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Abstract: Cancer being a multi-factorial disease, a multi-target approach is needed to treat it with 

minimal side-effects. Therefore, combined use of a proven herbal formula with chemo-therapy 

could be the better therapeutic. It may maintain homeostasis by synergistically targeting multiple 

signaling pathways involved in tumorigenesis, thus circumventing recurrence, resistance, and 

immunosuppression. Here we aim to determine the effectiveness and safety of an FDA-approved 

herbal formula, SR033 in combination with 5-fluorouracil (5FU) and paclitaxel (PTX). We report 

chemo-sensitization and chemo-synergy in HeLa and MCF-7 cell lines, immunomodulation of COX-

2, PD-L1, VEGF and TGFβ and overall survival in-vitro and in-vivo via oral and topical delivery of 

SR033. In-vitro, SR033/5FU significantly reverses 5FU and PTX-resistance, lower COX-2, and PD-

L1, resulting in TGFβ/ VEGF axis modulation. Furthermore, the study suggests that due to anti-

oxidative potential of SR033, oral administration exerts chemo-preventive activity and restores 

cellular compartment in solid tumor and ascites-bearing mice models. Furthermore, the topical 

application, SR033L with low-dose 5FU increases survival rate, reduces tumor growth, and 

completely restores local and peripheral neutrophil-lymphocyte ratio in solid tumor mice model. 

The study indicates that SR033 could be a strong candidate in combination with low-dose 5FU and 

PTX for a holistic approach to cancer management. 

Keywords: cancer; 5-fluorouracil; paclitaxel; chemo-preventive; chemo-sensitization; homeostasis 

 

1. Introduction 

Cancer is one of the most common non-communicable diseases and a leading cause of death 

worldwide. Many cancers arise from sustained chronic inflammation resulting in oxidative stress, 

critical for tumor progression in every stage [1,2]. However, effective treatments such as 

chemotherapy also generate free radicals, thereby, increasing inflammation, chemo-resistance, and 

immunosuppression, affecting overall survival and long-term prognosis of the disease [3].  

Vital regulators involved in inflammation include COX-2 which is regulated by oncogenes, pro-

inflammatory cytokines such as TGFβ and growth factors such as VEGF [4]. COX-2 has a promoter 

that displays an NFκB and a cytokine-dependent response element, which is also involved in PD-L1 

expression on tumor cells [5]. PD-L1 is a critical modulator in T cell sweating, as it defends tumor cells 

against triggered T cells and generates immune destruction [6]. Despite the clinical success, 

immunotherapy costs, and associated complications do not meet patients’ compliance [7,8]. 
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Furthermore, the use of corticosteroids can address inflammation; however, the optimal dose and 

efficacy of integrative chemotherapy or immunotherapy, have to be further evaluated.  

5-fluorouracil (5FU) and paclitaxel (PTX) has been used as a first line therapy for treating few 

solid tumors, however, had limited clinical application due to side-effects of high drug doses, low 

drug efficiency and drug-resistance [9–11]. Therefore, low-dose metronomic chemotherapy has been 

used as an alternative for treating some tumors [12] which confers high efficiency, low toxicity and 

reduced drug-resistance in the clinical settings [13,14]. 5FU and PTX in integration with anti-

inflammatory molecules increase drug response [11,15]. 

Therefore, a change in the paradigm for cancer management by incorporating non-toxic, 

validated and efficacious anti-inflammatory modalities can be adopted to achieve a better prognosis 

and a robust treatment plan. According to World Health Organization (WHO) (2019), 88% of Member 

States have acknowledged their use of Traditional Complementary & Alternative Medicines 

(T&CAMs) as an essential inclusion in the treatment protocol for a  better prognosis of the disease 

[16]. Herbal formulations are traditionally employed as adjuncts, CAMs, or integrative medicines to 

combat the adverse effects of chemotherapy. Evidence-based CAMs could illuminate the holistic 

approach in the clinical setting by decreasing oxidative stress and counteracting drug resistance, 

thereby achieving a therapeutic index to treat cancer without compromising the quality of life, and 

maintaining homeostasis [17–20]. 

However, this field is mired with constant assertions that natural products are safe and can be 

prescribed without serious consideration of the extent of the disease as they are not expected to play 

a pivotal role in the treatment [21]. Further, it has been exploited by several commercial entities to 

proclaim baseless claims.  

Therefore, modern clinical practitioners might find it hard to rationalize its efficacy and fail to 

incorporate this approach in their treatment protocols. In this study, we aim to overcome the side-

effects of chemo-drugs by integrating a herbal formulation, SR033 as an attempt to bridge the gap 

between traditional and modern approaches. In our study, we hypothesized SR033 as a chemo-

protective, chemo-sensitizer, and an integrative adjunct with chemotherapy against cancer.  

2. Results 

2.1. Quality Assessment and Safety of SR033 

NMR is considered one of the gold standard methods for the fingerprinting of novel compounds. 

NMR chromatogram of the water decoction of SR033 was obtained from its two different batches and 

found similar (Figure 1.A), which suggested no batch-to-batch variation. Therefore, these profiles 

could be considered as a quality control parameter of the herbal extract. Additionally, to determine 

the presence of two major active components of SR033 decoction, curcumin, and EGCG, HPLC was 

performed. Furthermore, to compare the peaks, we prepared standard curves using different 

concentrations of curcumin and EGCG standards at 420 and 280 nm, respectively. We found that the 

HPLC profile of SR033 showed a peak at 11.326 min and 3.109 min corresponding to curcumin and 

EGCG, respectively at their respective wavelengths (Figure S1a). We also estimated their 

concentrations and interestingly, we confirmed the presence of 15 ng/mL curcumin and 76 µg/mL 

EGCG in the plasma of mice treated with SR033 decoction (Figure S1b). 

