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Abstract 

Peptides are a rapidly expanding drug class with a parallel and largely unregulated gray market that 

sells preparations directly to consumers for self-administration. The use of gray market peptides has 

grown substantially, with patients self-administering these compounds for purported benefits 

including accelerated musculoskeletal injury recovery, muscle hypertrophy, fat loss, and athletic 

performance enhancement. The objective of this study was to evaluate the purity, measured 

abundance, and endotoxin burden of gray market research peptides using a large, publicly available 

independent testing dataset, and to compare their cost to compounded and FDA-approved 

alternatives. A total of 6441 peptide samples across fourteen compounds, including BPC-157, 

cagrilintide, CJC-1295, GHK-Cu, ipamorelin, PT-141, retatrutide, semaglutide, sermorelin, 

survodutide, TB-500, tesamorelin, thymosin beta-4, and tirzepatide, were analyzed. Two quality 

acceptance frameworks were applied: a model that approximated regulatory standards for 503A 

compounded medications, and a more conservative model that utilized regulatory standards often 

applied to the production of FDA approved peptide drugs. Between the two models, 41.6% to 71.1% 

of samples failed to meet basic quality criteria, and measurable endotoxin contamination was present 

in 15% of samples. Gray market compounds were consistently less expensive than FDA-approved 

peptides, but there were considerable differences in the cost differential. Compared with gray market 

preparations, the estimated cost of a clinically relevant treatment course for FDA-approved peptides 

was 72.8% higher for tirzepatide, and 3850% higher for PT-141. These findings indicate that many 

peptides used for sports medicine and performance-related purposes fail basic quality benchmarks. 

Further, consumer-directed third-party testing improves transparency, but captures only a small 

fraction of the safety profile relevant to patients self-administering injectable peptide preparations. 

Keywords: peptides; gray market peptides; peptide purity; measured abundance; endotoxin; 

compounded drugs 

 

1. Introduction 

Peptides are molecules composed of short chains of amino acids that occupy a unique 

therapeutic space between small-molecule drugs and large biological proteins [1,2]. Their biologic 

specificity, high target affinity, and broad applicability across endocrine, metabolic, infectious, 

oncologic, and regenerative medicine have made them an established and expanding drug class [1,3]. 

The development and approval of peptide drugs requires extensive preclinical characterization 

followed by rigorous clinical evaluation, typically involving phase I safety studies, phase II dose-

finding trials, and large phase III efficacy trials that together can involve thousands of subjects over 

a decade or more of development [2,4]. Once approved, peptide drug products must be 

manufactured under current good manufacturing practice regulations, with validated 

manufacturing processes, comprehensive impurity profiling, stability testing, and batch release 

against pharmacopeial or approved specifications, before they can be dispensed to patients [4–9]. 
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Despite this regulatory framework, a parallel and rapidly expanding gray market for 

unapproved peptides has emerged, driven by direct-to-consumer marketing through social media 

platforms, e-commerce websites, and online forums [2,10]. These compounds are typically sold under 

the label “research chemical” or “not for human consumption,” a designation intended to circumvent 

FDA regulatory oversight, despite being purchased and self-administered by consumers for a wide 

range of purported therapeutic purposes [2,10]. These indications include muscle hypertrophy, joint 

pain, recovery from musculoskeletal injuries, fat loss, and athletic performance, making these 

compounds particularly relevant to sports medicine clinicians [2,10,11]. The gray market 

encompasses both peptides that have never been tested in humans and compounds that are FDA-

approved but produced outside of regulated manufacturing channels, without the quality controls 

that govern licensed pharmaceutical production [2,10]. Because gray market peptides are produced 

without current good manufacturing practice oversight, they are not subject to the facility 

inspections, validated manufacturing processes, or mandatory batch release testing required of 

regulated drug products, creating a supply chain in which product quality is largely opaque to the 

consumer [2,4–9]. 

In response to growing consumer demand for independent quality information, third-party 

testing platforms have emerged that allow consumers and peptide vendors to submit preparations 

for independent analytical testing. Finnrick Analytics is one such platform, offering publicly 

accessible results of high performance liquid chromatography (HPLC) and mass spectrometry-based 

testing for identity, measured abundance, purity, and in a subset of samples, endotoxin burden. This 

publicly available dataset represents one of the largest collections of independent quality data on 

gray market peptides assembled to date, and offers a unique opportunity to characterize the quality 

landscape of this supply chain at scale. 

The objective of this study was to use the Finnrick Analytics publicly available dataset to 

evaluate the most fundamental quality attributes of gray market research peptides across a broad 

range of peptide classes and vendors. The fourteen peptides evaluated in this study (Supplemental 

Table 1) include: (i) those with purported roles in tissue repair, BPC-157, TB-500, thymosin beta-4, 

and GHK-Cu; (ii) growth hormone axis peptides that were tested in clinical trials but never approved, 

CJC-1295 and ipamorelin; (iii) FDA-approved growth hormone axis peptides sermorelin and 

tesamorelin; (iv) the FDA-approved melanocortin receptor agonist PT-141/bremelanotide; (v) 

peptides in late-stage clinical trial development for obesity and metabolic diseases, cagrilintide, 

retatrutide, and survodutide; and (vi) peptides approved by the FDA for the treatment of obesity and 

type 2 diabetes, semaglutide and tirzepatide. We applied two quality acceptance frameworks 

benchmarked against compounded and commercially manufactured pharmaceutical standards to 

determine what proportion of gray market peptide preparations meet basic safety criteria, examined 

inter-vendor variability as a determinant of product quality, and compared the cost of gray market 

preparations to compounded and FDA-approved alternatives. Together, these analyses are intended 

to provide clinicians and patients with an objective, data-driven characterization of the quality and 

cost of gray market peptides currently available to consumers. 

