease (25–27). For example, nonalcoholic fatty liver disease (NAFLD) has been reported to ensue with exposure to drugs, alcohol, pesticides and pollutants (25–27). Therefore, the effects of J1/J2 were investigated related to fatty livers. As shown in Figure 4, there was no significant difference in the color of Oil Red-O staining between the CG and JG groups, suggesting that J1/J2 may not induce fatty liver in the JG group, compared to the CG group. Additionally, we investigated the effect of J1/J2 on the liver using two liver-related risk factors (e.g., ALT, AST). As shown in Figure 5A, plasma ALT level was not significantly different between both groups. However, the data showed that the average level of ALT was lower in the JG group than the CG group, suggesting that J1/J2 may have some potential in lowering ALT level. Like ALT, AST is also a good biomarker for assessing the progression of fatty liver. In fact, AST is often viewed as a broader risk factor than ALT, because AST is produced from not only the liver but also other organs (e.g., heart, muscle, kidneys, brain, and blood cells) (11). As shown in Figure 5B, the plasma AST level of the JG group was found to be significantly lower than the CG group, suggesting that J1/J2 may have some beneficial effects on not only the liver but also other organs such as heart, muscle, and blood cells. In this study, the daily average intakes of J1/J2 were about 0.13 and 0.38 mg during the study (Figure 2). So, these amounts of J1/J2 may be correlated with the beneficial effects on AST in the JG group. Although ALT and AST assessments are commonly considered as useful indicators of liver function/injury, there are other biomarkers for liver function/injury such as alkaline phosphatase, gamma-glutamyl transferase, serum albumin and total protein. However, these biomarkers could not be tested herein due to the scarcity of plasma samples. Therefore, in the future, these may be investigated related to liver function and injury to provide a more complete assessment for the hepatic effects.

Related to coffee consumption, there is an old saying “coffee stunts growth.” Therefore, the effect of J1/J2 on growth hormone was investigated. As shown in Figure 6A, plasma GH levels were not significantly different between both groups. However, the average level of GH was found to be higher in the JG group than the CG group, suggesting that J1/J2 may have no negative effect on GH. Also, there was no significant difference in the plasma IGF-1 level between the JG and CG groups (Figure 6B). Together, J1/J2 may have no negative effects on GH and IGF-1 levels, suggesting that J1/J2 may have no opposing effects on growth, development, anabolism, and metabolism. Next, the effects of J1/J2 on sICAM were investigated, because sICAM is often used as a risk factor for several diseases such as inflammatory condition, infections, autoimmune disease, and cardiovascular diseases (28–30). As shown in Figure 7A, plasma sICAM levels were not significantly different between both groups. However, the average level of sICAM was found to be lower in the JG group than the CG group, suggesting that the high levels of J1/J2 may have some positive effects on sICAM in the JG group, compared to the CG group. Like sICAM, E-selectin is a good biomarker for assessing the progression of cardiovascular diseases such as atherosclerosis, and the soluble form (sE-selectin) can be found in the blood of patients with cardiovascular diseases (31, 32). Therefore, the effect of J1/J2 on sE-selectin was evaluated in plasma samples from both groups. As shown in Figure 7B, there was no significant difference in plasma sE-selectin level between the JG and CG groups. This data suggests that J1/J2 may have no adverse effects on metabolic factors (GH and IGF-1) and cardiovascular risk factors (sICAM and sE-selectin).

