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					ABSTRACT  

					ARTICLE INFO  

					The leaves of Carica papaya and Sauropus androgynus are known to increase breast milk  

					production (lactogenic). This study aimed to determine the lactogenic effect of the combination  

					of leaf extracts from C. papaya and S. androgynus on breast milk production, oxytocin, and  

					prolactin hormone levels. The Wistar rats were divided into 6 groups, each consisting of 4 rats.  

					The groups were as follows: negative control; C. papaya leaf extract (ECP) 72 mg/kg BW; S.  

					androgynus leaf extract (ESA) 81 mg/kg BW; combination of ECP 72 mg/kg BW + ESA 81  

					mg/kgBW; combination of ECP 72 mg/kg BW + ESA 162 mg/kg BW; combination of ECP  

					144 mg/kg BW + ESA 81 mg/kg BW. Treatments commenced from day 3 to day 15 of  

					lactation. Milk production was determined by daily weighing of pup weight changes. Blood  

					oxytocin and prolactin hormone levels were measured using enzyme-linked immunosorbent  

					assay (ELISA) and analyzed using one-way ANOVA. Breast milk production significantly  

					increased in the group receiving the combination of ECP 144 mg/kg BW + ESA 81 mg/kg BW  

					compared to the other treatment groups. After treatment, blood oxytocin and prolactin hormone  

					levels significantly increased in the groups receiving the combination of ECP 144 mg/kg BW +  

					ESA 81 mg/kg BW and ECP 72 mg/kg BW+ESA 81 mg/kg BW compared to the before  
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					treatment (p < 0.05). The combination of C. papaya and S. androgynus leaf extracts enhances  

					breast milk production, oxytocin and prolactin hormones.  
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					Introduction  

					Breast milk production is generated by the mammary glands of  

					women through the process of lactation.1 Breast milk production and  

					release influenced by several hormones include estrogen,  

					progesterone, insulin, glucocorticoids, growth hormone, prolactin,  

					and oxytocin.2 Crucially, breast milk contributes to the physical and  

					mental growth and development of the child. Additionally, breast  

					milk provides protective effects against various diseases, including  

					degenerative diseases.3 Approximately 35% of mothers discontinue  

					exclusive breastfeeding within several weeks postpartum due to  

					perceived inadequate milk supply and dissatisfaction of the baby.4  

					Global statistics on exclusive breastfeeding in 2023 indicate a rate of  

					only 47%. Only 20% of 139 countries achieve exclusive breastfeeding  

					rates exceeding 50%.5 According to the Indonesia Nutrition Status  

					Survey (SSGI), the rate of exclusive breastfeeding has decreased  

					from 48.2% (2021) to 16.7% (2022) (Ministry of Health, 2023).  

					Clearly, the coverage of exclusive breastfeeding in Indonesia falls  

					below the national target of 80%.6  

					Infant suckling movements can influence sensory nerve endings in  

					the nipple, stimulating impulses to the hypothalamus and  

					subsequently to the anterior pituitary gland, which produces prolactin.  

					Prolactin stimulates alveoli to produce milk. Not only does nipple  

					stimulation reach the anterior pituitary gland, but it also reaches the  

					posterior pituitary gland, which produces oxytocin. Through the  

					bloodstream, oxytocin reaches the uterus, causing contractions that  

					squeeze milk from the alveoli into the duct system, leading through  

					lactiferous ducts and finally exiting through the baby's mouth.9  

					The use of lactogenic substances is a solution in the early postpartum  

					period as a booster to stimulate breast milk production. Lactogenic  

					substances are substances considered to support the initiation,  

					continuation, or enhancement of breast milk production.10  

					Domperidone is one of the dopamine antagonists commonly used in  

					many countries (Canada, Australia, and European countries) as a  

					conventional lactogenic because it can increase prolactin levels.11  

					However, domperidone has side effects such as dry mouth, headache,  

					and abdominal cramps.12 Besides domperidone, metoclopramide can  

					also be used with more severe side effects such as tremors,  

					bradykinesia, and other dystonic reactions.13 Therefore, herbal  

					lactogenic substances from natural sources have emerged as a  

					promising alternative with relatively minor side effects, cost effective  

					and easy accessibility.14  

					Prolactin and oxytocin are primary hormones involved in milk  

					production.7 Effective infant suckling optimizes stimulation to the  

					brain, triggering the production of prolactin and oxytocin hormones.8  
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					Marini's research demonstrates the nutritional potential of S.  