2. Materials and Methods 

2.1. Data Source 

This study was based exclusively on analysis of a publicly available, deidentified dataset. No 

human subjects were recruited, enrolled, or directly studied. Therefore, Institutional Review Board 

approval and informed consent were not required. Publicly available data was obtained from 

Finnrick Analytics (Austin, TX). Finnrick Analytics allows consumers and peptide synthesis 

companies to submit samples for independent testing and analysis. The publicly available data 

obtained from Finnrick Analytics included the name of the peptide, the name of the company that 

produced the peptide, the test date, the quantity of the peptide stated on the label, the quantity and 

purity of the peptide as determined by the independent testing lab who performed the analysis, the 
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batch ID, and a description of the container in which the peptide was provided [12]. The abundance 

and purity of peptide samples were measured by high performance liquid chromatography followed 

by ultraviolet or mass spectrometry for detection. The measured amount of peptide was expressed 

as a percentage of the stated amount on the label. Purity is defined as the percentage of the peptide 

being tested as a percentage of total detected substances. The dataset also includes endotoxin testing 

from a limited number of samples, which was performed using a Limulus Amebocyte Lysate (LAL) 

or recombinant detection assay. 

We selected a total of 14 peptides for analysis, based on the following criteria: (i) peptides that 

are approved for use in the US, which include GHK-Cu (glycyl-L-histidyl-L-lysine bound to copper, 

permitted for topical use), PT-141/bremelanotide, semaglutide, sermorelin, tesamorelin, and 

tirzepatide; (ii) peptides that have completed phase II or III clinical trials in the US but are not 

approved for use, which include cagrilintide, CJC-1295, ipamorelin, retatrutide, survodutide, and 

thymosin beta-4; (iii) peptides that are not approved in the US, that have not completed phase II or 

III clinical trials, and that are extensively marketed to consumers through social media, which 

includes BPC-157 (body protection compound 157) and TB-500 (Supplemental Table 1). Within this 

group of 14 peptides, 6487 analysis reports were available in the Finnrick Analytics dataset (Figure 

1). A total of 156 reports (BPC-157 N=17, CJC-1295 N=22, GHK-Cu N=1, ipamorelin N=6, retatrutide 

N=59, semaglutide N=6, TB-500 N=4, tesamorelin N=11, tirzepatide N=30) did not contain the stated 

peptide and were excluded from measured abundance and purity analysis, but were included in the 

composite release analysis. There were 46 additional reports that contained incomplete data and were 

excluded. This left a total of 6285 reports (96.9%) of the original dataset that were subsequently 

analyzed for measured abundance and purity in this study. Within this dataset, there were also 243 

reports that included endotoxin testing results that were included for analysis. A total of 203 

individual peptide synthesis companies were represented in the overall dataset. The dates of reports 

spanned a period of approximately 15 months, from December 17, 2024 through April 3, 2026. 

2.2. Quality Acceptance Criteria and Model Development 

Two conditional quality acceptance models were applied to evaluate each sample against 

distinct pharmaceutical quality frameworks. These models were developed as representative 

standards to compare peptide data in the Finnrick Analytics dataset to peptide drug products 

available for clinical use. The first model (Compounded Standards Model) was designed to be 

reflective of compounded drugs produced under FDA 503A or 503B standards, and available through 

compounded pharmacies with prescription from a licensed provider. The second model 

(Manufactured Standards Model) was designed as a more stringent set of guidelines, consistent with 

peptide drugs produced under FDA-approved monographs and available through retail pharmacies 

with prescription from a licensed provider. Both models integrate measured peptide abundance and 

HPLC purity as independent quality attributes, consistent with the standard pharmaceutical 

principle that assay and impurity profile must each satisfy predefined acceptance criteria [13–15]. 

Because the samples in this dataset represent only a subset of the characterization that would be 

required for either a compounded sterile preparation or a commercially manufactured peptide drug 

product, additional testing such as sterility, endotoxin, residual solvent, water content, and stability 

indicating analysis would be required for formal batch release [16–19]. Accordingly, all release 

designations in this study were considered conditional. Endotoxin data were available for fewer than 

4% of samples and were therefore analyzed separately rather than incorporated into the composite 

release scoring framework. 

For the Compounded Standards Model, measured abundance was considered acceptable if the 

sample contained 90.0% to 110.0% of the stated label claim. This range was selected as a 

compounding-oriented benchmark consistent with the broader potency tolerance commonly applied 

in compounded preparation quality assessment [15,17,18,20–23]. A purity threshold of ≥98.0% by 

HPLC was applied as the pass or fail criterion. Because no single numeric HPLC purity threshold for 

finished compounded peptide vials is explicitly codified across USP compounding chapters or ICH 
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impurity guidance, the 98.0% threshold was used here as a pragmatic, literature informed benchmark 

for acceptable peptide purity in a limited attribute dataset rather than as a formal universal regulatory 

requirement [4,8,19,20,24,25]. 

 

Figure 1. Data selection and sample inclusion workflow. A total of 6487 peptide samples from the publicly 

available Finnrick Analytics dataset were screened. Endotoxin testing data (red) were available for 243 samples 

and were analyzed separately. Forty-six samples with incomplete data were excluded from further analysis. 

Identity testing demonstrated that 156 samples did not contain the stated peptide. The remaining 6285 samples 

had complete measured abundance and purity data. Composite release analyses were performed using two 

parallel quality models: a Compounded Standards Model (Green), with acceptable measured abundance defined 

as 90% to 110% of label claim and acceptable purity defined as 98.0% or greater, and a Manufactured Standards 

Model (Blue), with acceptable measured abundance defined as 95% to 105% of label claim and acceptable purity 

defined as 99.5% or greater. Samples that did not contain the stated peptide were retained as a separate category 

in both release models. Pie charts depict the peptide composition of the endotoxin subset, the identity failure 

subset, and the primary analytic cohort. 
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For the Manufactured Standards Model, measured abundance was considered acceptable if the 

sample contained 95.0% to 105.0% of the stated label claim. This narrower window was selected to 

represent a higher stringency commercial assay benchmark consistent with the tighter specification 

philosophy commonly used for manufactured drug products and peptide therapeutic quality control 

[4,13,15,17,26]. A purity threshold of ≥99.5% by HPLC was applied as a high stringency comparator 

intended to approximate the low impurity burden expected for well controlled manufactured peptide 

drug substances. This threshold was selected to align conceptually with FDA impurity control 

expectations for synthetic peptide drugs, including the recommendation that any new specified 

peptide related impurity generally not exceed 0.5% of the drug substance [4]. It should therefore be 

interpreted as a conservative analytical benchmark for this study rather than as a universal purity 

specification for all FDA approved peptide drug products. 