Inflammatory cytokines are significantly involved in the development/progress of several human chronic diseases such as diabetes, liver, kidney and cardiovascular diseases (33–36). Among them, TNF-alpha is a pro-inflammatory cytokine being involved in the development and progression of several inflammatory and autoimmune diseases (37, 38). Especially in the liver, TNF-alpha is involved in numerous biological outcomes such as hepatocyte apoptosis and necroptosis, liver inflammation, and hepatocellular carcinoma (38). Therefore, in this study, in vivo effects of J1/J2 on TNF-alpha were investigated. As shown in Figure 8A, the level of TNF-alpha was significantly lower in the JG group in comparison to the CG group, suggesting that J1/J2 may provide some positive effects on TNF-alpha level in the JG group, compared to the CG group. Considering the various functions of TNF-alpha in the liver and other parts of the human body, it is likely that J1/J2 may have potential to exert some positive effects on TNF-alpha related diseases. Like TNF-alpha, MCP-1 (Monocyte chemoattractant protein-1) is one of the CC family of chemokines, which plays a critical role in the process of inflammation via attracting or enhancing the expression of other inflammatory factors/cells. Also, MCP-1 is believed to be associated with numerous disease conditions such as infection, inflammation, neuroinflammatory diseases, rheumatoid arthritis, and cardiovascular diseases (35, 36, 39, 40). Especially, plasma levels of MCP-1 are reported to be a risk factor for patients with acute coronary syndromes and other cardiovascular diseases (35, 39). Therefore, the potential effects of J1/J2 on MCP-1 were investigated herein. As shown in Figure 8B, the level of MCP-1 was found to be significantly lower in the JG group, compared to the CG group (Figure 8B). This data indicates that J1/J2 can have some beneficial effects on not only TNF-alpha but also MCP-1 in vivo. As mentioned previously, the daily average intakes of J1/J2 were, respectively, about 0.13 and 0.38 mg during the study (Figure 2). Thus, these amounts may be sufficient for exerting positive effects on TNF-alpha and MCP-1 in the rats. In fact, this is the first study about potential health effects of J1/J2, particularly the data about AST, TNF-alpha and MCP-1 is promising. However, the study was conducted using normal animals without inducing any disease condition. Thus, the data is likely about beneficial changes in hepatic (AST) and inflammatory biomarkers (TNF-alpha and MCP-1) under a normal physiological condition. Therefore, in the future, potential effects of J1/J2 should be investigated using an appropriate disease model to evaluate their effects and possible underlying mechanisms. Also, pharmacological/clinical studies should be conducted to investigate the potential effects of J1/J2 on a broad range of human health in the future, because there is no information about the potential health effects of J1/J2 in humans. In summary, the data suggests that J1/J2 may have no adverse effects on bodyweight, liver, ALT, GH, IGF-1, sE-selectin, and sICAM selectin, but they may have some beneficial effects on AST, TNF-alpha, and MCP-1 in the JG group, compared to the CG group.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The animal study was approved by an animal protocol approved by the Beltsville Area Animal Care and Use Committee (AUP Approval No. 13-025) which was in accordance with the Institutional Animal Care and Use Committee (IACUC). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

JP: Funding acquisition, Conceptualization, Writing – review & editing, Supervision, Formal analysis, Methodology, Software, Investigation, Visualization, Data curation, Project administration, Writing – original draft, Resources, Validation. RP: Methodology, Investigation, Writing – review & editing, Formal analysis, Data curation.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by USDA (project number 8040-10700-006-000D).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


J1/J2, javamide-I/-II; J1, javamide-I; J2, javamide-II; HE, hematoxylin/eosin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GH, growth hormone; IGF-1, insulin-like growth factor 1; sE-selectin, soluble E-selectin; sICAM, soluble intercellular adhesion molecule 1; TNF-alpha, tumor necrosis factor-alpha; MCP-1, monocyte chemoattractant protein-1.