To take it forward, it was important to assess the safety of SR033, thereby identifying its 

maximum tolerable dose. Thus, we performed the acute toxicity test according to the OECD guideline 

425 (OECD., 2001), wherein healthy mice were administered with graded single doses of SR033 

decoction for 14 days. We did not observe any lethality or mortality during and after 14 days of 

administration, up to the maximum dose of 5000 mg SR033/Kg. Therefore, 1/10th, high dose of SR033 

(HDS) and 1/20th, low dose of SR033 (LDS) of the maximum tolerable dose were considered as optimal 

doses for in-vivo studies (Table S2). Additionally, we analyzed H&E-stained liver sections of healthy 

mice treated with HDS. Liver histology showed normal central vein, predominant cords, and a 

regular sinusoidal region similar to untreated healthy mice liver (Figure 1B). Therefore, the data 

suggest high dose of SR033 is safe in terms of mortality and liver toxicity.  
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Figure 1. Quality and safety of SR033. A. NMR profiles of SR033 decoction were obtained from two 

different batches (Batch I and II) in powder form. B. Representational image of liver sections (N=6) of 

healthy control and SR033 treated group stained with Hematoxylin and Eosin (20X). NMR: nuclear 

magnetic resonance, SR033: oral herbal extract, CV: central vein, PV: portal vein, HP: hepatic portal. 

2.2. SR033 Prevents and Reduces Tumor Formation, and Improves Life Span in 5FU Treated EAC Tumor 

Mice Models by Maintaining Homeostasis 

Herbal formulae are known to be used in disease risk reduction and as an immune modulator. 

Since SR033 is non-toxic and consists of well-established anti-oxidative components, we were 

interested in determining its role in reducing the incidence, recurrence, and severity of cancer. To 

determine the chemo-preventive facet of SR033, we studied Ehrlich Ascites Carcinoma (EAC) 

implanted at breast site (solid tumor) and peritoneum region (ascites). In prophylactic models, LDS 

and HDS (200µL/ day/ mice) were administered orally to respective mice for 15 days before tumor 

induction. After 30 days of tumor induction, we confirmed that SR033 inhibits tumor growth at both 

sites (Table 1; Figure S2).  

Table 1. The table depicts tumor size (cm)/ tumor volume (mL), mean survival time, WBC, and RBC 

in tumor-bearing mice models at breast (solid tumor) and peritoneum (non-solid tumor) sites. The 

tumor was prevented (prophylactic) and treated (therapeutic) with SR033. Values are expressed as 

mean ± SEM, N=6, *** signifies p<0.001 w.r.t. T group and ### signifies p<0.001 w.r.t. healthy group. 
 

Groups Breast site Peritoneum site (Ascites) 

Prophylactic Therapeutic Prophylactic  Therapeutic 

Tumor size 

(cm)/ 

volume (mL) 

T1 1.69 ± 0.03### 2.42 ± 0.09### 18.12 ± 0.09### 17.50 ± 0.11### 

T_LDS2 1.21 ± 0.02*** 1.75 ± 0.05*** 16.18 ± 

0.22*** 

13.96 ± 

0.34*** 

T_HDS3 0.75 ± 0.01*** 1.02 ± 0.05*** 11.68 ± 

0.07*** 

09.89 ± 

0.09*** 

T_HDF4 - 0.78 ± 0.03*** - 7.71 ± 0.20*** 

Packed cell 

volume (mL) 

T - - 11.95 ± 0.12### 11.46 ± 0.26### 

T_LDS - - 07.98 ± 

0.09*** 

08.03 ± 

0.14*** 

T_HDS - - 05.22 ± 

0.33*** 

05.06 ± 

0.19*** 

T_HDF - - - 04.65 ± 

0.11*** 

Mean 

survival 

time 

T 15.83±0.30### 17.66±0.21### 
  

T_LDS 20 ±0.44*** 22.83 

±0.30*** 

  

T_HDS 23.16±0.30*** 26.16±0.30*** 
  

T_HDF - 20.66±0.21*** 
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WBC (103 

cells/mL) 

Healthy 9.69 ± 0.13 9.32 ± 0.06 9.59 ± 0.18 9.32 ± 0.06 

T 19.56 ± 0.26### 21.21 ± 0.24### 20.41± 0.41### 21.34 ± 0.47### 

T_LDS 17.75 ± 

0.11*** 

16.61 ± 

0.24*** 

18.87 ± 

0.21*** 

19.07 ± 

0.14*** 

T_HDS 15.44 ± 

0.12*** 

14.34 ± 

0.18*** 

16.27 ± 

0.21*** 

15.97 ± 

0.15*** 

T_HDF - 18.26 ± 

0.27*** 

- 18.20 ± 

0.16*** 

RBC (106 

cells/mL) 

Healthy 10.67 ± 0.11 10.51 ± 0.20 10.46 ± 0.22 10.51 ± 0.20 

T 4.11 ± 0.16### 3.94 ± 0.21### 4.01 ± 0.12### 3.84 ± 0.06### 

T_LDS 5.23 ± 0.11*** 5.44 ± 0.16*** 4.40 ± 0.18*** 5.32 ± 0.08*** 

T_HDS 6.34 ± 0.20*** 6.95 ± 0.08*** 5.98 ± 0.09*** 7.08 ± 0.31*** 

T_HDF - 5.83 ± 0.08*** - 5.45 ± 0.12*** 

1Tumor-bearing mice; 2Tumor-bearing mice treated with low dose SR033; 3Tumor-bearing mice 

treated with high dose SR033; 4Tumor-bearing mice treated with high dose 5-Fluorouracil. 

The limit in solid tumor size by HDS was comparable to the therapeutic high dose of 5FU (HDF), 

moreover, arrest in ascites growth was not significant. Paradoxically, reduction in solid tumor growth 

was prominent by both P&T effects of HDS, unlikely to the effects observed on ascites volume, where 

therapeutic HDS effect was more effective than the prophylactic and was correlative to therapeutic 

HDF. However, no such difference was notable in packed cell volume of both the ascites models as 

well in 5FU group. Consistent with the role, HDS treatment of solid tumor showed a similar mean 

survival time as assessed in its prophylactic model, moreover, was higher than that in HDF group.  