2.3. Cost Comparisons 

For peptide medications that are approved, we sought to determine the approximate cost of a 

clinically relevant treatment dose and time course. Of the available peptides in the dataset that are 

available for use in the US, GHK-Cu is only available for topical use and not frequently available in 

research grade manufacturers in a topical format, and sermorelin is no longer actively produced as a 

name brand medication. The remaining peptides in this category were PT-141, semaglutide, 

tesamorelin, and tirzepatide. For this analysis, we used the dose and time course for each of these 

peptides from their pivotal phase III clinical trials of these four peptides. For PT-141, premenopausal 

women with hypoactive sexual desire disorder have intercourse on average 3 times every four weeks 

[27], the pivotal study involved a 24-week treatment period [28], and the FDA-approved dose of 

Vyleesi (PT-141) is 1.75mg [29]. This corresponds to a dose of 31.5mg of PT-141 over 24 weeks. In 

treating lipodystrophy in patients who are HIV+, Egrifta SV (tesamorelin) is administered at 1.4mg 

per day [30]. The pivotal study observed an 18% reduction in visceral adipose tissue abundance in 26 

weeks [31], which equates to a total dose of 254.8mg of tesamorelin over this time period. Semaglutide 

and tirzepatide both have dose-escalation scales for their use. In the pivotal STEP 1 trial, patients 

initially began at a dose of 0.25mg of Wegovy (semaglutide), increasing to 0.5mg, 1.0mg, 1.7mg, and 

2.4mg as tolerated over a 68-week period [32]. Each dose was maintained for at least 4 weeks before 

progressing to the next dose, and at the high end this equates to a total of 139mg of Wegovy delivered 

over a 68-week time frame, resulting in a 14.9% reduction in body weight from baseline [32]. For 

Zepbound (tirzepatide), the SURMOUNT-1 [33] trial involved three different dosing arms over a 72-

week period. The highest dose group began with 2.5mg of Zepbound weekly for four weeks, 

increasing to 5mg, 7.5mg, 10mg, 12.5mg, and 15mg as tolerated over a 72-week period [33]. Each dose 

of Zepbound was maintained for at least 4 weeks before progressing to the next dose, resulting in an 

up to 928mg cumulative dose of Zepbound over 72 weeks and a corresponding 20.9% reduction in 

body mass [33]. 

After dosing information was established, pricing estimates were then calculated. To obtain cost 

information for gray market research peptides, we used two price comparison sites, Peptide Critic 

and PeptiPrices [34,35]. These sites list pricing for gray market peptides across a variety of vendors, 

with direct links to purchase. A total of N=271 prices were available for the four peptides being 

analyzed. For compounded medications, we used a web search to identify compounding pharmacies 

producing these medications under 503A guidance, and obtained pricing information (N=178). We 

then obtained pricing for FDA approved manufactured peptide drugs. For Vyleesi (bremelanotide), 

we used extensive internet searches across multiple cash pay prescription websites, which had an 

average price of $262.09 per 1.75mg dose (N=47 pharmacies). Egrifta (tesamorelin) is available 

through a limited access program for the treatment of visceral fat in HIV+ patients, and patients who 

meet eligibility criteria and who do not have coverage can receive Egrifta at no cost [36]. Therefore, 

cash pay Egrifta is not available, and was excluded from our analysis. Both Wegovy and Zepbound 

offer cash pay pricing that is considerably less expensive than list prices or standard pharmacy 

discount programs, and for this reason when analyzing the cost of these medications we will only 
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use this pricing as it is generally available to any patient with a valid prescription. At the time of 

manuscript preparation, the cost per four pack of pens for Wegovy was as follows: 0.25mg, $199; 

0.5mg, $199; 1mg, $349; 1.7mg $349, 2.4mg $349 [37]. We used this pricing and the dose escalation 

protocol from the STEP 1 trial [32] to estimate a total cost of $5633 of semaglutide over a 68-week 

period. Similarly, we used the cash pay pricing from the manufacturer [38] and the dose escalation 

protocol from the SURMOUNT-1 [33] trial to estimate a cost of $7882 for 72 weeks of Zepbound 

(tirzepatide). At the time of manuscript preparation, the cost per four pack of pens of Zepbound was 

as follows: 2.5mg, $299; 5mg, $399; 7.5-15mg, $449 [38]. 

2.4. Data Analysis 

Data analysis was performed with Prism version 11 (GraphPad Software, Boston, MA). 

Measured amount, purity, and endotoxin data were not normally distributed, and values presented 

are median with the interquartile range (25th-75th percentile). Linear regression analysis was 

performed to determine the coefficient of determination (R2) between sample purity and endotoxin 

levels. For statistical analyses, data were natural log transformed and the differences between two 

groups were tested using Welch’s t-test (α=0.05) or between multiple groups with a one-way ANOVA 

(α=0.05) followed by Tukey’s post-hoc sorting. 

3. Results 

3.1. Endotoxin 

Because endotoxin contamination poses a direct risk of serious adverse events, we evaluated the 

prevalence and magnitude of endotoxin burden across available samples (Figure 2). We also assessed 

whether purity could serve as a reliable proxy for endotoxin safety. No detectable endotoxin was 

observed in 74 samples (30%), endotoxin levels below the lower limit of quantification (<0.5 EU/mL) 

were observed in 133 samples (55%), and low but measurable endotoxin levels (0.5-40 EU/mL) were 

observed in 36 samples (15%). To determine whether chromatographic purity was related to 

endotoxin levels, we performed linear regression between sample purity and endotoxin levels, and 

determined that there was no correlation between purity and endotoxin contamination (R2<0.01, 

P=0.75). 