Footnotes

1   https://dyets.com/research-diets-directory/ain-76a-purified-rodent-diet/


References
	 1. Park,JB. NMR confirmation and HPLC quantification of javamide-I and javamide-II in green coffee extract products available in the market. Int J Anal Chem. (2017) 2017:1927983. doi: 10.1155/2017/1927983 
	 2. Park,JB, Wang,YTT, Zhang,D, Vega,EF, and Meinhardt,WL. HPLC quantification and MS/NMR confirmation of javamide-I/-II in arabica and robusta coffee beans from different regions for finding better bean sources for javamide-I/-II. Austin Chromatogr. (2019) 6:1051. doi: 10.26420/austinchromatogrl.2019.1051
	 3. Park,JB. Finding potent Sirt inhibitor in coffee: isolation, confirmation and synthesis of Javamide-II (N-Caffeoyltryptophan) as Sirt1/2 inhibitor. PLoS One. (2016) 11:e0150392. doi: 10.1371/journal.pone.0150392 
	 4. Park,JB. Javamide-II found in coffee is better than caffeine at suppressing TNF-alpha production in PMA/PHA-treated lymphocytic Jurkat cells. J Agric Food Chem. (2018) 66:6782–9. doi: 10.1021/acs.jafc.8b01885 
	 5. Park,JB, Peters,R, Pham,Q, and Wang,TTY. Javamide-II inhibits IL-6 without significant impact on TNF-alpha and IL-1 beta in macrophage-like cells. Biomedicine. (2020) 8:138. doi: 10.3390/biomedicines8060138 
	 6. Park,JB, and Wang,TTY. Methyl (E)-(3-(3,4-dihydroxyphenyl)acryloyl)tryptophanate can suppress MCP-1 expression by inhibiting p38 MAP kinase and NF-κB in LPS-stimulated differentiated THP-1 cells. Eur J Pharmacol. (2017) 810:149–55. doi: 10.1016/j.ejphar.2017.07.006 
	 7. Park,JB. Finding a cell-permeable compound to inhibit inflammatory cytokines: uptake, biotransformation, and anti-cytokine activity of javamide-I/-II esters. Life Sci. (2022) 291:120280. doi: 10.1016/j.lfs.2021.120280 
	 8. Park,JB. Concurrent HPLC detection of javamide-I/-II, caffeine, 3- O-caffeoylquinic acid, 4-O-caffeoylquinic acid and 5-O-caffeoylquinic acid; their comparative quantification and disparity in ground and instant coffees. Sep Sci Plus. (2019) 2:230–6. doi: 10.1002/sscp.201900022
	 9. Park,JB. In vivo effects of coffee containing Javamide-I/-II on body weight, LDL, HDL, total cholesterol, triglycerides, leptin, adiponectin, C-reactive protein, sE-selectin, TNF-alpha, and MCP-1. Curr Dev Nutr. (2021) 6:nzab145. doi: 10.1093/cdn/nzab145
	 10. Park,JB, and Peters,R. Compositional analysis of coffee containing javamide I/II and investigation of health effects in rats fed a high fat diet. Sci Rep. (2025) 15:28806. doi: 10.1038/s41598-025-13590-3 
	 11. Tamber,SS, Bansal,P, Sharma,S, Singh,RB, and Sharma,R. Biomarkers of liver diseases. Mol Biol Rep. (2023) 50:7815–23. doi: 10.1007/s11033-023-08666-0 
	 12. Vogli,S, Naska,A, Marinos,G, Kasdagli,MI, and Orfanos,P. The effect of vitamin E supplementation on serum aminotransferases in non-alcoholic fatty liver disease (NAFLD): a systematic review and Meta-analysis. Nutrients. (2023) 15:3733. doi: 10.3390/nu15173733 
	 13. Dichtel,LE, Cordoba-Chacon,J, and Kineman,RD. Growth hormone and insulin-like growth factor 1 regulation of nonalcoholic fatty liver disease. J Clin Endocrinol Metab. (2022) 107:1812–24. doi: 10.1210/clinem/dgac088 
	 14. Cui,L, Wang,Y, Li,Z, Yang,X, Zhou,H, Zhang,Z , et al. Predictive value of growth hormone and insulin-like growth factor-1 axis for gestational diabetes mellitus: a prospective cohort study. BMC Endocr Disord. (2025) 25:132. doi: 10.1186/s12902-025-01953-w 
	 15. Liu,M, Wang,P, Xie,P, Xu,X, He,L, Chen,X , et al. Expression of ICAM-1 and E-selectin in different metabolic obesity phenotypes: discrepancy for endothelial dysfunction. J Endocrinol Investig. (2023) 46:2379–89. doi: 10.1007/s40618-023-02094-4 
	 16. Miller,MR, Landis,HE, Miller,RE, and Tizabi,Y. Intercellular adhesion molecule 1 (ICAM-1): an inflammatory regulator with potential implications in ferroptosis and Parkinson’s disease. Cells. (2024) 13:1554. doi: 10.3390/cells13181554 
	 17. He,WB, Ko,HTK, Curtis,AJ, Zoungas,S, Woods,RL, Tonkin,A , et al. The effects of statins on cardiovascular and inflammatory biomarkers in primary prevention: a systematic review and Meta-analysis. Heart Lung Circ. (2023) 32:938–48. doi: 10.1016/j.hlc.2023.04.300 
	 18. Puig,N, Camps-Renom,P, Camacho,M, Aguilera-Simón,A, Jiménez-Altayó,F, Fernández-León,A , et al. Plasma sICAM-1 as a biomarker of carotid plaque inflammation in patients with a recent ischemic stroke. Transl Stroke Res. (2022) 13:745–56. doi: 10.1007/s12975-022-01002-x 
	 19. van Loo,G, and Bertrand,MJM. Death by TNF: a road to inflammation. Nat Rev Immunol. (2023) 23:289–303. doi: 10.1038/s41577-022-00792-3 