Cancer is often associated with leucocytosis which may be a marker of an underlying process 

such as inflammation and aggressive malignancy which is prominent in advanced stages and anemia 

is also associated with cancer progression. Therefore, we performed total blood count using the whole 

blood of the surviving mice in each group. We observed a dose-dependent decrease in WBC level, 

furthermore, following earlier trend, HDS effects on both the solid tumor and ascites models were 

more competent than 5FU treatment (Table 1; Figure S2). Similarly, we observed that treatment with 

HDS increases RBCs in both tumor models. Interestingly, opposite to the dose dependent trend in 

solid and ascites tumors, there was no notable difference in WBC and RBC levels of P&T effects on 

tumor models. Therefore, the data suggest that SR033 acts in a dose-dependent manner, and due to 

the severity of ascites and the degree of its progression, SR033 was comparatively effective in solid 

tumor growth prevention. SR033 also preserved the hematological system in a dose-dependent 

manner (Table 1; Figure S2), irrespective of the tumor site, indicating SR033 reaches bloodstream 

and has potential to modulate at molecular level. After the termination of the study, we performed 

liver histology using H&E stain and observed mild inflammatory infiltration (IF), irregular 

perisinusoidal cells and hepatocytes, and shrunken sinusoids (S) in the untreated tumor group (T). 

Furthermore, we confirmed that SR033 restores hepatocytes and sinusoidal regions, however, mild 

inflammation was also present (Figure S3). These results suggest SR033 is a promising T&CM 

candidate as it decreases tumor size and improves survival in cancer models while preserving 

homeostasis. 

2.3. Integrative Approach: SR033 with Chemo-Drugs Prevents Chemo-Induced Inflammation, Acts 

Synergistically, Improves Survival, and Overcomes Drug Resistance 

As 5FU modulated blood cell counts and decreased survival, it led us to determine the effect of 

5FU on the generation of free radicals and whether anti-oxidative SR033 decoction counteracts it. We 

investigated percent free radicals by performing SOD assay of the plasma isolated from various 

treated and untreated groups of therapeutic solid tumor mice model (Figure 2A). We noted that 
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though HDF significantly increases free radical generation, SR033 significantly helped in balancing 

percent free radicals along with high and low doses of 5FU (HDF and LDF). Interestingly, untreated 

tumor group generated negligible amount of free radicals. Moreover, the percent free radical with 

SR033/LDF treatment was similar to the healthy groups. To investigate the downstream effects of 

5FU-generated free radicals, we also evaluated the effect of 5FU on inflammatory molecular markers 

viz. COX-2 transcript, and VEGF and TGFβ protein levels in MCF-7. We noticed a strong correlation 

between these markers, moreover, 5FU significantly induces COX-2 transcript (Figure 2B) and VEGF 

and TGFβ protein expression in a time-dependent manner (Figure 2C-D). 5FU induced 77% higher 

COX-2 at 48 h than at 24 h which was comparable to the effect of PMA (positive control). Additionally, 

as expected, SR033 prominently decreased the respective molecular markers in a time-dependent 

manner.  

 

Figure 2. Integrative and synergistic approach for cancer treatment using SR033, SR033L, and 5FU. 

A. Effect of SR033 with 5FU on percent free radicals, B, C, D. Representative graph and gel image 

showed 5FU induced COX-2, TGFβ, and VEGF at transcription level in MCF-7 and was inhibited by 

SR033 in a time-dependent manner. Mean±SD (N=3) was shown and *p<0.05 was considered 

significant. In-vivo studies showed E. SR033L in combination with LDF decreases tumor size (cm2) of 

survived mice similarly as with HDF, F. Kaplan-Meier curve suggested an improvement in survival 

percentage with SR033L, irrespective of the 5FU dose, G. WBC (103 /cumm) H. and RBC (mil /cumm) 

levels were also restored with SR033L/ LDF. Mean±SEM (N=6), ***P<0.001 in the groups treated with 

SR033L when compared with 5FU treated groups. SR033: an oral herbal formulation, SR033L: a 

topical herbal formulation, 5FU: 5-fluorouracil, COX-2: cyclo-oxygenase-2 mRNA, TGFβ: 

transforming growth factor β, VEGF: vascular endothelial growth factor, LDF: low dose of 5-

fluorouracil, HDF: high dose of 5-fluorouracil, WBC: white blood cells, RBC: red blood cells. 

Since the collaborative effect of SR033 and 5FU represent synergy, we investigated this 

combination for three main impacting factors on cancer treatment: tumor size, survival and 

hematological parameters in EAC implanted solid tumor at hind region of mice. The tumor was 

grown for 10 days and then treated with SR033L (400µL/ day/ mice) with and without LDF and HDF. 

After 30 days of treatment, as expected, SR033L failed to reduce tumor size, however, SR033L/LDF 
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and HDF indicated a noteworthy decrease in tumor size when compared to SR033L alone (Figure 

2E). Comparatively, both the 5FU doses showed uniformity in tumor reduction with SR033L, which 

suggests the use of low-dose chemo-drugs with SR033 as efficacious as LD50, with no toxicity. 

Similarly, both the combinations showed the best survival outcomes with a significant 13.3% increase, 

irrespective of 5FU dose (Figure 2F). Similar to oral SR033, SR033L/LDF also restored hematopoietic 

system by decreasing total WBCs (Figure 2G) and increasing RBCs (Figure 2H). However, there was 

no evident effect of LDF on hematological parameters, likely due to its limited efficacy and toxicity. 