3.2. Measured Abundance and Purity 

To characterize the overall quality landscape of gray market and compounded peptide 

preparations, we examined the distribution of measured abundance and purity across all peptide 

classes in the analytic cohort. Across the full analytic cohort, the overall median measured abundance 

was 101.80% of label claim (IQR 95.00-109.00%), and the overall median purity was 99.80% (IQR 

99.50-99.90%) (Figures 3 and 4). Substantial variability was present across peptide classes in both 

dimensions. Median measured abundance ranged from 97.45% (IQR 89.30-105.00%) for sermorelin 

to 103.50% (IQR 94.20-115.10%) for BPC-157. The widest abundance IQRs were observed for BPC-

157, tirzepatide, and CJC-1295, indicating considerable within-class variability in dosing accuracy 

across vendors. GHK-Cu had the highest median purity at 99.90% (IQR 99.85-99.95%), while TB-500 

had the lowest at 97.29% (IQR 93.83-99.59%). CJC-1295 also demonstrated a notably depressed 

median purity of 98.49% (IQR 91.59-99.60%), with substantial downward spread in the lower quartile. 

3.3. Inter-Vendor Variability 

To determine whether quality differences were attributable to specific vendors rather than 

inherent properties of individual peptide classes, we examined inter-vendor variability in measured 

abundance and purity among the most represented peptide classes and assessed overall vendor-level 

performance across the dataset. Among the five most represented peptide classes, BPC-157, GHK-

Cu, retatrutide, tesamorelin, and tirzepatide, there was substantial inter-vendor variability in both 

measured abundance and purity (Figure 5). The top 20 vendors by sample volume contributed 3098 
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samples, representing 49.3% of the overall analytic cohort. When vendor-peptide combinations were 

plotted by median measured abundance versus median purity, the distribution of vendor-level 

performance was heterogeneous, with some vendors consistently producing samples within both 

quality thresholds across multiple peptide classes and others falling outside one or both criteria 

regardless of peptide (Figure 6). 

 

Figure 2. Endotoxin analysis. (A) Distribution of endotoxin levels across all samples tested (N=243). Samples 

were categorized as having no detectable endotoxin (N=74, 30%), low-level endotoxin below the quantifiable 

threshold (endotoxin <0.5 EU/vial; N=133, 55%), or measurable endotoxin contamination (0.5-40 EU/vial; N=36, 

15%). (B) Scatter plot of endotoxin level versus sample purity among the subset of samples with quantifiable 

endotoxin (0.5-40 EU/vial; N=36), as indicated by the arrow in panel A. Linear regression between endotoxin 

burden and peptide purity is shown (R2<0.01, P=0.75). 
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Figure 3. Median and interquartile range of measured abundance and purity of peptide samples. (A) Measured 

abundance, expressed as percent of label claim. (B) Purity. The green shaded region denotes the Compounding 

Standards Model range (abundance 90-110% and purity ≥98.0%), while the blue shaded region denotes the 

Manufactured Standards Model range (abundance 95-105% and purity ≥99.5%). Values are median±IQR. 

3.4. Composite Release Score 

To provide a clinically interpretable summary of overall sample quality, we applied two parallel 

quality acceptance frameworks: (i) one benchmarked against standards for compounded 

pharmaceutical preparations (Compounded Standards Model), and (ii) one against standards for 

commercially manufactured FDA-approved drug products (Manufactured Standards Model). We 

then determined the proportion of samples that met both, one, or neither quality criterion under each 

model. Samples that did not contain the stated peptide on identity testing were included as a fifth 

category in both models, constituting 2.4% of overall samples across both models. 

Applying the Compounding Standards Model, which requires a measured abundance between 

90% and 110% of label claim and purity of 98.0% or greater, 58.4% of all samples met both criteria 

simultaneously, with 41.6% failing to meet basic purity, abundance, or identity standards (Figure 

7A). An additional 3.0% met the abundance criterion but failed the purity threshold, while 32.8% met 

purity but fell outside the acceptable abundance range, and 3.3% failed both criteria. At the individual 

peptide level, retatrutide had the highest proportion of samples meeting both compounding 

standards (67.8%), followed by survodutide (64.0%) and thymosin beta-4 (64.5%). TB-500 had the 

lowest dual-pass rate at 22.5%, and also had the highest identity failure rate at 10.0%, meaning that 

one in ten TB-500 samples did not contain the stated compound. CJC-1295 had the second highest 

identity failure rate at 9.1%, with only 29.2% of samples meeting both compounding criteria. 

Tesamorelin and BPC-157 had identity failure rates of 3.6% and 3.5% respectively. 

Under the more rigorous Manufactured Standards Model, requiring measured abundance 

between 95% and 105% of label claim and purity of 99.5% or greater, the overall proportion of samples 

meeting both criteria was 28.9%, meaning that 71.1% of all samples failed to meet manufactured drug 

product quality standards (Figure 7B). An additional 8.4% met abundance but failed purity, while 

44.3% met purity but fell outside the tighter abundance window, and 15.9% failed both criteria. At 

the peptide level, retatrutide again performed best at 47.0%, followed by ipamorelin (34.2%) and PT-

141 (29.7%). Tirzepatide had a notably low dual-pass rate of 13.8% under the Manufactured 

Standards Model, with 58.8% of samples meeting purity but failing the abundance criterion, 

reflecting consistent purity paired with frequent dosing inaccuracy. CJC-1295 had the lowest dual-

pass rate at 10.7%, compounded by a 9.1% identity failure rate, meaning fewer than 1 in 10 CJC-1295 

samples would meet manufactured drug product standards. TB-500 had the highest combined failure 

burden, with only 7.5% of samples meeting both manufactured criteria and an additional 10.0% not 

containing the stated compound at all. 

3.5. Cost Comparisons Between Gray Market, Compounded and FDA-Approved Peptides 

To contextualize the cost differences between gray market research peptides, compounded 503A 

peptides, and FDA-approved manufactured formulations, we compared per-milligram pricing 

across all four peptides, and estimated the total cost of a clinically relevant treatment course for 

peptides which are FDA-approved and actively marketed (PT-141, tesamorelin, semaglutide, and 

tirzepatide). Expressed as cost per milligram, gray market peptides were consistently the least 

expensive across all four compounds, ranging from $3.88/mg for PT-141 to $7.00/mg for semaglutide, 

while FDA-approved manufactured formulations ranged from $7.48/mg for tirzepatide to 

$153.00/mg for PT-141 (Table 1). 