					androgynus leaves as a breast milk enhancer, supported by sterol  

					compounds found within them.15 Suprayogi et al.'s study reveals the  

					chemical constituents of S. androgynus leaves as corrective agents for  
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					breast milk and as steroidogenic substances empirically influencing  

					milk formation processes.16 Chemical constituents of papaya leaves  

					(C. papaya L.) include carbohydrates, proteins, amino acids, cardiac  

					glycosides, saponin glycosides, flavonoids, alkaloids, phenolics, and  

					iridoids.17 Phenolic compounds in papaya leaf extracts include  

					protocatechuic acid, coumaric acid, caffeic acid, dimethoxycoumarin,  

					kaempferol, and quercetin.18 The flavonoid content in papaya leaves  

					serves as a natural lactogenic, similar to S. androgynus traditionally  

					consumed as a breast milk booster. In this study, both leaves will be  

					combined with the hope of further stimulating breast milk production.  

					Based on the aforementioned discussion, researchers are encouraged  

					to further investigate the potential lactogenic effects of the  

					combination of C. papaya and S. androgynus extracts on the milk  

					production of lactating Wistar rats, as well as on the hormones that  

					stimulate milk production, namely prolactin and oxytocin.  

					for 1 hour  

					Milk production was measured daily and accumulated from the 3rd to  

					the 15th day postpartum. The pups' weight was measured three times  

					a day: at 07:00 AM (W1), after which the pups were separated from  

					the mother for 4 hours and weighed again at 11:00 AM (W2), and  

					then after being returned to the mother and allowed to nurse for one  

					hour, weighed again at 12:00 PM (W3).  

					Measurement of prolactin and oxytocin levels  

					Oxytocin and prolactin levels were measured by enzyme  

					immunoassay from the blood of lactating Wistar rats, collected before  

					(pre-intervention) and at the end of the treatment (post-intervention).  

					Oxytocin levels were measured using the Rat OT (Oxytocin) ELISA  

					kit (Fine Test batch no. ER1723-96well), and prolactin levels were  

					measured using the Rat Prl (Prolactin) ELISA kit (Fine Test batch no.  

					ER0076-96well).  

					Materials and Methods  

					Statistical Analysis  

					Plant material and identification  

					Data were analyzed using one-way ANOVA to assess the differences  

					in means between groups and significant if p-value < 0.05.  

					Differences in average hormone levels before and after the  

					intervention were analyzed using a paired t-test. Data were evaluated  

					with SPSS.  

					Carica papaya leaves were collected in Yogyakarta, Indonesia, in  

					November 2022. Identification was conducted at the Faculty of  

					Biology, Universitas Gadjah Mada, Indonesia, with specimen number  

					0257/S.Tb./XII/2002. Sauropus androgynus leaves were obtained  

					from the Center for Research and Development of Medicinal Plants  

					and Traditional Medicines (B2P2TOOT) in Tawangmangu, Central  

					Java, with number KM.04.01/2/2071/2022. The plant extraction was  

					performed at the Department of Pharmacology and Therapy, the  

					Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah  

					Mada.  

					Results and Discussion  

					The primary objective of this study was to investigate the lactogenic  

					effect of a combination of herbal extracts from C. papaya and S.  

					androgynous leaves on milk production, oxytocin and prolactin  

					levels in lactating Wistar rats. Herbal substances typically contain  

					numerous active compounds that may interact synergistically,  

					contributing collectively to their effects.20  

					Extraction  

					Carica papaya leaves were dried in an oven at 50°C and were then  

					blended into powder. A total of 200 grams of C. papaya powder was  

					macerated in 1 liter of 70% ethanol. Maceration was carried out for  

					72 hours, during which the extract was filtered every 24 hours using  

					vacuum filtration, and the residue was re-macerated twice with fresh  

					solvent. The filtrates were combined and evaporated at room  

					temperature. The same procedure was applied to S. androgynus  

					leaves.  