Furthermore, we assessed the effect of SR033L on inflammation and necrotic and mitotic cells in the 

tumor microenvironment. The eosin-stained tumor sections showed recovery with the presence of 

mixed lymphocytic cells. They showed fewer mitotic cells (Table 2), unlike the tumor sections 

obtained from untreated EAC control (T). Group T_SR033L showed necrotic replacement of the 

tumor mass in all animals, although 3/5 (1 animal eliminated from the group due to mortality during 

the experimental period) showed complete replacement of tumor mass with necrotic lesions. 

Inflammation was observed around viable portions of the tumor mass (Figure 3A).  

Table 2. Report of number of survivors, percentage of viable tumor, necrotic, apoptotic, and immune 

cells in the tumor biopsy of EAC induced tumor model in response to SR033L with and without 5-FU 

as compared with tumor. 

Groups No. of 

living 

animals 

(out of 6) 

Viable 

tumor 

cells 

(%) 

Necrotic 

cells (%) 

Apoptotic 

cells (%) 

Remarks 

T1 2 20-25% 75-80% 25-30% Mild TILS2 

T_SR033L3 5 0-30% 70-100% - No TILS, presence of Foamy 

cells. The tumor was replaced 

by mixed inflammation on 

the surface 

T_SR033L 

+ LDF4 

4 20-30% 30-50% 10-30% Presence of mixed 

inflammation around the 

tumor 

T_SR033L 

+ HDF5 

4 10-25% 80-90% 20-35%  No TILS, presence of Foamy 

cells at margin, one lobe was 

replaced by inflammation 

T_HDF6 3 10-20% 90-100% 20-30% No inflammation or Foamy 

cells present 
1Tumor bearing mice; 2Tumor infiltrating lymphocytes; 3Tumor-bearing mice treated with SR033L; 
4Tumor-bearing mice treated with SR033L and low dose of 5-Fluorouracil; 5Tumor-bearing mice 

treated with SR033L and high dose of 5-Fluorouracil; 6Tumor-bearing mice treated with high dose of 

5-Fluorouracil. 
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Figure 3. Synergy of SR033/5FU and SR033/PTX. Left panel: A. Hematoxylin and Eosin-stained 

tumor biopsy of T (untreated) and SR033L treated tumor-bearing mice (N=6/ group), where dark 

stained dot-like structures are viable tumor cells (as shown by the yellow arrow at left) and the 

accumulation of mixed lymphocytic cells in the SR033 treated group (as indicated by white arrows at 

right) (20X). Right panel: 5FU-resistant HeLa-R and MCF-7-R showed cross-resistance to PTX, which 

were chemo-sensitized by SR033 with a synergistic effect. MTT assay was performed on HeLa-R using 

SR033 at its EC50 from HeLa in combination with lower concentrations of B. 5FU and C. PTX and 

similarly performed on MCF-7-R integrating various low concentrations of D. 5FU and E. PTX. The 

data represents mean±SD (N=3) and ***p<0.001. 5FU: 5-fluorouracil, PTX: paclitaxel, T: untreated 

tumor, SR033L: topical application of herbal formulation, SR033: an oral herbal formulation, HeLa-R 

and MCF-R: 5-fluorouracil resistant HeLa and MCF-7 cells. 

In the line, we also noticed that longer exposure to chemo-drugs such as 5FU and PTX led to 

resistance with the DRI of 2.5×103 and 2.27 on HeLa-R and 2.76 and 8.82 on MCF-7-R cells, 

respectively (Figure S4). We found that respective EC50 of SR033 achieves 2.5×103- and 79-fold DRR 

of HeLa-R and 6.93- and 17.3-fold DRR of MCF-7-R to 5FU and PTX, respectively. In addition, when 

EC50 of SR033 with various lower concentrations of 5FU or PTX was added to resistant cells, the 

inhibitory effect enhanced when compared with the drug counterparts alone. These findings indicate 

that SR033 synergizes with even the modest concentrations of 5FU and PTX to enhance the inhibitory 

effect by 80% and 88% in HeLa-R (Figure 3B and 3C) and 60% and 57% in MCF-7-R cells (Figure 3D 

and 3E), respectively and also prevents chronic inflammation, chemo-resistance, vascularization, and 

tumor progression. 

2.4. SR033 Restores Immune Status during Chemotherapy 

Given that SR033 alone and in combination with chemo-drug preserves hematological 

parameters, improves survival, and also acts synergistically, we sought to determine whether it 

preserves neutrophil-to-lymphocyte ratio (NLR) in tumor mice models. Mice with the solid tumor at 

hind region were treated with different doses of 5FU with and without SR033L. When treated with 

SR033L/LDF and SR033L alone, NLR was strikingly reduced by 96.6 % (Figure 4A) which was 

comparative to healthy group, supporting earlier survival response and the trend obtained for 

hematological parameters. Moreover, SR033L/HDF failed to decrease NLR in tumor-bearing mice 

models. 

As SR033 is acting on lymphocytes, there is a high chance of it acting on markers associated with 

T cells in tumor progression. An immune marker, PD-L1 expression on tumor cells inhibits T cell 

response, therefore, we were interested to investigate the effect of SR033 on PD-L1 expression by 
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tumor cells. We noticed that upon IFNγ stimulation, PD-L1 induces in PC3 cells (C) and SR033 

represses up to 76.9% of the up-regulated PD-L1 (Figure 4B), supporting the notion that the 

combination of SR033 with or without low dose chemo-drug, immuno-modulates to maintain 

homeostasis. 

 

Figure 4. Restoration of immune status by SR033. A. Neutrophil and Lymphocyte ratio (NLR) in 

EAC-bearing mice were restored by SR033L alone and with LDF (N=6; mean±SEM). B. Representation 

of graph and gel showing inhibition of IFNγ induced PD-L1 transcription by SR033 in MCF-7 (N=3; 

mean±SD). The data represents significance (P<0.001) was depicted as ‘###’ and ‘***’. IFN γ: interferon 

γ, SR033L: a topical herbal formulation, LDF: low dose of 5-fluorouracil, PD-L1: programmed death-

ligand 1 mRNA, SR033: an oral herbal formulation. 