The estimated cost of a clinically relevant treatment course differed substantially across gray 

market, compounded 503A, and FDA-approved manufactured formulations for all four peptides 

analyzed (Figure 8). For PT-141, the median cost of a 24-week treatment course was $122 (IQR $100-

$142) for gray market preparations, $266 (IQR $245-$281) for compounded 503A formulations, and 
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$4,819 (IQR $4464-$4949) for the FDA-approved manufactured product. Both the compounded and 

FDA-approved formulations were significantly more expensive than gray market preparations, and 

for tesamorelin, the median 26-week course cost was $1605 (IQR $1376-$1949) for gray market 

preparations and $3928 (IQR $3695-$4204) for compounded 503A formulations, with the 

compounded formulation significantly more expensive than the gray market product. Cash-pay 

pricing for FDA-approved tesamorelin was not available, as it is accessible to eligible patients at no 

cost through a limited patient access program. For semaglutide, the median cost of a 68-week 

treatment course following the STEP 1 dose-escalation protocol was $973 (IQR $660-$1626) for gray 

market preparations and $5004 (IQR $4830-$5143) for compounded 503A formulations, with the 

compounded formulation significantly more expensive than the gray market product. The cash-pay 

price for FDA-approved Wegovy over a STEP 1 treatment course duration was $5,633. For 

tirzepatide, the median cost of a 72-week treatment course following the SURMOUNT-1 highest-dose 

escalation protocol was $4,561 (IQR $2784-$7176) for gray market preparations and $9,512 (IQR 

$9048-$9647) for compounded 503A formulations, with the compounded formulation significantly 

more expensive than the gray market product. The cash-pay price for FDA-approved Zepbound was 

$7882. 

Table 1. Cost of peptides expressed as dollars ($) per milligram (mg). Values are median (IQR). Differences 

between groups were tested using Welch’s t-test (α=0.05) or between multiple groups with a one-way ANOVA 

(α=0.05) followed by Tukey’s post-hoc sorting. FDA-approved tesamorelin is not available for cash pay 

purchasing. For FDA-approved semaglutide and tirzepatide, the price represents the cost per milligram of the 

highest dose pen. *, significantly different (P<0.05) from gray market research peptide price; †, significantly 

different (P<0.05) from 503A compounded peptide price; ‡, not tested in statistical model.the FDA-approved 

product was significantly more expensive than the compounded formulation. 

 
Gray Market Research 

Peptide Price ($ per mg) 

503A Compounded 

Peptide Price ($ per mg) 

FDA Approved 

Commercial Peptide Price 

($ per mg) 

PT-141 3.88 (3.15-4.50) N=86 8.50 (7.80-9.05)* N=34 153.0 (141.6-157.1) † N=47 

Semaglutide 7.00 (4.74-11.90) N=53 36.00 (34.25-37.00)* N=64 36.35‡ N=1 

Tesamorelin 6.30 (5.37-7.73) N=81 15.42 (14.25-16.50)* N=33 NA‡ 

Tirzepatide 4.90 (2.91-7.93) N=51 10.25 (9.75-10.42)* N=47 7.48‡ N=1 
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Figure 4. Distribution of measured abundance and purity across samples. Violin plots demonstrating the 

distribution of (A) measured abundance and (B) purity for each peptide, with individual data points overlaid. 

The green shaded region denotes the Compounding Standards Model range (abundance 90-110% and purity 

≥98.0%), while the blue shaded region denotes the Manufactured Standards Model range (abundance 95-105% 

and purity ≥99.5%). Axes were constrained to improve visualization of the central distribution. Values beyond 

this boundary are represented at the truncation limits. N=6285. 
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Figure 5. Inter-vendor variability in measured amount and purity for the five most represented peptide classes. 

Data points represent individual vendor-peptide pairings for (A) measured amount as a percentage of label 

claim and (B) purity for BPC-157 (N=88), GHK-Cu (N=120), retatrutide (N=507), tesamorelin (N=111), and 

tirzepatide (N=335). The green shaded region denotes the Compounding Standards Model range (abundance 

90-110% and purity ≥98.0%), while the blue shaded region denotes the Manufactured Standards Model range 

(abundance 95-105% and purity ≥99.5%). Values are median±IQR. 

 

Figure 6. Relationship between median measured amount and median purity across the top 20 vendors by 

sample volume. Each data point represents a manufacturer-peptide combination, with one specific manufacturer 

and all of the peptide samples they produced. The top 20 vendors by sample volume contributed 3098 peptide 

samples (49.3% of the overall analytic sample). Green dotted lines indicate the Compounding Standards Model 
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used in this study  (abundance 90-110% and purity ≥98.0%). Blue dashed lines indicate the Manufactured 

Standards Model (abundance 95-105% and purity ≥99.5%). Values are median±IQR. 

 

Figure 7. Composite release score distribution by peptide. Stacked bar charts display the proportion of samples 

in each release score category for all peptides combined and for each of the 14 individual peptide classes. (A) 

Classification using the Compounding Standards Model (measured abundance 90-110% and purity ≥98.0%). (B) 

Classification using Manufactured Standards Model (measured abundance 95-105% and purity ≥99.5%). Stacked 

bars show the percentage of samples in each group that met both criteria, met purity but not abundance criteria, 

met abundance but not purity criteria, failed both criteria, or did not contain the stated peptide. 