					Table 1: Mean of milk production from day 3 to day 15  

					Daily milk production  

					f r o m day 3-15  

					One-  

					way  

					ANOVA  

					No  

					Groups  

					(g/day)  

					2.18  

					SEM  

					0.93  

					1

					2

					3

					4

					5

					Control  

					±

					±

					±

					±

					±

					Animal  

					ECP.72  

					ESA.81  

					2.41  

					2.31  

					7.27  

					6.47  

					1.19  

					1.34  

					4.08  

					3.31  

					The study was conducted in compliance with the guidelines for the  

					care and use of the Medical and Health Research Ethics Committee  

					(MHREC) Faculty of Medicine, Public Health, and Nursing  

					Universitas Gadjah Mada number KE/FK/1639/EC/2022. Lactating  

					white Wistar rats were obtained from the Integrated Research and  

					Testing Laboratory at Universitas Gadjah Mada. These Wistar rats  

					were 6-8 weeks old, with an average body weight of approximately  

					250 grams. The rats were divided into six groups, with each group  

					consisting of four rats. The rats were maintained under a 12/12  

					light-dark cycle, with the temperature set at 25-26°C and humidity at  

					69-70%. They were fed AD II pellets and given water ad libitum. The  

					sample size was calculated using Federer's formula, (n-1)(t-1) ≥ 15,  

					where “n” represents the number of samples per group and “t” is the  

					number of experimental groups. The experimental groups were  

					divided as follows: control group receiving distilled water; ECP 72  

					mg/kg BW; ESA 81 mg/kg BW; combination of ECP 72 mg/kg BW  

					+ ESA 81 mg/kg BW; combination of ECP 72 mg/kg BW + ESA  

					162 mg/kg BW; and combination of ECP 144 mg/kg BW + ESA 81  

					mg/kg BW.  

					0.01  

					ECP.72 ESA.162  

					ECP.144 ESA.81  

					6

					ECP .72 ESA.81  

					3.03  

					±

					0.93  

					Abbreviations:  

					Control  

					ECP  

					ESA  

					ECP.72  

					ESA.81  

					: control group  

					: Carica papaya leaf extract  

					: Sauropus androgynus Extract  

					: group of ECP 72 mg/kg BW  

					: group of ESA 81 mg/kg BW  

					ECP72. ESA.81 : combination group of ECP 72 mg/kg BW +  

					ESA 81 mg/kg BW  

					ECP.72 ESA.162 : combination group of ECP 72 mg/kg BW +  

					ESA 162 mg/kg BW  

					ECP.144 ESA.81 : combination group of ECP 144 mg/kg BW +  

					ESA 81 mg/kg BW  

					Measurement of milk production  

					Mean milk production from day 3 to day 15 in lactating rats  

					The calculation of milk production used the following formula:19  

					The results of the study for total milk production from day 3 to day 15  

					showed a significant increase in milk production in each treatment  

					group (p-value < 0.05, Table 1) compared to the control group. Milk  

					production showed a steady increase day by day, and on the last days  

					(days 13-15), the increase in milk in the treatment group was higher  

					than in the control group (Figure 1). Starting from day 13, the  

					combination group of ECP 72 mg/kg + ESA 162 mg/kg (green)  

					exhibited the highest milk production compared to the other groups.  

					Milk Production=  

					W1 =  

					W2 =  

					Weight of the pups weighed at 07:00 AM  

					Weight of the pups weighed at 11:00 AM after being  

					separated from the mother for 4 hours  

					W3 =  

					Weight of the pups weighed at 12:00 PM after nursing  
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					Based on the research, the total milk production across all  

					experimental groups on day 15 post-treatment was higher compared  

					to pre-treatment, demonstrating that the administration of extracts can  

					increase milk production. The highest increase in milk production was  

					the passage of prolactin and oxytocin through the bloodstream.24 The  

					lactogenic effect of S. androgynus leaves may also be related to the  

					presence of flavonoid phytoestrogens (quercetin and kaempferol) at  

					approximately 78.5 mg/100 g of dry extract.25 Phytoestrogenic agents  

					are thought to mimic the effects of natural estrogen, binding to  

					estrogen receptors and promoting breast epithelial cell proliferation,  

					thereby stimulating milk secretion.26 This is consistent with Sa'roni  

					et al.'s study, which showed that administering S. androgynous  

					extract to lactating mothers increased milk production by 50.7%  

					compared to those not given S. androgynous extract.27 According to  

					Herawati, administration of ethanol extract from C. papaya leaves at  

					a dose of 1.9 mg/200 g BW/day can increase breast milk volume. C.  