	 20. Tiegs,G, and Horst,AK. TNF in the liver: targeting a central player in inflammation. Semin Immunopathol. (2022) 44:445–59. doi: 10.1007/s00281-022-00910-2 
	 21. Bahaabadi,ZJ, Javid-Naderi,MJ, Kesharwani,P, Karav,S, and Sahebkar,A. A review on biosensors for quantification of MCP-1 as a potential biomarker in diseases. Immunology. (2025) 175:419–33. doi: 10.1111/imm.13944 
	 22. Wang,L, Lan,J, Tang,J, and Luo,N. Mcp-1 targeting: shutting off an engine for tumor development. Oncol Lett. (2022) 23:26. doi: 10.3892/ol.2021.13144
	 23. Flori,L, Galgani,G, Bray,G, Ippolito,C, Segnani,C, Pellegrini,C , et al. Development of an adipocyte differentiation protocol using 3T3-L1 cells for the investigation of the browning process: identification of the PPAR-gamma agonist rosiglitazone as a browning reference drug. Front Pharmacol. (2025) 16:1546456. doi: 10.3389/fphar.2025.1546456 
	 24. Ruiz,TFR, Ferrato,LJ, de Souza,LG, Brito-Filho,GE, Leonel,ECR, and Taboga,SR. The elastic system: a review of elastin-related techniques and hematoxylin-eosin/phloxine applicability for normal and pathological tissue description. Acta Histochem. (2024) 126:152209. doi: 10.1016/j.acthis.2024.152209 
	 25. Mackowiak,B, Fu,Y, Maccioni,L, and Gao,B. Alcohol-associated liver disease. J Clin Invest. (2024) 134:e176345. doi: 10.1172/JCI176345 
	 26. López-Pascual,E, Rienda,I, Perez-Rojas,J, Rapisarda,A, Garcia-Llorens,G, Jover,R , et al. Drug-induced fatty liver disease (DIFLD): a comprehensive analysis of clinical, biochemical, and histopathological data for mechanisms identification and consistency with current adverse outcome pathways. Int J Mol Sci. (2024) 25:5203. doi: 10.3390/ijms25105203 
	 27. Sonkar,R, Ma,H, and Waxman,DJ. Steatotic liver disease induced by TCPOBOP-activated hepatic constitutive androstane receptor: primary and secondary gene responses with links to disease progression. Toxicol Sci. (2024) 200:324–45. doi: 10.1093/toxsci/kfae057 
	 28. Zinellu,A, and Mangoni,AA. A systematic review and meta-analysis of the effect of statin treatment on sVCAM-1 and sICAM-1. Expert Rev Clin Pharmacol. (2022) 15:601–20. doi: 10.1080/17512433.2022.2072294 
	 29. Qiu,J, Shang,M, Li,W, Zhang,H, Liao,Y, and Dong,H. The expression of sICAM-1 influenced by Clonorchis sinensis co-infection in CHB patients. J Helminthol. (2024) 98:e54. doi: 10.1017/S0022149X24000427 
	 30. Vedpathak,S, Sharma,A, Palkar,S, Bhatt,VR, Patil,VC, Kakrani,AL , et al. Platelet derived exosomes disrupt endothelial cell monolayer integrity and enhance vascular inflammation in dengue patients. Front Immunol. (2024) 14:1285162. doi: 10.3389/fimmu.2023.1285162 
	 31. Zhang,J, Huang,S, Zhu,Z, Gatt,A, and Liu,J. E-selectin in vascular pathophysiology. Front Immunol. (2024) 15:1401399. doi: 10.3389/fimmu.2024.1401399 
	 32. Purdy,M, Obi,A, Myers,D, and Wakefield,T. P- and E- selectin in venous thrombosis and non-venous pathologies. J Thromb Haemost. (2022) 20:1056–66. doi: 10.1111/jth.15689 
	 33. Bazile,C, Abdel Malik,MM, Ackeifi,C, Anderson,RL, Beck,RW, Donath,MY , et al. TNF-alpha inhibitors for type 1 diabetes: exploring the path to a pivotal clinical trial. Front Immunol. (2024) 15:1470677. doi: 10.3389/fimmu.2024.1470677
	 34. Zhang,H, and Dhalla,NS. The role of pro-inflammatory cytokines in the pathogenesis of cardiovascular disease. Int J Mol Sci. (2024) 25:1082. doi: 10.3390/ijms25021082 
	 35. Pang,Y, Kartsonaki,C, Lv,J, Fairhurst-Hunter,Z, Millwood,IY, Yu,C , et al. Associations of adiposity, circulating protein biomarkers, and risk of major vascular diseases. JAMA Cardiol. (2021) 6:276–86. doi: 10.1001/jamacardio.2020.6041 
	 36. Scurt,FG, Menne,J, Brandt,S, Bernhardt,A, Mertens,PR, Haller,H , et al. Monocyte chemoattractant protein-1 predicts the development of diabetic nephropathy. Diabetes Metab Res Rev. (2022) 38:e3497. doi: 10.1002/dmrr.3497 
	 37. Luciano,N, Barone,E, Timilsina,S, Gershwin,ME, and Selmi,C. Tumor necrosis factor alpha inhibitors and cardiovascular risk in rheumatoid arthritis. Clin Rev Allergy Immunol. (2023) 65:403–19. doi: 10.1007/s12016-023-08975-z 
	 38. Vachliotis,ID, and Polyzos,SA. The role of tumor necrosis factor-alpha in the pathogenesis and treatment of nonalcoholic fatty liver disease. Curr Obes Rep. (2023) 12:191–206. doi: 10.1007/s13679-023-00519-y 
	 39. Singh,S, Anshita,D, and Ravichandiran,V. MCP-1: function, regulation, and involvement in disease. Int Immunopharmacol. (2021) 101:107598. doi: 10.1016/j.intimp.2021.107598 
	 40. Tsai,PH, and Liou,LB. Effective assessment of rheumatoid arthritis disease activity and outcomes using monocyte chemotactic Protein-1 (MCP-1) and disease activity score 28-MCP-1. Int J Mol Sci. (2024) 25:11374. doi: 10.3390/ijms252111374 