 

Figure 8. Estimated cost of a clinically relevant treatment course for compounded (503A) and gray market 

research peptides compared to FDA-approved manufactured formulations. Cost estimates were calculated for 
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(A) PT-141, (B) tesamorelin, semaglutide, and tirzepatide based on drug doses and treatment durations derived 

from the pivotal phase III clinical trial data of each peptide. For PT-141, costs reflect a 24-week treatment course 

at 1.75 mg per intercourse event. For tesamorelin, costs reflect a 26-week course at 1.4 mg/day. For semaglutide, 

costs reflect a 68-week course using the STEP 1 dose-escalation protocol. For tirzepatide, costs reflect a 72-week 

course using the SURMOUNT-1 highest-dose escalation protocol. Tesamorelin is available at no cost through a 

limited access program and cash-pay pricing is not available (NA). Wegovy (semaglutide) and Zepbound 

(tirzepatide) cash-pay pricing (N=1 each). Data are presented as median with interquartile range. *, significantly 

different (P<0.05) from the gray market research peptide group; †, significantly different (P<0.05) from the 503A 

compounded peptide group; ‡, N=1 data point, not included in statistical model. Statistical comparisons were 

performed using natural log-transformed data with Welch’s t-test (α=0.05, tesamorelin, semaglutide, and 

tirzepatide) or between multiple groups with a one-way ANOVA (α=0.05, PT-141) followed by Tukey’s post-

hoc sorting. 

4. Discussion 

In this study, we used a large, publicly available testing dataset to evaluate the purity, measured 

abundance, and endotoxin burden of gray market research peptides sold directly to consumers. 

Under the more liberal Compounding Standards Model, 41.6% of gray market research peptides 

failed to meet at least basic purity and dose standards, while under the more rigorous Manufactured 

Standards Model, 71.1% of samples failed these criteria. Endotoxin contamination was detectable in 

15% of samples with available endotoxin data, and peptide purity was not a reliable predictor of 

endotoxin burden. Gray market research peptides were considerably less expensive than 

compounded or FDA-approved alternatives across all four peptides with active clinical indications, 

a cost differential that could be a primary driver of consumer demand. These findings highlight a 

substantial and largely uncharacterized safety burden borne by patients who use gray market 

peptides. Consumer-directed quality testing, while a step in the right direction, captures only a 

fraction of the safety profile relevant to patients self-administering injectable peptide preparations. 

Purity and measured abundance are critical quality attributes in compounding and drug 

manufacturing, as they directly impact patient safety and therapeutic efficacy. From a patient safety 

perspective, impurities can cause adverse effects including immunogenicity, genotoxicity, 

carcinogenicity, and other toxicities, with certain impurities such as mutagenic nitrosamines posing 

significant health risks even at low concentrations [39–41]. Pharmaceutical impurities represent a 

primary reason for drug product recalls and market withdrawals [41,42]. The presence of impurities 

also reduces the actual amount of active pharmaceutical ingredient available to produce the 

therapeutic effect, potentially compromising treatment outcomes [41,43]. Additionally, impurities 

serve as indicators of manufacturing process control and can signal degradation, contamination, or 

synthesis problems, making control of impurities within specified limits fundamental to ensuring 

consistent product quality throughout the drug lifecycle [40,41]. Measured abundance confirms that 

patients receive the intended therapeutic dose stated on the label. Improper dose is the most common 

error type leading to fatal medication errors, accounting for 40.9% of drug-related deaths [44,45]. 

Additionally, approximately 76% of adverse drug events are dose-related [44,45]. Ensuring that a 

peptide preparation meets acceptable standards for both purity and measured abundance is therefore 

a fundamental prerequisite for its safe and effective use in patients. 

No single uniform quality specification governs all peptide drug products, and the standards 

that apply to a given preparation depend heavily on how it is produced and distributed [8,13,15]. 

This is because approved peptide drugs have monographs, which are formally published, legally 

enforceable quality standards that specify the tests, analytical procedures, and acceptance criteria, 

including identity, strength, purity, and impurity limits, that drug must meet to be used in patients 

[46]. Monographs are developed after FDA approval of a drug product, in collaboration with the 

manufacturer and USP, and are based on data from the validated commercial manufacturing process 

[46]. This process has advantages because peptide drugs can vary in their unique chemistry and 

biology, and having customized guidelines that are specific to that particular peptide can better 
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ensure patient safety and drug efficacy [46]. Because many peptides in the gray market space have 

never received FDA approval, they do not have USP monographs. For peptides that have FDA 

approval and are produced in the gray market, our observation has been that no manufacturer of 

gray market peptides follows USP monographs because the products they produce are considered 

“research grade” or “not for use in humans”. Compounded peptides produced by licensed 

pharmacists under FDA 503A guidance are required to follow a published monograph if one exists, 

but this only applies to the bulk substance peptide, and not necessarily to the inactive ingredients in 

the compounded formulation [24]. Compounded medications are therefore subject to less rigorous 

manufacturing conditions than commercially manufactured FDA-approved drug products, which 

must satisfy the full requirements of an approved New Drug Application, including validated 

manufacturing processes, comprehensive impurity profiling, and stability data [4,47,48]. Because 

many of the FDA-approved peptides that we evaluated are also available as 503A compounded 

medications, it was important to include compounded medications in the study. 

To contextualize the quality of gray market research peptides relative to these two distinct 

regulatory tiers, we developed the Manufactured Standards Model and the Compounding Standards 

Model as practical benchmarks for discussion in this study, with the explicit acknowledgment that 

neither model represents a perfect or universal specification for any individual peptide. Rather, they 

are intended to frame gray market peptide quality within a familiar pharmaceutical reference range 

and provide a basis for comparison that is grounded in existing regulatory and pharmacopeial 

guidance. For the Manufactured Standards Model, the 95.0-105.0% abundance window reflects the 

tighter assay acceptance philosophy commonly applied to commercially manufactured drug 

products [5,15]. Purity thresholds of 99.5% or greater are consistent with FDA regulatory expectations 

for manufactured synthetic peptide drug substances, which recommend that any individual peptide-

related impurity not exceed 0.5% of the drug substance [4,6,8]. For the Compounded Standards 

Model, the governing standard for compounded sterile preparations in the United States requires 

that the labeled strength be within 90-110% for nonofficial articles [24]. For bulk drug substances used 

in compounding that do not have a specific monograph purity limit, the sum of all detected 

impurities may not exceed 2.0% unless a monograph exists for that substance which specifies 

otherwise [49]. This represents the most directly applicable standard for compounded peptide 

preparations in the absence of peptide-specific monograph purity criteria, and forms the primary 

regulatory basis for the 98.0% threshold used here. 