3. Discussion 

Inflammation acts as a double-edged sword, which plays an essential role in tumorigenesis, 

building a pro-tumorigenic micro-environment and in tumor therapy [36,37]. 5FU and PTX are 

effective and commonly used chemo-drugs, however, their side effects limit their dose and the 

concern of chemo-resistance restricts the use of several classes of drugs simultaneously which 

hampers the entire clinical outcome [4,38]. There is mounting evidence that chemotherapy induces 

inflammation via NFkB pathways leading to COX-2 induction [4,38]. These issues should be 

alongside addressed by T&CM, which could further improve the chemotherapeutic regimen. 

Our study established 5FU-resistant HeLa-R and MCF-7-R cell lines which showed cross-

resistance to PTX with a higher DRI than previously reported [39–42]. Higher DRI is impactful to test 

the effectiveness of chemo-sensitizing compounds and DRR. Our study observed that SR033 along 

with 5FU and PTX achieve remarkable 80% inhibition of chemo-resistant cells by sensitizing them to 

5FU and PTX and acting synergistically which allowed achieving IC50 at a very minimal concentration 

of 5FU and PTX (Figure 3B-E). Taken together, we found that even a modest concentration of 5FU 

and PTX can synergize with SR033 to accelerate resistant cell inhibition and DRR, which is 

significantly higher than that reported earlier [30]. The DRR property of SR033 could be attributed to 

its anti-oxidant property, indicating that SR033 synergizes with 5FU and PTX to preserve homeostasis 

of the body while improving the efficacy of the drug for cancer treatment. The outcomes also 

correspond with in-vivo data supporting the integrative approach using LDF with SR033.  

We undertook in-vivo experiments to further investigate the safety (Table S2), chemo-

preventive, anti-tumoral, and immunomodulatory properties of SR033.  

We also explored the integrative approach to treat solid tumor using topical SR033L/LDF and 

compared it with SR033L/HDF (Figure 2E-H). To the best of our knowledge, this is among a few in-

vivo studies, integrating topical herbal formulation for treating a superficial tumor. Although 

effective, chemotherapy produces free radicals, imbalances homeostasis thus decline survival in 

cancer patients [3,36,43], therefore, mitigating free radical production and suppressing the 

downstream pathways is of prime importance. We found that SR033 overcome the free radicals 

generated by HDF and LDF (Figure 2A). SR033L act synergistically to improve the efficacy of 5FU, 
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survival, and the hallmarks of homeostasis. Although the tumor area was reduced significantly by 

HDF; nevertheless, it was reduced by 35% with SR033L/LDF. Overall, the results indicate that LDF 

which is an ineffective non-toxic dose; with SR033, proved efficient and competent. Therefore, a 

validated herbal formula in combination with chemo-drugs could be highly potent holistic medicine 

and might provide a new approach to cancer management and treatment. 

A better way to overcome the limitation of oral route delivery (as discussed above) is to maintain 

a constant plasma level by regular consumption of these herbal compounds. However, as suggested 

by the HPLC profiles, it was intriguing to know that the regular intake of SR033 builds plasma levels 

of curcumin and EGCG up to their effective concentrations in mice. Besides, cytoprotective and anti-

oxidant properties, oral SR033 can render protection as a neutraceutical, as documented in our in-

vivo studies where we demonstrated the first scientific evidence that a herbal formula consists of 

curcumin and EGCG holds disease risk reduction. SR033 studies demonstrated a significant increase 

in MST, moreover, prevented, and decreased tumor growth in mice models (Table 1, Figure S2). 

Prophylactic LDS and HDS significantly increased MST by 20.85 % and 31.65 %, respectively in solid 

tumor. Our finding of exploring SR033 was not limited to solid tumor, but ascites also. Paradoxically, 

the P&T effects of SR033 were more prominent on the solid tumor size than the ascites volume, which 

could be due to the differences in their histology and also the limited duration of the experiment. 

Furthermore, this is supported by no notable difference in the actual viable tumor cells, represented 

by the packed cell volume of the two ascites models. WBC and RBC levels were similar in both the 

models and tumor sites. However, topical SR033L significantly reduced WBCs and increased RBCs 

with respect to its oral administration. SR033 treatment also restored the hepatocytes and sinusoidal 

regions, as liver toxicity is a major concern in the chemotherapy regimen (Figure S3). Taken together, 

the data suggest that SR033 could be used as a health booster to prevent cancer as it interacts with 

cellular compartments, reflecting on considering herbal formula as chemo-preventive and also to 

prevent cancer recurrence while maintaining homeostasis. 

5FU and PTX increase inflammation, cell proliferation, and metastasis by secreting 

inflammatory cytokines, including COX-2 (Figure 5) [43]. Combination drug regimen incorporating 

COX-2 inhibitors like niflumic acid and NS-398 effectively decreases its level in cell lines [44,45]. Our 

study found that alike PMA, 5FU also induces COX-2 expression in a time-dependent manner which 

was significantly decreased by SR033 (1.7 and 2.27 folds, respectively) in MCF-7 (Figure 2B), 

suggesting SR033 as a COX-2 inhibitor. 

COX-2 is correlated with poor cancer prognosis and induces VEGF by a positive feedback loop 

[4,46,47]. VEGF is an angiogenic factor required for neo-vascularization in tissues. Co-treatment of 

SR033 with 5FU resulted in 22% decrease in VEGF levels by 48 h as opposed to 72.5% by 24 h in MCF-

7 (Figure 2C). This trend was remarked in COX-2 mRNA levels also (68% and 36.2% decrease at 24 h 

and 48 h, respectively). Lesser reduction of 5FU induced COX-2 and VEGF mRNA at 48h could be 

due to increased stabilization by HuR protein which is required for their mRNA stability, therefore, 

helps sustain their expression for a longer period [48]. The other reason is the low half-life of SR033, 

as reflected in our preliminary stability experiments (not shown), where the activity (EC50 value) of 

SR033 decreases by 48 h. To address the half-life issue of SR033, we exposed MCF-7 to 5FU for 48 h 

and SR033 for last 24 h and observed that SR033 decreases VEGF and COX-2 gene expression levels 

significantly as compared to their respective controls. 