Copyright
 © 2025 Park and Peters. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		In vivo effects of javamide-I/-II on metabolic, hepatic, cardiovascular and inflammatory risk factors



		Introduction



		Materials and methods



		Materials



		Methods



		HPLC assay of J1/J2



		Preparation of J1/J2 containing water for animal study



		Animal study



		Oil red O and HE stains



		ALT and AST analyses



		Measurements of GH and IGF-1



		Measurements of sICAM and sE-selectin



		Measurements of TNF-alpha and MCP-1









		Statistical analysis









		Results



		Preparation of J1/J2 in water and HPLC analysis



		Determination of J1/J2 intake



		Effects of J1/J2 on bodyweight



		Effects of J1/J2 on the liver



		Effects of J1/J2 on ALT and AST



		Effects of J1/J2 on GH and IGF-1



		Effects of J1/J2 on sICAM-1 and sE-selectin



		Effects of J1/J2 on TNF-alpha and MCP-1









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		Footnotes



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

In vivo effects of javamide-I1/-11 on
metabolic, hepatic, cardiovascular
and inafl mmatory risk factors












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






OPS/images/fnut-12-1661468-g005.jpg
uiL

UL

200

150

100

50

60

50

40

30

20

10

(Y]

-
-
-
-
CcG JG
Group
®)
L
* (p <0.05, d=0.95)
-
- .
CcG JG

Group






OPS/images/fnut-12-1661468-g006.jpg
)

JG
Group

cG

50

(1w/Bu) HO

(8)

1000

o Q

8 g
(jwyBd) 1-49)

200

JG

cG

Group





OPS/images/fnut-12-1661468-g003.jpg
9

H

(wesB) yyBremApog

10

Weeks





OPS/images/fnut-12-1661468-g004.jpg
(GY)

100 pm

100 pm






OPS/images/fnut-12-1661468-g007.jpg
)

«

8 o o o
< = & &

© o«

(lw/Bu) wyars

o
=]

0.2 4

0.0

JG

Group

CG

®)

3.5

3.0 4

1.0 q

0.5

JG

CG

Group





OPS/images/fnut-12-1661468-g008.jpg
TNF-alpha (pg/ml)

MCP-1 (pg/ml)

16

(A)

12 4

10 A

* (p < 0.05; d=0.52)

(B)

CcG

Group

JG

700

600 -

500 -

400 -

300 o

200 A

100 o

*(p<0.05,d=17)

-

CG

Group






OPS/images/fnut-12-1661468-g001.jpg





OPS/images/fnut-12-1661468-g002.jpg
Water intake (mL)

400 —@— Water intake
—&— J2intake
300 4 —=— J1intake
200
100
5
o 0

Weeks