The main finding of the study, that 41.6% to 71.1% of gray market peptides failed fundamental 

safety standards, is clinically important for several reasons. Patients who self-administer these 

preparations are making therapeutic decisions, including dose selection, frequency, and route of 

administration, based on the assumption that the vial they are injecting contains what the label states, 

at the concentration stated, and without a harmful burden of impurities. When measured abundance 

deviates substantially from label claim, patients are effectively receiving an unknown dose, which for 

potent injectable peptides can result in subtherapeutic dosing that undermines the intended clinical 

effect, or inadvertent overdosing that increases the risk of adverse events [39,40,42,43]. Purity failures 

introduce structurally related impurities that can be immunogenic, pharmacologically active at 

unintended receptors, or toxic at low concentrations, none of which the patient or their provider is 

aware of [7,50]. These risks are compounded by the fact that gray market peptides are typically 

obtained without a formal clinical encounter, administered without medical supervision, and used 

in the absence of any pharmacovigilance infrastructure that would capture or report adverse events 

[2,10,11]. The findings of this study therefore suggest that a substantial proportion of patients using 

gray market peptides are exposed to safety risks that are invisible to them, unquantified by the 

healthcare system, and unaddressed by current regulatory oversight [2,51]. The failure modes 

differed meaningfully between peptide classes. TB-500, CJC-1295, sermorelin, and tesamorelin had 

the highest rates of dual failure, while dosing inaccuracy was the dominant quality deficit across the 

dataset as a whole. Additionally, the absence of a relationship between purity and endotoxin burden 
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is clinically important, because chromatographic purity does not predict microbial or pyrogenic 

contamination, with many samples >99.5% purity having potentially concerning levels of endotoxin. 

Inter-vendor variability in measured abundance and purity was substantial among the five most 

represented peptide classes, indicating that quality differences are not inherent properties of a given 

peptide class alone but are also meaningfully driven by the manufacturer producing the preparation. 

When vendor-level performance was examined across the top 20 vendors by sample volume, which 

collectively accounted for nearly half of all samples in the dataset, the distribution was heterogeneous 

with some vendors consistently producing samples within acceptable quality thresholds across 

multiple peptide classes and others falling outside one or both criteria regardless of which peptide 

they produced. The data suggest that in the gray market peptide supply chain, the manufacturer is 

as important a determinant of quality as the compound itself, and that quality is not uniformly 

distributed across vendors. In a regulated pharmaceutical environment, this problem is addressed 

through facility inspections, validated manufacturing processes, and mandatory batch release testing 

[4,5,8], none of which exist in the gray market context. The result is a supply chain in which product 

quality is largely opaque to the end user, and in which the absence of regulatory infrastructure means 

there is no reliable mechanism by which a patient can verify, in advance, that what they are 

purchasing meets any defined standard of safety. 

The quality attributes assessed in this study represent only a small subset of processes typically 

involved in producing peptide drugs (Figure 9). These steps include advanced structural 

characterization, stability studies, structural analysis, aggregation, sterility testing beyond endotoxin, 

immunogenicity, and container evaluations, among others (Figure 9) [4–9]. The lack of many of these 

quality control processes matters because failure rates can compound across quality steps. If 41.6% to 

71.1% of samples fail even the basic purity and abundance criteria evaluated here, adding the 

cumulative failure probability across additional testing would almost certainly increase the overall 

proportion of samples that would fail a standard safety assessment [13]. Published analyses of seized 

and illicitly purchased peptide preparations have identified heavy metal contamination, residual 

synthesis reagents, incorrect peptide sequences, and complete absence of the stated active ingredient, 

none of which are captured by purity and abundance testing alone [8,52]. The combined safety 

findings in this study underscore the need for clinicians to proactively discuss the quality and safety 

risks of gray market peptides with patients, and to recognize that a certificate of analysis from a third-

party testing platform, while a step toward transparency, does not constitute a guarantee of 

pharmaceutical-grade safety for an injectable preparation.  

The cost analysis provides important context for understanding why the gray market persists 

despite these quality concerns. Across various therapeutic areas, companies that sell illegal, 

counterfeit or unapproved drug products attract consumer business due to a combination of lower 

prices and ease of accessibility [53]. In this study, expressed as cost per milligram, gray market 

peptides were consistently the least expensive across all four compounds analyzed, which translated 

into dramatic disparities in the total cost of a clinically relevant treatment course. For PT-141, the 

median cost of a 24-week treatment course was $122 for gray market preparations, compared with 

$266 for compounded 503A formulations and $4819 for the FDA-approved product, resulting in a 39-

fold difference between the gray market and the manufactured drug. For semaglutide, the cost of a 

68-week treatment course that resulted in a 14.9% reduction in body weight in clinical trials [32] was 

$973 for gray market peptides, compared with $5004 for compounded preparations and $5633 for 

FDA-approved Wegovy at cash-pay pricing. With N=1 for the FDA-approved drug pricing, we 

cannot make direct statistical inferences, but in a descriptive context the FDA approved version of 

semaglutide was nearly 500% more expensive than the compounded peptide. The cost of a 72-week 

treatment course of tirzepatide that was previously shown to reduce body weight by 20.9% [33] was 

$4561, compared with $7882 for FDA-approved Zepbound at cash-pay pricing. While less of a 

difference than semaglutide, in a descriptive context the FDA-approved version of tirzepatide was 

still 73% more expensive than the gray market peptide. Interestingly, descriptively the compounded 

version of tirzepatide was 37% more expensive than the FDA-approved version. These are not trivial 
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differences for patients paying out of pocket, and they are occurring in a therapeutic landscape where 

demand for GLP-1 receptor agonists and related peptides has grown enormously, insurance coverage 

remains inconsistent, and the out-of-pocket cost of FDA approved versions of medications remains 

high [54]. The price differential does not simply reflect the cost of regulatory compliance, it also 

reflects the absence of the facility inspections, validated manufacturing processes, stability testing, 

and comprehensive quality assurance infrastructure that underpin consistent product quality in 

regulated pharmaceutical manufacturing. With the ability to purchase gray market peptides by 

simply clicking through a website, it is likely that both price and accessibility play a role in consumer 

consumption of gray market peptides. Price and safety are also items for providers to consider when 

discussing the use of 503A compounded medications versus FDA approved versions. 