Furthermore, a pleiotropic cytokine, TGFβ induces and synergistically enhances COX-2 

expression through COX-2 mRNA stability mechanisms [4,49]. There is evidence of high TGFβ and 

VEGF secretion by tumor cells, and there are few reports on Chinese traditional medicines to show 

VEGF/TGFβ axis reduction [50,51]. In the present study, TGFβ levels in MCF-7 follow the same trend 

as VEGF and COX-2 (Figure 2B-D). Our study showed no significant increase in TGFβ levels by 5FU 

at 48 h, although a slight decrease is observed at 24 h, which could be due to intrinsic factors and 

saturation of TGFβ levels. However, treatment with SR033 showed a significant decrease in 

inflammatory and angiogenic markers, indicating a strong correlation with TGFβ/VEGF axis. Thus, 

considering it as a suitable candidate for CAM and would be among a very few validated herbal 

formulations used as CAM in Indian Medicinal System for cancer management (Figure 5). 
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Figure 5. Illustration of mechanistic action of SR033. Reactive oxygen species (ROS) induces 

inflammation which furthermore activates nuclear factor-kappa β (NFĸβ). Cyclo-oxygenase-2 (COX-

2) is produced as a result of a feedback loop formed by prostaglandin (PGE2) production from 

arachidonic acid (AA) via the NFĸβ pathway. PGE2 also activates β-catenin pathway which further 

produces COX-2, vascular endothelial growth factor (VEGF), and is responsible for drug resistance in 

cancer. NFĸβ pathway also activates transforming growth factor β (TGFβ) gene which in turn induces 

β-catenin pathway, COX-2, and VEGF. T cells produce interferon γ (IFNγ) which induces 

programmed death ligand-1 (PD-L1) gene via JAK-STAT pathway in cancer cells, which leads to T 

cell exhaustion and tumor bypass from immune surveillance due to the expression of programmed 

death 1 receptor (PD-1R) on T cells. These molecules are highly responsible for epithelial to 

mesenchymal transition (EMT) of tumor cells and its invasion in other areas through angiogenesis. 

SR033 proved to inhibit (red arrows) ROS-induced inflammation, thereby inhibiting COX-2 mRNA, 

VEGF, and TGFβ accumulation and reversing drug resistance. Inhibition of PD-L1 mRNA by SR033 

could restore immune status. SR033: novel herbal formula, DNA: deoxyribonucleic acid. 

COX-2 is also involved in modulating PD-L1 on tumor cells, which is a potential marker of 

immune response and is associated with immune evasion [49]. Only 20-40% patients respond to PD-

L1 inhibitors due to resistance and a decrease in targetability and hence the efficacy of the drug 

further reduces in clinical conditions [52,53]. Earlier studies have shown downregulation of IFNγ 

induced PD-L1 by active herbal components in cancer cell lines [54,55]. We observed a significant 

reduction in PD-L1 mRNA expression by SR033 in PC3 (Figure 4B). This is very promising and 

prospective to be used as an adjunct with immunotherapy also, although it necessitates in vivo studies 

to calculate its therapeutic window, with special emphasis on its bioavailability. This CAM approach 

could advance combination treatment protocols with standard chemotherapy or checkpoint 

inhibitors (Figure 5).  

Neutrophils are also involved in tumor progression, which may re-route inflammation in a 

tumor-promoting direction by contributing to angiogenesis and promoting the circulation of the 

tumor cells [56]. In contrast, the presence of lymphocytes in the circulation is associated with better 

chemotherapeutic response. Therefore, we estimated NLR using SR033L to relate the immune status 

and homeostasis in tumor mice model (Figure 4A). For the first time, a herbal formulation restored 

NLR by 96 % and in the line, SR033L with LDF considerably decreased the number of viable tumor 

cells in tumor biopsy (Figure 3A, Table 2).  
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4. Materials and Methods 

2.1. Herbal Formulation 

SR033 is a novel herbal formula composed of five well-established anti-tumor and anti-

inflammatory compounds, such as Curcuma, Syzygium aromaticum, Elettaria cardamomum, 

Camellia sinensis and Cinnamomum verum [22–25]. It is developed by Sri Raghavendra 

Biotechnologies Pvt Ltd., Bangalore which has an FSSAI license and has been registered for patent. 

For in-vitro studies, hot water decoction of SR033 powder was freshly prepared at the concentration 

of 0.2 g/mL and filtered using 0.22 μm sterile filter. For the oral route of delivery (in-vivo), SR033 

decoction was similarly prepared at the concentrations obtained from the acute toxicity test. For the 

topical route of delivery (in-vivo), SR033 was extracted in water, followed by ethanol, and mixed with 

glycerol, camphor, and vegetable starch to form a suitable paste, SR033L (0.12 g SR033 powder/mL 

of paste). 

2.2.1. H-NMR and HPLC 

SR033 decoction from two different batches was prepared, lyophilized, and performed 1H-NMR 

to obtain the spectra/ fingerprint using a Bruker AV400 (BrukerBiospin, Rheinstetten, Germany) 

spectrometer with a cryoprobe at 298 K, relaxation delay and acquisition time of 3s and 4s, 

respectively [26].  

Levels of curcumin and epigallocatechin gallate (EGCG) in hot water decoction of SR033 were 

measured using High-Performance Liquid Chromatography (HPLC) with slight modifications [27]. 