					papaya leaf extract contains alkaloids, flavonoids, phenols, saponins,  

					and amino acids (cysteine, phenylalanine, and glutamate). Alkaloids  

					are compounds known to enhance milk secretion. High intake of  

					glutamate can affect its concentration in breast milk, which is  

					associated with increased milk volume.28  

					Figure 1. Daily milk production of Wistar rats administered with  

					combined extracts of C. papaya and S. androgynous leaves during  

					the study. Data are presented as the mean daily milk production of  

					lactating Wistar rats. ANOVA analysis demonstrated significant  

					differences in mean milk production among the groups of lactating  

					Wistar rats (p<0.05). Milk production levels were higher in groups  

					receiving the combination extracts ECP.72 ESA.81; ECP.72  

					ESA.162; and ECP.144 ESA.81 compared to the control group and  

					single-dose groups ECP.72 and ESA.81. There were significant  

					differences in milk production from day 6 to day 15, particularly for  

					the extract combinations (ECP.72 ESA.162 and ECP.144 ESA.81).*  

					indicates significantly different data compared to the control group.  

					Figure 3. Sauropus androgynus leaf  

					Prolactin and oxytocin levels  

					Prolactin levels in the groups administered with the combined  

					extracts ECP and ESA were higher compared to the control and  

					single-dose ECP and ESA groups and significantly higher in the  

					ECP.144 ESA.81 group compared to the control group (p-values <  

					0.05; Table 3). Oxytocin levels significantly increased in the ECP.72  

					ESA.81 and ECP.144 ESA.81 groups (p-values < 0.05), while the  

					other four groups (control, ECP.72, ESA.81, ECP.72 ESA.162) did  

					not. Subsequent analysis using one-way ANOVA was not significant  

					(p-values > 0.05), but Table 2 shows positive results indicating that the  

					mean oxytocin levels after treatment were higher in the combination  

					groups compared to the control and single-dose groups (ECP.72 and  

					ESA.81). In hormonal analysis, specifically oxytocin and prolactin,  

					significant increases were observed in the combination groups  

					ECP.144 mg/kg BW + ESA.81 mg/kg BW and ECP.72 mg/kg BW +  

					ESA.81 mg/kg BW compared to the control and single extract groups  

					ECP.72 and ESA.81. Herbal combinations are believed to produce  

					synergistic effects or interactions between two or more compounds,  

					resulting in a greater combined effect than individual extracts.21  

					Research by Soka et al. demonstrated that administration of S.  

					androgynous extract can increase the expression of prolactin and  

					oxytocin due to the presence of the secondary metabolite, papaverine.  

					Papaverine stimulates prolactin by inhibiting dopamine receptors.29  

					Sauropus androgynous leaves contain sterols that act as hormone  

					precursors and enhance estrogen production.25 Polyphenols and  

					steroids present in S. androgynous leaves contribute to the prolactin  

					reflex, stimulating alveoli to produce and secrete breast milk through  

					oxytocin hormone stimulation.30 Similarly with C. papaya extract,  

					Herawati's study indicated that ethanol extract from C. papaya leaves  

					can significantly increase prolactin levels with an optimal dose of 1.9  

					mg/200 g BW/day compared to the control group. The analysis  

					suggested that ethanol extract from C. papaya leaves has an 18.2%  

					effect on prolactin levels. Compounds such as alkaloids, flavonoids,  

					and saponins can enhance plasma prolactin levels by inhibiting  

					Figure 2. Carica papaya leaf  

					observed in the combination group ECP 72 mg/kg BW + ESA 162  

					mg/kg BW, while the control group had the lowest milk production.  