 

Figure 9. Common steps in producing FDA-approved peptide medications. Ten steps often used to produce an 

FDA-approved peptide drug product are shown, from initial synthesis and purification through drug substance 

characterization, advanced structural analysis, formulation development, container closure evaluation, sterility 

and endotoxin testing, stability evaluation, manufacturing controls, and final batch release. Items in bold were 

assessed in the current dataset: purity and identity confirmation (Step 3) and bacterial endotoxins (Step 7). This 

figure is intended as a conceptual summary of the broader quality framework typically applied to regulated 

peptide drug products and does not represent an exhaustive or product invariant release pathway. 

Several limitations of this study warrant discussion. First, the Finnrick Analytics dataset is not a 

random or representative sample of the gray market peptide supply. Samples are submitted 

voluntarily by consumers and vendors, which introduces selection bias. Companies confident in their 

product quality may be more likely to submit samples, and poor-performing batches may be 

systematically underrepresented. Second, endotoxin data were available for less than 4% of samples, 

which substantially limits the conclusions that can be drawn about the prevalence of pyrogenic 

contamination across the broader dataset. Third, the quality acceptance thresholds applied in this 

study, while grounded in pharmaceutical guidance documents and peer-reviewed literature, do not 

correspond to formally codified specifications for any specific product, and are not regulatory 

determinations. Fourth, pricing data for gray market and compounded peptides were obtained from 

publicly available price comparison websites and pharmacy searches at a single point in time, and 

prices are subject to market volatility. Finally, this study evaluated only purity, abundance, and 

endotoxin, which are three of the many quality attributes that would be required for a complete 

pharmaceutical assessment. The absence of data on sterility, residual solvents, particulate matter, 
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stability, and structural integrity means that the failure rates reported here should be understood as 

a lower bound on the true quality deficit in this supply chain. 

The gray market peptide industry has grown substantially in a short period of time, driven by 

social media promotion, direct-to-consumer marketing, and a genuine unmet demand for effective 

treatments for obesity, metabolic disease, and tissue repair [2,10]. While gray market peptide 

companies often refer to themselves as selling compounds for “research purposes” with vials labeled 

“not for human consumption” [2,10] , in reality, they are selling potentially dangerous compounds 

to consumers with no bona fide research interests. Illicit online pharmacies are defined as “websites 

that violate regulations by selling counterfeit, adulterated or unapproved drugs or dispensing 

prescription drugs without a valid prescription” [53], and in applying these standards, gray market 

peptide producers are the equivalent of illicit online pharmacies. Third-party testing platforms like 

Finnrick Analytics have introduced a degree of accountability into an otherwise opaque market, and 

the availability of independent purity and abundance data represents genuine progress. An 

appropriate public health analogy for gray-market peptide testing is the checking of illicit narcotic 

drugs in the community. In both settings, testing functions as a harm-reduction response to an 

established unregulated market characterized by profound information asymmetry between seller 

and buyer [55]. The analogy is not perfect because screening for chemical purity and sterility does 

not identify biological risks of peptide drugs that have never been tested in humans. Indeed, we know 

more about the physiology and pharmacology of cocaine, heroin, methamphetamine, 3,4-

methylenedioxymethamphetamine (MDMA), and fentanyl in humans than we do for BPC-157 or TB-

500. Consumers, clinicians, and policymakers should understand that a vial of gray market peptide 

that has been independently tested for purity and abundance has cleared only a small fraction of the 

quality hurdles that a regulated pharmaceutical product is required to meet before reaching a patient 

[4–9]. For peptides that have not yet undergone clinical trials, the only way to truly evaluate the safety 

and efficacy of these drugs is to conduct the clinical trials. The data presented here suggest that in the 

gray market peptide industry, as in most things, you get what you pay for. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ACTH  adrenocorticotropic hormone 

ANDA  abbreviated new drug application 

ANOVA  analysis of variance 

BPC-157  body protection compound 157 

CagriSema cagrilintide plus semaglutide 

CJC-1295  peptide CJC-1295 
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DAC  Drug Affinity Complex 

DPP-4  dipeptidyl peptidase 4 

EGF   epidermal growth factor 

EU   endotoxin units 

F-actin  filamentous actin 

FAK   focal adhesion kinase 

FDA  U.S. Food and Drug Administration 

G-actin  globular actin 

GCGR  glucagon receptor 

GH   growth hormone 

GHK-Cu  glycyl-L-histidyl-L-lysine copper 

GHRH  growth hormone-releasing hormone 

GHRHR  growth hormone-releasing hormone receptor 

GHRP-2  growth hormone-releasing peptide 2 

GHRP-6  growth hormone-releasing peptide 6 

GHSR-1a  growth hormone secretagogue receptor 1a 

GI   gastrointestinal 

GIP   glucose-dependent insulinotropic polypeptide 

GIPR  glucose-dependent insulinotropic polypeptide receptor 

GLP-1  glucagon-like peptide 1 

GLP-1R  glucagon-like peptide 1 receptor 

HIV   human immunodeficiency virus 

HPLC  high performance liquid chromatography 

IGF-1  insulin-like growth factor 1 

IQR   interquartile range 

ILK   integrin-linked kinase 

LAL   Limulus amebocyte lysate 

MC3R  melanocortin 3 receptor 

MC4R  melanocortin 4 receptor 

MDMA  3,4-methylenedioxymethamphetamine 

MMP  matrix metalloproteinase 

MMP-1  matrix metalloproteinase 1 

MMP-2  matrix metalloproteinase 2 

NDA  new drug application 

NO   nitric oxide 

PKG   protein kinase G 

PT-141  bremelanotide 

R2   coefficient of determination 

rhGH  recombinant human growth hormone 

TB-500  thymosin beta-4 fragment 17-23 

TIMP  tissue inhibitor of metalloproteinase 

USP   United States Pharmacopeia 

VEGF  vascular endothelial growth factor 

alpha-MSH alpha-melanocyte-stimulating hormone 

cGMP  cyclic guanosine monophosphate 
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