The conditions included a C18 column with 250×4.6 mm dimension and 5 µm pore size; and a mobile 

phase constituting 1% orthophosphoric acid: methanol (50:50). The injection volume of 20 µL was 

run for 15 min at 425 nm and for 5 min at 280 nm to determine curcumin and EGCG, respectively. 

Chromatographic peaks in SR033 were identified by corresponding to the retention time of curcumin 

and EGCG standards. Furthermore, to detect the components in mice plasma, the mobile phase for 

EGCG was changed to water: acetonitrile: methanol: ethyl acetate: glacial acetic acid (89:6:1:3:1) and 

run for 15 min at 280 nm. 

2.3. Cell Lines 

Human cancer cell lines, including cervical (HeLa), breast (MCF-7), and prostate (PC3), were 

obtained from NCCS, Pune. Cells were maintained in DMEM/F-12 supplemented with 10 % FBS 

(Gibco) and 1 % penicillin/ streptomycin (HiMedia) in a humidified incubator at 37˚C with 5% CO2. 

Passage numbers ranging from 5-7 were used for performing at least three independent in-vitro 

experiments. 

2.3.1. Development of Resistant Cell Lines 

Stably resistant cells to 5-Fluorouracil (5FU) were developed as described earlier [28,29] with 

slight modifications. HeLa and MCF-7 were gradually exposed to increasing concentrations of 5FU 

and maintained at their 50% inhibitory concentration (IC50), i.e., 2 µg/mL and 9.4 µg/mL to select 

surviving resistant cells, named HeLa-R and MCF-7-R, respectively.  

2.3.2. In-Vitro Groups 

PC3 cell line (prostate cancer) is one of the cell lines to determine the expression of CD274, 

referred as PD-L1. To achieve this, 4×105 PC3 cells were rested for 24 h and were treated under two 

conditions: 10 ng/mL IFNγ alone and co-treatment of 10 ng/mL IFNγ and ½ EC50 of SR033 (0.6 

mg/mL). After 24 h, the cells were used for RNA isolation and PD-L1 gene expression was recorded. 

MCF-7 cell line expresses COX-2 gene and VEGF and TGF β proteins under specific conditions. 

We noticed that COX-2, VEGF, and TGF β was induced with 2 μg/mL (IC50) of 5FU for 24 h and 48 h 

in MCF-7 cell line. To evaluate their modulation by SR033, 24 h resting culture of 4×105 cells was 

treated with different conditions. Cells treated with 5FU were co-treated with ½ EC50 of SR033 (0.6 
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mg/mL) in a time-dependent manner for 24 h and 48 h. In the group, 5FU (48 h)+SR033 (24 h), cells 

were treated with 2 µg /mL of 5FU for 48 h and 0.6 mg/mL SR033 treatment in the last 24 h. The 10 

ng/mL PMA (phorbol myristate acetate) (Thermo Fisher Scientific) was considered a positive control. 

Finally, RNA was isolated from the cells treated with various conditions and COX-2 gene expression 

was recorded. To determine the VEGF and TGF β levels, the supernatant from each culture condition 

was collected and ELISA was performed. 

2.3.3. RNA Semi-Quantitative RT-PCR  

The cells were trypsinized, total RNA was extracted using RNA isolation kit (Quaigen) and 

cDNA was obtained using MuLV cDNA synthesis kit (Invitrogen). Semi-qualitative RT-PCR was 

performed for COX-2 and PD-L1 genes (Table S1). PCR products were analyzed using ImageJ 

software, and the data was normalized to the housekeeping gene, GAPDH, and relative to the 

respective control. The fold change of the normalized target gene mRNA levels was measured. 

2.3.4. ELISA 

The culture medium from each group of the transcriptional study for COX-2 was collected and 

stored at -80˚C until use. Supernatants were thawed, and VEGF and TGFβ protein release was 

estimated using respective ELISA (Ray Biotech) and normalized to the respective protein 

concentration which was estimated by bicinchoninic acid assay (BCA) (Thermo Fisher Scientific).  

2.3.5. Survival Assay 

Drug resistance reversal (DRR) was determined by analyzing cell viability using MTT assay [28] 

with slight modification. Briefly, a single-cell suspension of HeLa-R and MCF-7-R was prepared in 

DMEM/F-12 and allowed to adhere in 96 wells plate (100 µL/well at 2×104 cells/mL). HeLa-R and 

MCF-7-R were treated with EC50 of SR033 (100 µL/ well), i.e., 600 µg/mL and 1250 µg/mL, 

respectively. Concentrations of 5FU used on HeLa-R and MCF-R were (4, 2, 1, 0.5, 0.25, 0.12, 0.06, 

0.03, 0.01) µg/mL and (50, 25, 12.5, 6.25, 3.1, 1.5, 0.78, 0.39) µg/mL, respectively.  Concentrations of 

paclitaxel (PTX) used on HeLa-R and MCF-R were (5.6, 2.8, 1.41, 0.7, 0.35, 0.17, 0.08, 0.04) × 10-3 µg/mL 

and (500, 250, 125, 62.5, 31.25, 12.6, 7.8) × 10-3 µg/mL , respectively. 

Fresh medium with MTT reagent (5 µg/mL, 100 µL for each well) (Sigma) was added to each 

well and incubated for 4 h. DMSO was added to dissolve Formazan crystals, and values were 

measured at OD545. The DRR was calculated according to the following formula: EC50 in blank control 

group/ EC50 in the reversed group [30]. Similarly, both the cell lines were also treated with SR033 and 

different concentrations of PTX. 

2.4. Animals 

The 8-week-old Swiss albino male mice, weighing 20-25 g were obtained from Karnataka College 

of Pharmacy, Bangalore. The proposed experiments were approved by the Institutional Animal 

Ethics Committee (1564/PO/Re/S/11/CPCSEA) and confirmed to CPCSEA and ARRIVE guidelines. 