					In this study, the control group also showed a significant increase in  

					milk production between pre- and post-treatment. There are several  

					factors influencing milk production, such as the amount of secretory  

					tissue, nursing duration and frequency, availability and quality of  

					diet, and the genetic makeup of the rats themselves.21 The increase in  

					milk production can also be attributed to the peak of lactation in rats  

					occurring between days 10-18,22 and naturally, suckling by rat pups  

					induces oxytocin release, resulting in rapid milk expulsion.23Mustofa  

					et al. research on S. androgynous leaves demonstrated the presence of  

					secondary metabolites, particularly alkaloids like papaverine, which  

					contribute to increased milk production. Papaverine inhibits  

					phosphodiesterase activity, leading to cAMP accumulation, and at  

					high levels, it relaxes smooth muscle around blood vessels  

					(vasodilator effect). This relaxation increases blood flow, facilitating  
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					estrogen-progesterone.31 One endogenous estrogen, 17훽-estradiol,  

					negatively affects milk production in the fourth week postpartum.  

					Prolonged high  

					Table 2: Mean oxytocin levels  

					Average oxytocin hormone levels (ng/L)  

					One-way ANOVA of  

					post intervention  

					paired  

					t-test  

					pvalue  

					Before treatment  

					After treatment  

					difference  

					No  

					Groups  

					1

					2

					3

					Control  

					ECP.72  

					ESA.81  

					960.71  

					958.08  

					931.06  

					959.18**  

					968.17**  

					944.25**  

					-1.53  

					10.09  

					13.19  

					0.87  

					0.44  

					0.09  

					0.24  

					4

					5

					6

					ECP.72 ESA.162  

					ECP.144 ESA.81  

					ECP.72 ESA.81  

					967.18  

					927.83  

					951.47  

					981.79**  

					953.40*  

					976.55*  

					14.16  

					25.57  

					25.08  

					0.30  

					0.02  

					0.00  

					NOTE : * and ** indicate significantly and insignificantly different data, respectively compared to before treatment with p-value < 0.05.  

					Table 3: Mean prolactin levels  

					Average prolactin hormone levels (ng/L)  

					Before treatment After treatment  

					Oneway ANOVA  

					of post intervention  

					No Group  

					p-value paired  

					t-test  

					difference  

					1

					2

					Control  

					ECP.72  

					25.07  

					24.10  

					24.35**  

					28.54**  

					-0.72  

					4.44  

					0.75  

					0.39  

					3

					4

					5

					6

					ESA.81  

					23.00  

					28.81  

					22.95  

					25.72  

					27.95**  

					35.20**  

					32.14*  

					32.56*  

					4.95  

					6.39  

					9.19  

					6.84  

					0.06  

					0.36  

					0.24  

					ECP.72 ESA.162  

					ECP.144 ESA.81  

					ECP .72 ESA.81  

					0.02  

					0.03  

					NOTE : * and ** indicate significantly and insignificantly different data, respectively compared to before treatment with p-value < 0.05.  

					combination of C. papaya and S. androgynous leaves is potentially  

					developed as an alternative natural lactogenic substance.  

					concentrations of 17훽-estradiol can disrupt mammary tight junctions,  

					leading to lactose transfer from breast milk to plasma or urine.  

					Meanwhile, progesterone inhibits the synthesis of 훼-lactalbumin,  

					casein, and lactose, thus inhibiting lactogenesis onset.32 Flavonoids  

					are phytoestrogens with structures and functions similar to estrogen  

					in the body, stimulating prolactin production, for example, quercetin.  

					Prolactin levels have an 81.5% effect on influencing the number of  

					breast alveoli.31 This study demonstrated significant average  

					differences between the two treatment groups, showing an increase in  

					lactogenic effects in the ECP.144 ESA.81 and ECP.72 ESA.81  

					combination group compared to the control group. This combination  

					yielded the most potent lactogenic effect because C. papaya leaves  

					have the highest average lactogenic content compared to S.  

					androgynous.33 These findings align with Iwansyah et al., who proved  

					that C. papaya leaves have higher carbohydrate and protein content  

					than S. androgynous.34 Protein is essential for lactating women and  

					can increase milk secretion because it contains amino acids that  

					stimulate milk secretion.35 The calcium content in C. papaya leaves  

					is also notably high at 338.60 g/100 g, whereas in S. androgynous, it  

					is only 84.40 g/100 g.34 Protein contains amino acids, which can  

					stimulate milk secretion.35,36 and calcium also play a role in milk  

					production by stimulating prolactin secretion.37 Based on this  

					research, the extract combination of ECP.144 ESA.81 has the most  

					promising lactogenic effects by increasing the milk production,  

					oxytocin, and prolactin levels.  
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