Six males were randomly assigned to each group and were housed using standard procedures in 

temperature and a humidity-controlled animal facility equipped with ventilated cages with a 12 h 

light / dark cycle. They were provided conventional mouse food and tap water ad libitum. Euthanasia 

was performed by using 40 mg/Kg Pentobarbital sodium (i.p.). 

2.4.1. Acute Toxicity  

The acute toxicity after a single oral dose of SR033 was evaluated according to the OECD 

guideline 425 [31]. A graded dose of SR033 (0, 250, 500, 2000, and 5000 mg/kg) extracted in warm 

drinking water was administered orally to mice (200 μL per mouse) (N=30), respectively and 

mortality was recorded for fifteen days. The results obtained determine the concentrations of SR033 

used for oral studies.  
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2.4.2. Tumor Implantation 

The 2×106 Ehrlich Ascites Carcinoma cells (EAC) within a volume of 200 µL were implanted in 

all animals, and the tumor (T) was grown for 10-days at the breast region (solid tumor) and 

peritoneum (ascites) to study SR033 (oral) (Figure 6A), and at hind region (solid tumor) to study 

SR033L (topical) (Figure 6B). 

 

 

Figure 6. Schematic representation of the work plan in-vivo experiments. Ehlich Ascites cells were 

injected in tumor models to determine the effect of A. oral administration of SR033 decoction 

(prophylactic and therapeutic) and B. topical application of SR033L. 

2.4.3. Oral Administration 

SR033 oral administration was studied in two ways; Prophylactic and Therapeutic (P&T) 

(N=108). Following groups were formed: Group I (Healthy) was on a regular diet, and water (vehicle) 

by oral gavages daily for the entire study duration. Group II (T) EAC bearing mice without treatment, 

served as carcinogen control. Group III (T_HDF) EAC bearing mice received 20 mg/mL 5FU (i.p.) bi-

weekly after tumor induction. Group IV (T_LDS) EAC bearing mice received a low oral daily dose of 

250 mg/Kg SR033. Group V (T_HDS) EAC bearing mice received a high oral daily dose of 500 mg/Kg 

SR033 after tumor induction. Similar groups were formed for both breast site and peritoneum region 

tumor. Unlike therapeutic, in prophylactic model, SR033 was administered with low dose of SR033 

(LDS) and high dose of SR033 (HDS) orally for 15 days before tumor induction (Figure 6A). On 30th 

day of the experiment, tumor size and volume were measured, blood and liver were collected to 

study hematological and histological examination, respectively before euthanizing the animals. Mean 

survival time (MST) was estimated as (day of 1st death + day of last death)/ 2 [32]. 

2.4.4. Topical Application 

Before topical application of SR033L, fur was depilated before tumor induction using a hair 

removal cream (N=48). The area was cleaned using cotton dipped in warm water and SR033L (400 

µL/ mouse, equivalent to 0.048 g SR033) was applied with a syringe and spatula.  

Animals were divided under following scheme: Group I (C) served as a control. Group II (T) 

EAC bearing animals without treatment, served as carcinogen control. Group III (T_SR033L) EAC 

bearing animals received daily SR033L application after tumor induction. Group IV (T_LDF+SR033L) 

and Group V (T_HDF+SR033L) included EAC bearing animals treated bi-weekly with low dose (0.2 

mg/Kg) and high dose (20 mg/Kg) of 5FU i.p., respectively, bi-weekly along with daily SR033L topical 
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application. Group VI (T_HDF) EAC bearing animals received standard 5FU (20 mg/Kg), i.p. bi-

weekly. For all the groups, treatment was started from day 11 of tumor induction for 30 days. On last 

day of the experiment, tumor area, survival proportion, hematological parameters, and differential 

blood count were performed before mice were euthanized and tumor tissue was isolated for analysis 

(Figure 6B).  

2.4.5. Superoxide Dismutase (SOD) Assay 

Plasma isolated from the therapeutic groups of SR033 administration was analyzed for 

antioxidant activity using SOD kit (Cayman Chemical) as described earlier [33,34]. Moreover, the 

data was normalized to controls and is represented as percent free radicals. 

2.4.6. Histopathology 

Liver and tumor tissues were washed with buffered saline, and transferred to 10% neutral 

formalin fixative for 48 h, dissected, and stained using hematoxylin and eosin (H&E) stain as 

described earlier [35]. 

2.5. Statistical Analysis 

GraphPad Prism 8.0 was used to statistically analyze the data using two-tailed t-test for two 

groups and one-way ANOVA followed by Tukey's test for more than three groups. ImageJ software 

was used to analyze the gel images. The Kaplan-Meier curve was used for survival analysis. In-vitro 

experiments were replicated in triplicate. Statistical significance was considered when p<0.05. The 

data were represented as mean±SD for in-vitro and as mean±SEM for in-vivo studies. 

5. Conclusions 

Combination groups of SR033L/ LDF were remarkable in terms of reduction in tumor burden 

and maintaining hallmarks of homeostasis, reiterating the promise of the CAM approach, and paving 

the way to treat superficial tumor. Further studies in clinical trials will hold answers to these 

prospects. Overall, SR033 with LDF, as an integrative approach, could also be examined to prevent 

and treat tumor metastasis and recurrence. Moreover, the integrative studies of SR033 with other 

chemo-drugs are also essential to assess. This study limit to validate the integrative approach in-vivo 

xenotransplantation models. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Figure S1: Chromatographic profiles of SR033 in HPLC; Figure S2: SR033 

prevented and suppressed tumor growth in a dose-dependent manner in-vivo. Figure S3: SR033 restored 

hepatocytes and sinusoidal regions which were compromised in EAC control and LDF treated group. Figure S4: 

Inhibition of growth of HeLa and MCF-7 and their respective resistant counterparts by 5FU and PTX using MTT 

assay; Table S1: Primer sequences with their annealing temperatures used for semi-quantitative RT-PCR; Table 

S2: Data interpretation of acute toxicity test for SR033 (N=6 in each group). 
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